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Comparative Diagnostic Performances of Auscultation,
Chest Radiography, and Lung Ultrasonography in Acute
Respiratory Distress Syndrome
Daniel Lichtenstein, M.D.,* Ivan Goldstein, M.D.,† Eric Mourgeon, M.D.,† Philippe Cluzel, M.D., Ph.D.,‡
Philippe Grenier, M.D.,§ Jean-Jacques Rouby, M.D., Ph.D.!

Background: Lung auscultation and bedside chest radiogra-
phy are routinely used to assess the respiratory condition of
ventilated patients with acute respiratory distress syndrome
(ARDS). Clinical experience suggests that the diagnostic accu-
racy of these procedures is poor.

Methods: This prospective study of 32 patients with ARDS and
10 healthy volunteers was performed to compare the diagnostic
accuracy of auscultation, bedside chest radiography, and lung
ultrasonography with that of thoracic computed tomography.
Three pathologic entities were evaluated in 384 lung regions (12
per patient): pleural effusion, alveolar consolidation, and alveo-
lar–interstitial syndrome.

Results: Auscultation had a diagnostic accuracy of 61% for
pleural effusion, 36% for alveolar consolidation, and 55% for
alveolar–interstitial syndrome. Bedside chest radiography had a
diagnostic accuracy of 47% for pleural effusion, 75% for alveo-
lar consolidation, and 72% for alveolar–interstitial syndrome.
Lung ultrasonography had a diagnostic accuracy of 93% for
pleural effusion, 97% for alveolar consolidation, and 95% for
alveolar–interstitial syndrome. Lung ultrasonography, in con-
trast to auscultation and chest radiography, could quantify the
extent of lung injury. Interobserver agreement for the ultra-
sound findings as assessed by the ! statistic was satisfactory:
0.74, 0.77, and 0.73 for detection of alveolar–interstitial syn-
drome, alveolar consolidation, and pleural effusion,
respectively.

Conclusions: At the bedside, lung ultrasonography is highly
sensitive, specific, and reproducible for diagnosing the main
lung pathologic entities in patients with ARDS and can be con-
sidered an attractive alternative to bedside chest radiography
and thoracic computed tomography.

AT the bedside, accurate evaluation of lung pathologic
entities and pulmonary aeration in critically ill patients
ventilated for acute respiratory distress syndrome
(ARDS) remain problematic. Auscultation, which is the
first step of the clinical evaluation, can be markedly
altered by the intrathoracic transmission of sounds is-
sued from the mechanical ventilator. Technical limita-
tions reduce the quality of bedside chest radiography,
which, nevertheless, remains the daily reference for lung
imaging. These limitations include movements of the
chest wall, patient rotation, supine position with the
x-ray film cassette placed posterior to the thorax, and an
x-ray beam originating anteriorly at a shorter distance
than recommended and not tangentially to the apex of
the hemidiaphragm. All of these various factors contrib-
ute to poor-quality x-ray films and mistaken assessment
of pleural effusion, alveolar consolidation, interstitial
markings, mediastinum, and cardiac dimensions. Even
with careful control of exposure factors, radiographic
images remain suboptimal in more than one third of
cases1–5 and are poorly correlated to lung computed
tomographic images.6 Although it is generally believed
that ultrasonography has limited applications in lung
diseases, its use is extending in intensive care units.4,7–13

The aim of this prospective study was to assess
whether lung ultrasonography could be an alternative to
bedside chest radiography for assessing the presence
and extent of alveolar consolidation, alveolar–interstitial
syndrome, and pleural effusion in ventilated patients
with ARDS. Auscultation, bedside chest radiography, and
lung ultrasonography were compared with thoracic
computed tomography (CT).

Materials and Methods

Patients
Thirty-two consecutive patients admitted to the Surgi-

cal Intensive Care Unit of Pitié-Salpétrière Hospital for
treatment of ARDS were prospectively included in the
study. ARDS was defined according to the American–
European Consensus Conference on ARDS.14 All patients
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32 ARDS-Patienten / 384 
Lungenregionen

CT-Thorax als Goldstandard
 Pleuraerguss-Inzidenz 26%

patients, 384 lung regions were analyzed by ausculta-
tion, lung ultrasonography, and CT. Only 52% of the lung
regions analyzed by auscultation were concordant with
the corresponding CT lung regions, whereas 83% of the
lung regions analyzed by lung ultrasonography were
concordant with the corresponding CT lung regions.

Interobserver Variability
For the 288 lung regions analyzed by two of three

investigators in the additional series of ARDS patients, !
values for assessing normal lung ultrasonography pat-
tern, alveolar–interstitial syndrome, alveolar consolida-
tion, and pleural effusion were 0.69, 0.74, 0.77, and
0.75, respectively.

Discussion

For patients with ARDS, lung ultrasonography is better
than auscultation and bedside chest radiography for di-
agnosing pleural effusion, alveolar consolidation, and
alveolar–interstitial syndrome and for assessing the ex-
tent of lung injury.

Normally, ultrasounds are not transmitted through an-
atomic structures filled with gas, and the lung paren-
chyma is not visible beyond the pleura. In injured lung,
which is characterized by a marked increase in tissue
extending to the lung periphery,18 artifacts resulting
from the gas–tissue interface are detected by lung ultra-
sonography as comet tails. Correlations with CT have
demonstrated that lung rockets (multiple comet tails at
7-mm intervals) correspond to thickened alveolar septa,

whereas lung rockets at 3-mm or shorter intervals cor-
respond to ground-glass attenuation areas.9,10,27 When
the loss of aeration is massive and results in an alveolar
consolidation adjacent to the pleura, the lung becomes
visible as a tissular structure with hyperechoic artifacts
resulting from air bronchograms.7 It has been shown
that lung ultrasonography is highly sensitive and specific
for detecting pleural effusion,12,23–25 and it can help
thoracentesis.12 Recently, Tsubo et al.13 demonstrated
that PEEP-induced reaeration of a hyperdense left lower
lobe can be assessed using transesophageal ultrasonog-
raphy. When a PEEP of 15 cm H2O was used for patients
with ARDS and nonaerated lower lobes, these investiga-
tors found that ultrasonic densities “disappeared.” Figure
6 in their article shows that it is highly likely that at PEEP
of 15 cm H2O a tissular pattern suggestive of lung
consolidation was replaced by multiple comet tails. In
other words, a gas–tissue interface was observed after
PEEP, indicative of partial reaeration of the left lower
lobe. Complete lung reaeration would have resulted in
the appearance of horizontal A lines parallel to the
pleural line. From these results and our clinical expe-
rience, lung ultrasonography could be a very valuable
tool to assess at the bedside lung recruitment resulting
from PEEP. Further studies are required to confirm
this possibility.

Lung ultrasonography is also sensitive and specific for
diagnosing pneumothorax,8–10 maxillary sinusitis,34 and
many other disorders in critically ill patients.35,36 Com-
pared with CT, which provides direct visualization of
lung morphology, lung ultrasonography shows artifacts
resulting from lung injury and is therefore less demon-
strative. However, it has the major advantages of avoid-
ing radiation exposure as well as transportation outside
the intensive care unit and is less costly and easily re-
peatable. In addition, it allows the accurate diagnosis of
pleural effusion, alveolar consolidation, and alveolar–
interstitial syndrome not only in ARDS but also in many
other types of lung injury.7,24,25,27 CT requires transpor-
tation of the patient to the radiology department and
trained physicians familiar with mechanical ventilation
and complex cardiovascular monitoring. For improving
the quality of the images, intravenous injection of con-
trast material is helpful but may be detrimental to the
injured lung.37 The radiation dose delivered to the pa-
tient with CT examination of the entire chest using
10-mm collimation remains high, equivalent to undergo-
ing chest radiography 20–30 times.38 The cost of one CT
examination is approximately $690. In addition, CT
should not be frequently repeated and is not available
everywhere for critically ill patients.

As recommended by the American College of Radiol-
ogy,39 we perform daily chest radiography for ventilated
patients who do not fulfill the criteria of ARDS for de-
tecting pleural effusion, alveolar consolidation, and al-
veolar–interstitial syndrome. Because additional chest

Table 1. Sensitivity and Specificity of Auscultation, Chest
Radiography, and Lung Ultrasonography for Diagnosing
Pleural Effusion, Alveolar Consolidation, and
Alveolar–Interstitial Syndrome in 384 Lung Regions in 32
Critically Ill Patients with ARDS

Auscultation,
%

Chest
Radiography,

%

Lung
Ultrasonography,

%

Pleural effusion
Sensitivity 42 39 92
Specificity 90 85 93
Diagnostic

accuracy
61 47 93

Alveolar
consolidation

Sensitivity 8 68 93
Specificity 100 95 100
Diagnostic

accuracy
36 75 97

Alveolar–interstitial
syndrome

Sensitivity 34 60 98
Specificity 90 100 88
Diagnostic

accuracy
55 72 95

ARDS ! acute respiratory distress syndrome.
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      Ergussmengenschätzung (unexakt -> Erfahrungswert) 

 - V (ml) = cm (Höhe) x cm (Pulm-Diaph.)) x 70 (im Sitzen) 

 - V (ml) = Ergusshöhe (cm) x 90 (im Sitzen)  

 - V (ml) = Distanz Pulmo-Thoraxwand (mm) x 20 (im Liegen) 

   

Pleuraerguss - Volumenschätzung

Mathis G,  
Bildatlas der Lungen- und  
Pleurasonografie, Springer 2010  

Formel Lage Erklärung Quelle

LSF (cm2) x U (cm) x 0,89 SL
LSF: Median der Ergussflächen
 aus 6 vertikalen Ebenen 
U: Umfang des Hemithorax‘

Lorenz et al.

LH (cm) x SH (cm) x 70 SL LH: laterale Ergusshöhe
SH: mediane subpulmon. ErgusshöheGoecke & Schwerk

LH (cm) x 90 SL LH: laterale Ergusshöhe Goecke & Schwerk

D (mm) x 16 SL
D: Distanz zw. halber Höhe des 

Diaphramas u. viszeraler Pleura
(mid-scapulär)

Usta et al.

QSF (cm2) x H (cm) x 0,66 RL H: Ergusshöhe
QSF: horizontale Fläche Kelbel et al.

D (mm) x 47,6 - 837 RL D: Ergussdicke Eibenberger et al.

PSDbase > 5 cm entspricht > 500 mlRL PSD: Distanz zw. Lunge u. Thoraxwand
posterobasal end-exspiratorisch Roch et al.

rechts: > 45 mm = > 800 ml
links: > 50 mm = > 800 ml RL max. interpleurale Distanz Vignon et al.

Sep (mm) x 20 RL
Sep: max. Distanz zwischen viszeraler

und parietaler Pleura endexspir.
in der hinteren Axillarlinie

Balik et al.

20 mm entspr.    380 ± 130 ml
40 mm entspr.    1000 ± 330 ml RL posterobasal Eibenberger et al.
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Survey of major complications of intercostal chest
drain insertion in the UK
Ann Harris, B Ronan O’Driscoll, Peter M Turkington

ABSTRACT
Background Following reports from the National Patient
Safety Agency of deaths and serious harm from
intercostal chest drains (ICD) we conducted a national
survey among chest physicians of their experience of
harm associated with ICD.
Methods A questionnaire was sent to 198 UK chest
physicians at 148 acute hospital trusts, enquiring about
current practice and any adverse incidents related to
chest drains from 2003 to 2008.
Results 101 of 148 trusts (68%) replied. 67 trusts
reported at least one major incident involving ICD
insertion. 31 Cases of ICD misplacement were reported
with seven deaths. Misplaced drains were inserted in liver
(10), peritoneal space (6), heart (5), spleen (5), subclavian
vessels (2), colon (1), oesophagus (1) and inferior vena
cava (1). 47 cases of serious lung or chest wall injuries
with eight deaths and six cases of ICD placement on the
wrong side with two deaths were reported. The
guidewire was lost in the pleural cavity in three cases.
22 of 101 trusts required written patient consent before
ICD insertion. 11 trusts had a training policy. 16 trusts had
patient information literature for this procedure. The
seniority of doctors permitted to insert ICDs was as
follows: 30% any doctor; 27% at least 1 year post
qualification; 32% at least 2 years, 11% at least 4 years.
Conclusions 67% of responding trusts had encountered
major complications of ICD. The survey raised concerns
about training and consent. The National Patient Safety
Agency has made recommendations to address these
risks which are also addressed in the 2009 update of the
British Thoracic Society Pleural Disease Guideline.

BACKGROUND
Intercostal chest drains are widely used throughout
the medical, surgical and critical care specialities.
Incorrect placement or management of intercostal
chest drains can lead to significant morbidity and
even mortality. In 1997 Collop et al1 reported a 3%
early complication rate including misplacement and
pneumothorax, and an 8% late complication rate
including dislodgement, infection and kinking.
However, of the 126 chest drains used 91% were
large calibre Argyle drains (>24F) and 9% were
small Cook drains (<14F) (Cook drains range from 8
to 36F). The British Thoracic Society (BTS) now
recommends the use of small-bore (10e14F) wire
guided (Seldinger) chest drains for the treatment of
pneumothoraces and malignant pleural effusions.2 3

As a result Seldinger chest drains are being used
more frequently in hospital practice.
Seldinger chest drains do not come without risks.

In a prospective assessment of Seldinger drain use
by Horsley et al, four of 52 insertions resulted in

minor complications; three surgical emphysema,
one bleeding wound site, and one case of iatrogenic
empyema.4 However, a retrospective case note audit
by Davies et al5 found very few complications
following 100 Seldinger chest drain insertions. 21%
fell out and 9% of drains became blocked, but no
other complications occurred. A recent study by
Benton and Benfield 20096 showed a statistically
significant higher complication rate with Argyle
chest drains and a tendency to longer drainage times
than Seldinger chest tubes when used to treat
spontaneous pneumothorax.
Nevertheless, there have been a number of more

serious misplacementsdfor example, perforation of
the left atrium with a Mattheys 6F catheter and
perforation of the liver with a large bore chest
tube.7 8 It is not known how the risks of Seldinger
drains compare with the risks of Argyle drains.
The UK National Patient Safety Agency (NPSA)

received reports of 12 deaths and 15 cases of serious
harm from chest drains between 2005 and 2008,
highlighting a more serious problem.9 In total
another 2125 incidents were reported which were
a result of poor management of chest drains with
outcomes ranging from ‘no harm’ to ‘moderate
harm’. In contrast, the Medicines and Healthcare
Products Regulatory Agency (MHRA) received
reports of just nine incidents since 2003.9 Such a low
number may be a result of incidents not being
reported. Of the nine incidents, eight were related to
the use of Seldinger type intercostal drains.
The NPSA and MHRA have reviewed these

incidents and several issues were common between
them.9 Common problems included failure to
follow manufacturer ’s instructions, excessive
insertion of dilator, inadequate imaging, anatomical
anomalies, and the patient’s clinical condition.
The NPSA and MHRA reported evidence of poor

supervision of junior doctors and low levels of
experience among clinicians inserting chest drains.
A third year trainee in the UK (ST1) is now
expected to be competent at Seldinger intercostal
drain insertion by the end of their core training.10

However, very few hospitals have a formal training
programme. James et al11 surveyed the competence
of medical registrars (trainees with at least 4 years of
clinical experience) in the West Midlands deanery.
The median number of ICD which each doctor had
inserted was 10e15 (range 0e>50); 69% had
inserted fewer than 10 large bore ICD in their whole
careers and 53% of non-respiratory trainees were not
confident in the procedure. The authors concluded
that non-respiratory trainees are inadequately
trained and lack confidence in ICD insertion.
Griffiths and Roberts12 surveyed junior doctors in

Sheffield as to the correct anatomical landmarks
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when inserting an intercostals drain. Their audit showed that
45% of junior doctors did not know the correct position for
insertion. Those juniors with cardiothoracic experience were all
correct; however, of the 15 juniors with respiratory experience
only 6 (40%) were correct. This highlights poor postgraduate
education, especially in the medical specialities. Another survey
of junior doctors by Mazumdar et al13 found similar evidence of
lack of experience and training. Only 65% of trainees had inserted
an ICD by the third year after qualification and only 30% had
inserted more than five by the end of their training; 62% of those
supervising other doctors had inserted only 1e4 ICDs themselves
before guiding more junior colleagues, and 79% were unaware of
the BTS guidelines on ICD insertion, including those who had
acted in a supervisory role to less experienced doctors.

We have conducted a survey of current practice in the UK to
determine which major complications have been encountered by
chest physicians in UK hospitals when inserting intercostal drains
andwhat training andpatient safetymeasureswere inplace in2008.

METHODS
Study design and participants
We undertook a postal questionnaire survey in spring 2008. The
questionnaire was sent to one consultant physician in adult
respiratory medicine at each acute hospital in the UK. Respira-
tory consultants were identified by the BTS national directory
2007. The questionnaire was sent to 198 consultant respiratory
physicians representing 148 acute hospital trusts (some trusts
comprise more than one acute hospital). This was sent twice to
their hospital address during a period of 3 months from January
to March 2008. A stamped addressed envelope was included with
each questionnaire.

Measurements
The brief questionnaire (web appendix i) asked responders to
comment on hospital size, type of trust, type of intercostals
drain used, and grade of physician permitted to insert the
intercostals drain to try to establish common themes between
incidents. The questionnaire included questions about current
practice at each hospital, patient information literature about
the procedure and complications, and whether they obtain
written consent from patients for this procedure. The ques-
tionnaire asked participants to comment retrospectively on any
major adverse incidents related to intercostal drains that they
were aware of in the past 5 years (2003e2008), to provide a total
number as well as details of the event.

Analysis of the data
Data were extracted from the responses and entered into
Microsoft Excel 2003 spreadsheet. The questionnaire asked for
one representative to respond on behalf of the Trust, including
all specialities to reduce duplication. The results were then
collated and expressed as numbers of events. Each recorded
adverse event was analysed independently: the grade of doctor
involved in the insertion, the type of drain, and the nature of
injury. If a procedure took place under the supervision of a more
senior colleague, the responsibility was attributed to the super-
vising clinician rather than the more junior trainee.

RESULTS
One hundred and eleven replies were received, representing 101 of
148 acute hospital trusts in theUK (68% response rate). Sixty-nine
per cent of responses were from district general hospitals, 25%
were from teaching hospitals, and 6% were from tertiary hospi-
tals. A number of duplicate responses were received as a result of
some acute hospital trusts being on split sites. In addition, many

responders remembered that there had been incidents but could
not provide specific details. This was counted as reporting an
incident, but not counted in the total number of events observed.

Types of intercostal drains
Most trusts used more than one type of drain. Seventy-seven
trusts reported using small bore (10e14F) Portex Seldinger drains
(Smiths Medical UK), 29 trusts used small bore (10e14F) Rocket
Seldinger drains (Rocket Medical UK), and some trusts used both
brands. Twenty-one trusts reported using the Cook seldinger
drains (8e36F) (Cook Medical, USA) and 57 reported using the
Argyle intercostal drains (various suppliers).

Adverse incidents
Sixty-seven trusts reported at least one major incident involving
ICD insertion. In total, 87 adverse clinical incidents were
reported which included 17 deaths (see table 1. There were 37
incidents of chest drains inserted in the wrong anatomical loca-
tion or on the wrong side as shown in table 2. Thirty-five trusts
reported serious lung or chest wall injuries affecting 47 patients
with eight deaths. Of these 47 patients, 18 (38%) suffered lung
penetration or laceration, 11 (23%) had serious haemorrhage, and
eight (17%) developed surgical emphysema. The remaining nine
cases involved injury to the chest wall, infection and persistent air
leak. The guide wire was lost in the pleural cavity in three cases.
A Seldinger type drain was implicated in 52 of the 87 adverse

events including 10 fatal cases. An Argyle type intercostal drain
was used in 20 of the reported cases which included five deaths,
and the reporter was unable to confirm the type of drain
involved in the other cases. Five of the eight fatalities due to
chest wall injuries and five of the nine fatalities due to intercostal
drain insertion into the wrong side or into an organ involved
Seldinger drains (see table 3). The proportion of Seldinger drains
and Argyle drains used in these hospitals is not known.

Grade of physician permitted to insert chest drains
The seniority of doctors permitted to insert ICDs at the 101
trusts is as follows: 30% any grade of doctor including newly
qualified; 27% at least 1 year of clinical experience; 32% at least
2 years of clinical experience; and 11% at least 4 years of clinical
experience.

Grade of physician and speciality involved in adverse incidents
Of the 87 reported incidents, fully trained consultant physicians
were involved in 10 cases (11%), trainees with at least 4 years of
clinical experience were involved in 36 cases (41%), trainees with
2e4 years of experience were involved in 23 cases (26%), and
trainees with 0e2 years of clinical experience were involved in
four cases (5%) (see table 4).
Respiratory physicians were responsible for the care of 35

cases, 16 were under general medical care, and eight were treated
by emergency department staff, but the proportion of cases
cared for by each of these specialities in unknown (see table 5).

Table 1 Types of adverse incidents associated with chest drain use at
101 acute hospital trusts
Nature of
injury No. of trusts No. of deaths No. of cases Percent fatal

Lung or chest
wall injury

35 8 47 17%

Wrong side 5 2 6 33%

Lost wire 3 0 3 -

Wrong location 24 7 31 23%

Total 67 17 87 20%

Postgrad Med J 2010;86:68e72. doi:10.1136/pgmj.2009.087759 69
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  Komplikation Anz. Patienten Anz. letale Verläufe
  Verletzung Lunge/Thorax 47 8
  Drahtverlust 3 0
  Fehlplatzierung 37 9

- Leber 10 1
  - falsche Seite 6 2

- intraabdominell 6 0
- Milz 5 1
- Herz 5 3
- Vasa subclaviae 2 1
- Colon 1 0
- V. cava inf. 1 1
- Ösophagus 1 0

Fragebögen an 148 Institutionen; Rücklaufquote 68%; Untersuchungszeitraum 5 Jahre
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Ultrasound guidance decreases  
complications and improves the cost  
of care among patients undergoing  
thoracentesis and paracentesis 

Catherine J. Mercaldi, MPH; and Stephan F. Lanes, PhD     CHEST 2013; 143(2):532-8

61.261 Pleurapunktionen 

44% Ultraschall-gestützt

Pneumothorax-Inzidenz: 3,1%   vs.   2,3%

➥ 19% Risikoreduktion durch Ultraschall

➥ Mortalität bei Pneu 7,4% (vs. 4,2% ohne Pneu)
➥ Verweildauer pro Pneumothorax:   +1,5 Tage
➥ Kosten pro Pneumothorax:   $ 2.800
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within the fi rst 7 cm of the intercostal space lateral to 
the spinous process. In addition, we found that there 
is a substantial amount of variability in its position, 
with greater variability in older age groups ( .  67 years 
in this data set, including a total of 78 arteries [28% of 
the total data]) and in higher (more cephalad) rib 
spaces, but less variability with lateral distance from 
the spine. Our fi ndings on the variability of arterial 
position are consistent with those of previous studies in 
smaller numbers of patients demonstrating increasing 
age associated with increased tortuosity of artery  6,9   
and with data from cadaveric studies of the course 
of the intercostal artery.  5   

 Intercostal artery laceration during pleural proce-
dures is potentially life threatening; arterial bleed-
ing into the normally negative pressure pleural space 
results in little chance of tamponade without specifi c 
radiologic or surgical intervention. With closed pleu-
ral procedures, the potential presence of an inter-
costal artery unshielded by the superior rib within the 
intercostal space is, therefore, of clinical importance. 
Although it is recommended that pleural interven-
tions be conducted as close as possible to the inferior 
rib, it is not always possible to guarantee a perpendic-
ular insertion, especially in larger patients. This study 
highlights the increased potential risks when a poste-
rior approach is required by the position of the pleu-
ral abnormality. 

 Within this data set, 99.0% (95% CI, 97.1%-99.8%) 
of intercostal arteries were shielded by the superior 
rib at 6 cm lateral distance from the spinous process 
(e-Fig 3). This suggests that pleural interventions 
conducted more lateral than 6 cm from the spinous 
process are likely to avoid the intercostal artery, but 
this result requires prospective validation in further 
patient cohorts. However, at the position along the 
intercostal space at which pleural procedures fi rst 
become possible (at the lateral border of the spinous 
process [mean distance in this study, about 3 cm]), 
83.6% (95% CI, 79.3%-87.8%) of arteries are not 
shielded by the upper rib. Of the unshielded arteries 
at this point, 45% are within the lower 75% of the 

 Discussion 

 To our knowledge, this is the fi rst article to describe 
the continuous course and positional variability of 
the intercostal artery in vivo in a large number of 
individuals and across different rib spaces. Although 
similar techniques were used in a previous study by 
Choi et al  9   in 81 patients (162 arteries), arterial posi-
tion was analyzed only in the 10th rib space (which 
is not routinely used as a site for intervention) and 
in fi ve discrete positions. The current study used a 
continuous analysis technique in 298 arteries from 
varied rib spaces, permitting comparison of the pre-
cise course of the artery and direct comparison of 
variability between rib spaces. 

 This study adopted a pragmatic approach to the 
description of the arterial position, in terms of fac-
tors that may infl uence clinical decision making on the 
“safest” point of entry into the posterior thorax for 
pleural procedures. The results suggest that the inter-
costal artery is typically exposed between the ribs 

  Figure  3. Position of the intercostal artery expressed as its posi-
tion within the interrib distance (0% represents the lower rib, 
100% represents the upper rib). Mean position is shown with 
95% CIs at each point.   

 Table 1— Results of Random-Effects Linear Regression Modeling, Assessing Factors That Predict Mean Arterial 
Position and Variability of Arterial Position (SD and Coeffi cient of Variation)  

Factor  

Mean Position of Artery SD of Arterial Position
Coeffi cient of Variation a  of 

Arterial Position

Coeffi cient   P  Value Coeffi cient  P  Value Coeffi cient  P  Value

Age, quartiles  2 0.73 .13 0.91 .009 b 0.016 .008 b 
Rib space, 7th to 11th 2.69  ,  .001 b  2 2.69  ,  .001 b   2 0.04  ,  .001 b  
Sex, M/F 1.23 .71 0.11 .14 0.002 .14
Side, L/R  2 0.30 .70 0.047 .94 0.005 .66

F  5  female; L  5  left; M  5  male; R  5  right.
 a SD/mean.
 b Signifi cant associations.
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      Interventional pleural procedures (intercostal drain 
insertion, diagnostic/therapeutic aspiration, and 

guided and nonguided pleural biopsy) are commonly 
performed by physicians, surgeons, and radiologists. 
Extrapolating from national audit data,  1   the number 

of drains placed by medical departments alone in 
1 year in the United Kingdom is estimated to be in 
excess of 16,000. These procedures are associated 
with potential harm. In a UK survey of practice, 67 of 
101 hospitals (66%) reported at least one fatal or 
potentially fatal intercostal drain-related adverse 
event.  2   A UK National Patient Safety Agency alert  3   
reported 27 deaths and cases of serious harm due to 
intercostal drain insertion, including intercostal artery 
laceration and inadvertent lung/organ puncture. The 
agency called for changes to increase the safety of 
this procedure, including the use of thoracic ultra-
sound for placing intercostal drains in patients with 
pleural effusion. 

  Background:    It is conventionally taught that the intercostal artery is shielded in the intercos-
tal groove of the superior rib. The continuous course and variability of the intercostal artery, 
and factors that may infl uence them, have not been described in a large number of arteries 
in vivo. 
  Methods:    Maximal intensity projection reformats in the coronal plane were produced from CT scan 
pulmonary angiograms to identify the posterolateral course of the intercostal artery (seventh to 
11th rib spaces). A novel semiautomated computer segmentation algorithm was used to measure 
distances between the lower border of the superior rib, the upper border of the inferior rib, and 
the position of the intercostal artery when exposed in the intercostal space. The position and 
variability of the artery were analyzed for association with clinical factors. 
  Results:    Two hundred ninety-eight arteries from 47 patients   were analyzed. The mean lateral 
distance from the spine over which the artery was exposed within the intercostal space was 
39 mm, with wide variability (SD, 10 mm; 10th-90th centile, 28-51 mm). At 3 cm lateral distance 
from the spine, 17% of arteries were shielded by the superior rib, compared with 97% at 6 cm. 
Exposed artery length was not associated with age, sex, rib space, or side. The variability of arte-
rial position was signifi cantly associated with age (coeffi cient, 0.91;  P   ,  .001) and rib space number 
(coeffi cient,  2 2.60;  P   ,  .001). 
  Conclusions:    The intercostal artery is exposed within the intercostal space in the fi rst 6 cm lateral 
to the spine. The variability of its vertical position is greater in older patients and in more ceph-
alad rib spaces.    CHEST 2013; 143(3):634–639   
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Schutz der Arterie durch den Sulcus 
subcostalis:

- 3 cm lateral der Wirbelsäule:  17%
- 6 cm lateral der Wirbelsäule:  97% 
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Intercostal artery laceration during thoracocentesis: increased risk in elderly
patients.
Carney M, Ravin CE.

Abstract
Two cases of intercostal artery laceration following thoracocentesis are reported. Subsequent
analysis of 29 thoracic aortograms demonstrated a definite trend toward increasing tortuosity of
intercostal arteries with advancing age. Consequently, the amount of space available for safe
insertion of the thoracocentesis needle tends to decrease with advancing age. As a result,
elderly patients are more prone to intercostal artery laceration during thoracocentesis, and
careful attention must be paid to the proper technique for performing this examination in such
patients.
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Physician-performed ultrasound can accurately screen for vulnerable
intercostal arteries prior to chest drainage procedures.
Salamonsen M, Dobeli K, McGrath D, Readdy C, Ware R, Steinke K, Fielding D.
Department of Thoracic Medicine, The Royal Brisbane and Women's Hospital, Brisbane, Australia.

Abstract
Laceration of the intercostal artery during pleural procedures

is a rare but serious complication. This study evaluates the utility of thoracic ultrasound to screen
for a vulnerable vessel compared with the gold-standard Computed Tomography (CT).

Before undergoing contrast-enhanced CT chest, thoracic ultrasound was performed
on 50 patients with a high-end and portable machine, and an attempt made to visualise the vessel
at three positions across the back to the axilla. These positions were labelled with radio-opaque
fiducial markers. On both ultrasound and CT images, the location of the vessel at each position,
relative to the overlying rib, was calculated and compared.

The vessel was unshielded by a rib according to CT in 114 of the 133 positions. The
sensitivity, specificity and negative predictive value of portable US to image the vessel, when it
was within the intercostal space on CT, was 0.86, 0.30 and 0.27 respectively. The performance
of a high-end machine was not significantly different. The median time required for a
pulmonologist to locate the vessel was 42s and 18s for the portable and high-end US respectively.

US can be used to screen for a vulnerable vessel prior to pleural procedures, in
a time amenable to use in clinical practice. Further, it is achievable by a pulmonologist using a
portable US machine. If thoracentesis or chest tube insertion is being performed on a patient at
increased risk of bleeding, we would recommend screening for a vulnerable vessel with US prior
to beginning the procedure.
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Intercostal artery laceration during thoracocentesis: increased risk in elderly
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Abstract
Two cases of intercostal artery laceration following thoracocentesis are reported. Subsequent
analysis of 29 thoracic aortograms demonstrated a definite trend toward increasing tortuosity of
intercostal arteries with advancing age. Consequently, the amount of space available for safe
insertion of the thoracocentesis needle tends to decrease with advancing age. As a result,
elderly patients are more prone to intercostal artery laceration during thoracocentesis, and
careful attention must be paid to the proper technique for performing this examination in such
patients.
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Sensitivität (US vs. CT): 86 %

Zeitbedarf (Median): 42 s (portables Gerät)
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Differentierung des 

Pleuraergusses 
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• Ist der Anlotungspunkt korrekt?  
• Stellt sich Leber bzw. Milzgewebe dar? 
• Ist das Diaphragma dargestellt? 
• Sieht man ein wanderndes oder ein ruhendes Schallphänomen? 
• Liegt eine Überlagerung einer Rippe vor? 
• Ist zwischen der gefundenen Flüssigkeit und der Lunge eine 

echogene Sichel (=Zwerchfell) erkennbar?

Differentialdiagnose des Pleuraerguss
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DD Pleuraerguss: subphrenische Flüssigkeit
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DD Pleuraerguss: peripherer Lungeninfarkt  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