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Introduction

Therapeutic chest drainage of a pneumothorax (PNO) is 
usually performed through the safe triangle just under the 
lateral border of the pectoralis muscle (1,2). Successful 
drainage of a PNO results in full re-expansion of the lung 

confirmed by chest ultrasound or less reliably by plain chest 
radiograph (CXR) (3-8). 

Ideally, a CD inserted through the safe triangle runs 
anteriorly apically between the anterior chest wall and 
the anterior visceral pleura. This position guarantees 
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an effective evacuation of PNO and offers optimal CD 
function in a supine patient. However, even a correctly 
placed CD may migrate in the pleural cavity ultimately 
assuming a more dependent position. Since the lung cross-
section tapers in the cranial direction, a CD may turn 
laterally and ultimately fall dorsally. 

The position of a CD introduced in the pleural cavity 
is usually assessed on a CXR, less commonly by chest 
ultrasound or by computed tomography (CT). A CXR 
provides a superimposed image where the anteroposterior 
dimension is not apparent. Only indirect signs based on 
projection and mutual relationship between structures 
are mostly used to estimate the position of objects in the 
anteroposterior dimension (9). To our best knowledge, 
there has not been published a single study concerning the 
correct position of a CD for the drainage of PNO on CXR.

In this pilot study, we hypothesized that several simple 
CXR parameters might be helpful in detecting whether a 
CD introduced in the pleural space for PNO drainage from 
the safe triangle changed its location and slipped laterally or 
posteriorly. 

Methods

The study was performed between May 2015 and June 2017 
in a 20-bed intensive care unit in a tertiary non-trauma 
center. It was approved by the Institutional Review Board 
and informed consent was waived due to retrospective 
design of the study.

The inclusion criteria were: (I) the presence of a CD in 
the pleural space inserted for PNO drainage from the safe 
triangle; (II) mechanical ventilation; (III) CXR and CT 
scan with the drain performed less than 24 hours apart. 
The exclusion criteria were: (I) all anatomical malpositions 
(extrathoracic, intraparenchymal, interlobar) as they are 
inherently malpositioned; (II) mid-clavicular access.

All CDs were 16–20 F in size and they were inserted 
using blunt dissection with forceps above the upper rib 
edge. Trocar assistance was strictly limited to facilitating 
the passage of the CD only through the chest wall, i.e., 
the CD was pulled off the trocar after reaching the pleural 
space with its soft tip directed under the anterior chest wall 
towards the sternoclavicular joint. All drains were connected 
to a closed suction system providing a pressure of −20 mbar 
(Aqua-Seal, Covidien, Mansfield, MA, USA). 

Twenty-eight patients were finally included in the study 
(for study flowchart see Figure 1). The patients were divided 
according to the position of the CD on the CT in two 
groups: group A with the tip of the CD anteriorly to the 
mid-axillary line (correct placement, n=24) and group B 
with the tip of the CD at the level of or posteriorly to the 
mid-axillary line (incorrect placement, n=4).

The parameters measured on the CT and CXR are listed 
in Table 1. Foreshortening of the CD was calculated as the 
distance from chest entry to its tip in the coronal plane 
(ignoring the anteroposterior dimension) divided by its 
true length obtained by three-dimensional measurement. 
The angle of inclination of the CD above the horizontal 

Figure 1 Study flowchart.
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Table 1 Measured and calculated parameters on CT and chest radiographs (CXR)

Parameter
Group A: correct 
placement (n=24)

Group B: incorrect 
placement (n=4)

P Test

CT scan (CT)

CD entry: intercostal space 3 [2–5] 3 [3–7] 0.82 MW

CD length in the thoracic cavity (mm) 99±24 158±53 0.001 T

CD entry to tip distance (mm) 93±21 135±46 0.005 T

CD entry to tip distance in the coronal plane (ignoring the anteroposterior 
dimension) (mm)

88±19 118±49 0.033 T

CD foreshortening in the coronal plane (CD entry to tip distance ignoring the 
anteroposterior dimension/CD entry to tip length) (%)

90±10 75±13 0.015 T

Chest radiograph (CXR)

Entry angle (angle of inclination above the horizontal) (°) 29 (IQR 29) 53 (IQR 22) 0.042 MW

Tortuosity (entry to tip distance/entry to tip length of the CD measured on a 
CXR) (%)

0.99 (IQR 0.03) 0.84 (IQR 0.5) 0.16 MW

CD, chest drain; T, t-test, MW, Mann-Whitney test; IQR, interquartile range.

line at chest entry was measured on CXR (Figures 2,3). CD 
tortuosity was determined as the ratio of a straight distance 
of from chest entry of the CD to its tip and the length of 
the CD in the patient measured on CXR (Figures 2,3). The 
measurements on CT and CXR images were performed by 
a board-certified radiologist with >10 years’ experience in 
thoracic imaging.

The data was analyzed in GraphPad Prism (GraphPad 
Software, La Jolla, USA). The normality of the data was 
tested using the D'Agostino & Pearson omnibus test 
and statistical significance between the groups was tested 
by the t-test or the Mann-Whitney test as appropriate 
with subsequent ROC analysis. A P value below 0.05 was 
considered significant.

Results

The patients were 59.5±15 years old and 78% were males. 
All patients were mechanically ventilated with APACHE 
II 23±6, SOFA 8.9±2.5. The etiology of PNO included 
postsurgical (n=10), ventilator related in pneumonia 
(n=7), ventilator related in ARDS requiring ECMO (n=6), 
postprocedural (n=3), and spontaneous on intermittent 
positive pressure ventilation (IPPV, n=2). 

The parameters measured on CT and CXR are presented 
in Table 1. Greater CD foreshortening was the best clue 
of a misplaced CD with AUC of 0.93 (95% CI: 0.83–1.0, 
P=0.0071), 100% sensitivity and 88% specificity for a cut-

off value of 82% (Table 1, Figure 4). The angle of CD 
inclination was greater in patients with misplaced CD with 
AUC of 0.83 (95% CI: 0.63–1.0, P=0.039), 75% sensitivity 
and 92% specificity for a cut-off value of 50 degrees  
(Table 1, Figure 4). There was no significant difference in 
CD tortuosity on CXR between the groups with AUC of 
0.69 (95% CI: 0.34–1.0, P=0.22). 

Three of the four patients with migrated CDs had a 
residual ventral PNO on the CT scan. The median time 
between the CXR and CT examinations was 5.4 hours  
(IQR 3.1).

Discussion

This pilot study evaluated simple parameters readily 
available from a plain CXR that would raise suspicion of 
CD migration after insertion for PNO drainage through 
the safe triangle in non-trauma critically ill mechanically 
ventilated patients. To our best knowledge, this is the first 
study to systematically evaluate malposition of a chest drain 
(CD) for PNO on a plain CXR.

In this pilot study, three of the four patients with 
malpositioned CDs had a residual ventral PNOs confirmed 
on CT. The data on how to proceed with an occult or 
residual PNO in mechanically ventilated patients with 
primary respiratory failure are scarce and conflicting. While 
some suggested that hemodynamically stable mechanically 
ventilated patients should be only observed (10,11), 
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Figure 2 Schematic drawing of the principle of foreshortening 
and cranial angulation (inclination) of a chest drain on a chest 
radiograph due to its position and divergence of X-rays (dashed 
lines). The green drain shows the correct position; the orange 
drain shows lateral migration and the red drain shows dorsal 
migration.

Figure 3 A chest drain (chevrons) inserted through the safe 
triangle for pneumothorax drainage that had slipped laterally is 
shown on chest radiograph (CXR, left and middle) and a thick slab 
coronal CT reformat (right). Arrowheads show the chest entry 
and the tip of the drain. α shows inclination of the drain from the 
horizontal line (61° on CXR, left). Measurement of the straight 
distance (a, green) and length of the drain inside the pleural cavity 
(b, yellow) used for calculation (a/b) of the tortuosity (0.97) are 
shown in the middle. Drain foreshortening is the ratio between the 
straight distance (a, green, right) and the length of the chest drain 
inside the pleural cavity read on the printed rule (0.77)—for the 
purpose of this study measured on CT. CXR, chest X-ray.

Figure 4 ROC of chest drain (CD) foreshortening and inclination as a clue of misplaced CD with an AUC of 0.93 and 0.83, respectively. 
ROC, receiver operating characteristic; AUC, area under the curve.
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other studies were inconclusive (12). In contrast to occult 
PNOs in trauma that do not always require chest drainage  
(10-12), the rates of PNO progression may be higher in 
non-trauma patients and those with respiratory failure on 
aggressive IPPV in particular. Even a small PNO is still 

important on IPPV because it may easily enlarge due to 
positive inspiratory pressure (8). A secondary occult or small 
residual ventral PNO may limit lung recruitment, increase 
requirements for mechanical ventilation, prevent weaning, 
and even progress to a life-threatening emergency in the 
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form of a tension PNO with its consequences (13-17). 
The method used for the insertion of the CD combined a 

surgical and a modified trocar technique. Its main objective 
was to reduce the incidence of functional malposition due 
to intrapleural angulations commonly encountered with a 
pure surgical technique, and anatomical intraparenchymal 
or fissural malpositions related to the advancement of the 
trocar into the chest (18,19). Most indications for chest 
drainage are based on a combination of clinical signs, 
ultrasound assessment (8,20,21), and CXR. CT scans in our 
patients were not requested for the evaluation of PNO of 
the CD (19). These may be the reasons for a small number 
of patients included in the study and even smaller number 
of patients with CD malposition. By no means this pilot 

study attempts to quantify functional malpositions of CDs 
inserted for PNOs but rather explores potential ways of 
their diagnosis.

The detection of malposition of CD inserted for PNO 
in supine CXR is difficult, because it is not readily obvious 
and there are no specific signs. In this study, we assumed that 
a migrating CD inserted from the safe triangle would turn 
upwards and laterally and later dorsally and that this trajectory 
would result in the CD pointing steeply up after entering the 
pleural cavity and later foreshortening on CXR (Figure 5).  
The angle of inclination which can be directly measured on 
CXR had only a moderate sensitivity of CD malposition. 
Foreshortening of CD was a better performing parameter 
with AUC of 0.93. Foreshortening is based on the elementary 

Figure 5 An example of a supine CXR after CD (white dotted line) insertion for left-sided spontaneous pneumothorax in a patient on veno-
arterio-venous extracorporeal membrane oxygenation (A). The next supine CXR (B, after 24 h) taken on the pressure support ventilation 
showed apparent axillar dislocation of the CD which had not moved at the insertion site. Patient´s status was complicated with a recurrent 
pneumothorax diagnosed with chest ultrasound by the typical appearance of the lung-point (C, here in the 5th intercostal space). The 
pneumothorax was medial from the solid white line (see B) drawn through the lung point depicted by the chest ultrasound (C). The control 
CXR (D, after re-drainage) showed a correct position of the CD (white dotted line) inserted for pneumothorax from the safe triangle. CXR, 
chest X-ray; CD, chest drain.

A B

DC
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principle of projection in plain radiography (9) and the 
knowledge of the length of CD inside the pleural cavity that 
can be read on the rule printed on the CD. CD tortuosity 
can be directly measured on CXR, but its performance 
in detecting CD malposition is poor. Compared to the 
inclination of the CD, both CD tortuosity and foreshortening 
have a greater risk of bias resulting from radiographic and 
measurement techniques. Moreover, foreshortening requires 
the knowledge of the distance of insertion.

The CD inserted through the safe triangle for a PNO 
should resemble “bird wings” when viewed on bedside 
CXR. Different configurations and kinks should raise 
suspicion of its malposition. Although one may observe the 
change of CD position between two sequential radiographs, 
the extent to which the CD has migrated is difficult to 
assess. Furthermore, performing routine daily radiographs 
is no longer a recommended practice (22).

The limitations of this study are multiple. Firstly, the 
authors’ practice adhered to current recommendations (1,2) 
and excluded anterior insertions from the midclavicular line. 
Secondly, the parameters measured on CXR may have been 
influenced by the radiographic technique (center, deviation 
from the anterio-posterior axis, distance). Thirdly, the 
number of patients especially those with malposition of the 
CD was small. Fourthly, only patients with CT and CXR 
less than 24 hours apart were included which constitutes 
a selection bias. Lastly, this pilot study was conducted 
retrospectively. Nevertheless, its main findings, the utility 
of CD foreshortening and CD inclination angle, warrant 
further investigation. 

Conclusions

This pilot study evaluated simple parameters measured or 
derived from bedside CXR that could raise suspicion of 
CD malposition after insertion for PNO drainage through 
the safe triangle in non-trauma mechanically ventilated 
critically ill patients. Greater foreshortening of the CD and 
a steep angle of inclination of the CD above the horizontal 
at chest entry should raise suspicion of CD migration and 
mandate further investigation by chest ultrasound to rule 
out residual pneumothorax occult on CXR.
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