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ABSTRACT Aims: The objective of the study was to evaluate cases developing pneumothorax following admission to a Pediatric
Intensive Care Unit (PICU) over a 5-year period.

Settings and Design: Case notes of all PICU patients (n = 1298) were reviewed, revealing that 135 cases (10.4%) developed pneumothorax.

Results: Patients with pneumothorax had higher mortality rate (P < 0.001), longer length of stay (P < 0.001), higher need for mechanical
ventilation (MV) (P < 0.001), and were of younger age (P < 0.001), lower body weight (P < 0.001), higher pediatric index of mortality 2 score on
admission (P < 0.001), higher pediatric logistic organ dysfunction score (P < 0.001)

Conclusions: This study demonstrated that pneumothorax is common in PICU patients
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Introduction

Pneumothorax is the accumulation of extrapulmonary air within the
chest, most commonly from leakage of air from within the lung. Pneu-
mothorax can be spontaneous or iatrogenic, with iatrogenic pneumotho-
rax (IP) being more common worldwide.[1] In the USA, the incidence of
spontaneous pneumothorax is approximately 7.4-18 cases per 100,000.
[2] Pneumothorax in critically ill patients remains a common problem in
the Intensive Care Unit (ICU, occurring in 4-15% of patients).[3,4]

The diagnosis of pneumothorax can be made by physical examination
or imaging studies including chest X-ray, ultrasonography, and com-
puted tomography (CT) scan.[5]

Pneumothorax is associated with prolonged length of stay (LOS), in-
creased morbidity and mortality.[6] Most cases of pneumothorax are
iatrogenic in origin caused by barotrauma secondary to mechanical
ventilation (MV).[7] IP is related to underlying lung disease along with
high ventilatory settings.[8]

This study aimed at evaluating the incidence of this complication in
critically ill patients admitted (PICU) over a 5-year period, to deter-
mine its risk factors and diagnostic strategies, and to study its impact
on the prognosis of these patients with an aim to prevent pneumo-
thorax and improve its management.

Methodology:

This retrospective study was conducted in a PICU of a teaching hos-
pital. All case notes of patients admitted between January 1, 2010,
and December 31, 2014, were reviewed, and the following data were
extracted: personal characteristics, age of the patient, diagnosis, out-
come, pediatric index of mortality 2 (PIM2) score[9] on admission and
pediatric logistic organ dysfunction (PELOD) score[10] on day 1, LOS
in days, and MV parameters were studied.

Diagnosis depended on clinical suspicion. Clinically, cases presented
with chest pain, respiratory distress, tachypnea, decrease or absent
breath sounds, and absent chest movement on the affected side. Di-
agnosis was then approved by plain X-ray chest posteroanterior view
(erect position) and CT chest. In all statistical tests, P < 0.05 was
adopted as the level of statistically significant.

Results

This retrospective study included 1298 patients admitted to PICU over
5 years. It was found that 10.4% (n = 135) of patients developed
151 episodes of pneumothorax (Group 1) and the remaining
patients 89.6% (n = 1163) did not (Group 2).

Table 1 indicates that the pneumothorax group was of
younger age and had lower body weight, higher PIM2 score,
higher PELOD score on day 1, longer LOS, higher need for
MV, higher likelihood of having an underlying respiratory
disease, sepsis and septic shock, and higher mortality
rate (P < 0.001, P < 0.001,P < 0.001, P < 0.001, P < 0.001, P <
0.001, P=0.001, P = 0.007, and P < 0.001, respectively).

Table 2

The clinical examination as the first diagnostic tool was helpful in the
diagnosis of 27.2% of episodes of pneumothorax, and plain X-ray di-
agnosed 70.2% of cases. CT was used to detect pneumothorax in the
remaining 2.6% of episodes. Ultrasonography was used to follow-up
proper thoracocentesis and tube placement, rather than diagnosis.

Table 3 shows a statistically significant difference between
the two groups in terms of their MV data. The results
indicate the longer duration of ventilation, higher
conventional ventilation settings, and higher mean airway
pressure in high-frequency oscillatory ventilation (HFOV) in
the pneumothorax group (P < 0.001, P< 0.001, and P < 0.001
respectively).

Discussion

In the present study, the prevalence of pneumothorax in PICU during
the 5-year study was 10.4%. This was found to be within the range of
pneumothorax reported in several studies (4-15%).[3,4]

In the present study, the mean LOS was 7 days longer in cases with
pneumothorax compared with those without pneumothorax. Zhan et
al. found that patients with pneumothorax usually have extra 4.4
days added to the LOS, an extra cost of $18000 US, and have a 6%
higher risk of hospital death.[11] Hsu et al. demonstrated that in
patients on MV, pneumothorax was associated with a significant in-
crease in the ICU LOS and mortality rate.[8] The mortality rate was
59% in Group 1 compared to 10% in Group 2.

In the present study, high index of suspicion as the first screening
tool was helpful in the diagnosis of 27.2% of episodes. Plain chest
X-ray diagnosed 70.2% of cases and ultrasonography was used for
follow-up. CT was used to detect 2.6% of episodes of pneumothorax.
This corroborates with Wilkerson and Stone,[12] Rowan et al.[13] who
reported that the plain radiograph is the primary radiological tool for
screening for pneumothorax with a sensitivity of 80% in erect posture
and 36-48% in the supine anteroposterior position. Ultrasonography
has become more readily available at the bedside, and a recent liter-
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ature review has reported a sensitivity of 86-98% and a specificity of
97-100% for diagnosing pneumothorax.[14] CT chest scanning is the
gold standard test for both diagnosing and determines the size of
pneumothorax[15]

Many investigators have emphasized that pneumonia is an important
predisposing factor in the development of pulmonary barotrauma in
mechanically ventilated patients.[16] Patients with other lung diseas-
es such as severe acute respiratory syndrome have a high incidence of
pneumothorax (20-34%) in mechanically ventilated patients.[17]

MV and CVC insertion accounted for more than 82% of episodes of
pneumothorax, which is why tension pneumothorax represented
41.1% of pneumothorax episodes. Many investigators agreed that IP
can also be induced by thoracic procedures or any procedures involving
the neck.[5,14,18,19] Many researchers highlighted that pneumonia is
an important predisposing factor in the development of barotrauma in
ventilated patients.[16] A recent study revealed that duration of ventila-
tion is thought to be a risk factor for developing barotraumas.[20]

The present study showed that conventional MV CMV, synchronized
intermittent mandatory ventilation/pressure support represented the
major starting modes of ventilation and that pressure control comes
next. A number of studies have concluded that the incidence of baro-
trauma does not relate to ventilator mode.[21]

Conclusion

Firstly, pneumothorax is considered as a major complication associ-
ated with increased LOS, increased morbidity and mortality among
PICU patients. Second, most cases of pneumothorax were iatrogenic
caused by barotrauma and CVC insertion coming next.

Tables:

1. Comparison of personal and clinical characteristics on
admission of cases with (Group 1) and without pneumo-
thorax (Group 2)

Characteristics (Gnrgl11§51) (Gnrgl1”1)623) P
Age(mean month) 12.29+22.59|25.75+37.02 | <0.0001*
Weight (kg) 6.88+5.29 10.14+7.87 <0.001*
Sex, n(%)

Female 71(52.6) 525(45.1) 0.1

Male 64(47.4) 638(54.9) :

PIM2 score 39.82+29.61 (27.88+25.64 |<0.001
PELOD score day 1 11.8949.78 |9.22+8.93 <0.001*
D(i(:)a/%nostic category,

n(%

: 53(39.3) 278(23.9) 0.001*
Respirator 47(34.8 280(24.1 0.007*
Sepsis andyseptic shock (34.8) (24.1) y
Others 35(25.9) 605(52) 0.005*
nM(E/g)ha“'ca' ventilation,  |155(926)  |614(52.8) <0.001*
Fate, n(%)

Discharged 55(40.75) 1043(89.7) <0.007%
Decreased 80(59.25) 120(10.3) .
LOS (days) 13.48+12.39 |6.44+8.95 <0.001*

PIM- Pediatric index of mortality, PELOD- pediatric logistic organ dys-
function

Table 2: Personal and clinical characteristics of cases
with and without respiratory diseases on admission

Respiratory |Nonrespira-

Characteristics diseases tory diseases [P
(n=331) (n=967)
Age(mean month) 13.06+17.99 |28.21+39.66 | <0.0001*

Weight (kg) 7.92+4.53 |10.45+8.43 0.005*
Sex, n(%)

Female 140(42.3) 456(47.2) 0126
Male 191(57.7) 511(52.8) :

PIM2 score 25.1£23.12 |30.5+27.21 0.004*
PELOD score 6.38+6.06 |10.57+9.65 <0.001*

Nze/c)hanical ventilation,
n(%
234(70.7) 505(52.2)
Yes 97(29.3)  |462(47.8) <0.001*
Fate, n(%)
Discharged 270(81.6) |828(85.6) 0.336
Decreased 61(18.4) 139(14.4) :
LOS (days) 6.9+8.01 7.27+10.1 0.151
Pneumothorax (%) 53016) £2(85)
es .
%o 278(84)  |885(91.5) <0.007*

Table 3: Comparison of cases with and without pneumo-
thorax as regard mechanical ventilation

Group 1 Group 2
(n=135) |(n=1163) |P
Days of mechanical ventilation [ 12.24+11.73 |4.46+8.19 | <0.001*
Starting mode of ventilation
M/PS 66(52.8) 403(65.7)
s o |1
Ve 324 |ero) <000
HFOV 18(14.4) 39(6.3)
CPAP 0 73(11.9)
N=107 N=575
Mean ventilator setting of
conventional ventilation
PEEP(cm H20) 6.92+3.93 |5.31+1.79 [<0.001*
PIP(cm H20) 28.29+6.32 [19.56+5.22 |<0.001*
Rate(c/ycle/min) 39.85+10.89 (33.35+7.35 [<0.001*
Fi02(%) 67.95+18.83 |52.03+12.82 | <0.001*
N=18 N=39
Mean ventilator setting for
HFOV
30.11+5.8  |25.33+7.71 |0.02*

6.59+1.5 5.95+0.94 (0.145
72.45%19.41 (53.7£14.82 [<0.001*

Mean airway pressure(cm
H20)

frequency (Hz)
FiO2 (%)
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