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Commons Attr�but�on-NonCommerc�al 4.0 Internat�onal L�cense (http://creat�vecommons.org/l�censes/by-
nc/4.0/) wh�ch perm�ts copy and red�str�bute the mater�al just �n noncommerc�al usages, prov�ded the
or�g�nal work �s properly c�ted.

Background: To determ�ne the factors affect�ng the development of pneumothorax �n
cr�t�cally �ll ch�ldren adm�tted to ped�atr�c �ntens�ve care un�t (PICU).

Methods: Th�s was a s�ngle-centered retrospect�ve case control study compar�ng the
cl�n�cal features of mechan�cally vent�lated pat�ents, who developed pneumothorax w�th
matched control cases.

Results: The study screened 2850 pat�ents adm�tted to the PICU over a 3 year per�od.
Among 1140 pat�ents who were mechan�cally vent�lated, 4.4% (n = 50) developed
pneumothorax. Med�an age was 24 months. Pat�ents w�th pneumothorax were found to have
med�an ped�atr�c r�sk of mortal�ty (PRISM):26, Ped�atr�c log�st�c organ dysfunct�on (PELOD):22
and mult�organ d�sfuct�on (MODS):3 whereas �n the control group they were 15.5, 12, and 3,
respect�vely. PRISM and PELOD were s�gn�f�cantly h�gher �n pneumothorax group.
Pneumothorax was observed on the 11.6th day of mechan�cal vent�lat�on (MV). Pneumothorax
was ma�nly secondary to pneumon�a (n = 18, 36%) and MV-related reasons (n = 13, 26%).
The r�sk of pneumothorax was h�gher when P-mean was > 14 cmH O and t�dal volume (TV)
was > 10 mL/kg (P < 0.05). The mean album�n level was 2.7 g/dL �n the pneumothorax group
compared w�th 3.6 g/dL �n the control group (P < 0.001). The number of days on mechan�cal
vent�lator and the durat�on of hosp�tal stay were stat�st�cally s�gn�f�cant �n pneumothorax group
(P < 0.05). The mortal�ty outcome was 44% (n = 22) �n the pneumothorax group compared
w�th 6.7% (n = 2) �n the control group (P < 0.001).

2

Conclus�ons: Pneumothorax �n cr�t�cally �ll ch�ldren was related to �ncreased morb�d�ty,
mortal�ty and prolonged length of stay �n hosp�tal. H�gher ped�atr�c r�sk of mortal�ty (PRISM)
and Ped�atr�c log�st�c organ dysfunct�on (PELOD) scores were assoc�ated w�th �ncreased r�sk
of pneumothorax. Hypoalbum�nem�a as a reflect�on of malnutr�t�on status of pat�ents m�ght be
a r�sk factor.
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Pneumothorax �s a l�fe-threaten�ng cond�t�on on the d�fferent�al d�agnos�s of resp�ratory d�stress
and chest pa�n wh�ch requ�res rap�d recogn�t�on and qu�ck �ntervent�on �n ch�ldren ( , ).
Pneumothorax can be class�f�ed �nto three subgroups as traumat�c, �atrogen�c and spontaneous.
Spontaneous pneumothorax can be categor�zed as pr�mary and secondary. Asthma, cyst�c f�bros�s,
necrot�z�ng pneumon�a, mal�gnancy, tobacco use (smok�ng) and connect�ve t�ssue d�sorders are
factors that m�ght cause secondary pneumothorax ( , ). Traumat�c pneumothorax can be seen
after pulmonary �nterrupter trauma or �atrogen�c pneumothorax (IP) ( ), m�ght be due to h�gh
resp�ratory sett�ngs �nclud�ng barotrauma/volutrauma secondary to mechan�cal vent�lat�on (MV) or
after an �nvas�ve procedure such as catheter�zat�on and resusc�tat�on ( - ). The �nc�dence of
pneumothorax �s est�mated to be 6 - 8/100.000 �n general populat�on and 7.4 - 18/100.000 �n the
�ntens�ve care un�t �n the Un�ted States of Amer�ca ( , ). The phys�cal exam�nat�on shows ser�ous
symptoms and s�gns ( ). D�agnos�s can be made w�th posteroanter�or X-ray, ultrasonography and
computed tomography scan of the chest ( , ). In adults pneumothorax �s known to be related to
prolonged length of stay, and �ncreased morb�d�ty and mortal�ty ( , ). Nevertheless, �n pat�ents
of �ntens�ve care un�t few data def�ne the prognost�c factors assoc�ated w�th IP. The current
ev�dences for management of pr�mary spontaneous pneumothorax are not sat�sfactory and
bes�des, the real �nc�dence and prognost�c factors of pneumothorax �n ch�ldren hosp�tal�zed �n
ped�atr�c �ntens�ve care un�t (PICU) are not known ( , ). It �s �mportant to emphas�ze that data
regard�ng pneumothorax stud�es, �nclud�ng those �n ped�atr�c pat�ents, �n l�terature are def�c�ent.
The stud�es evaluat�ng the �nc�dence and outcomes of the pneumothorax on mechan�cally
vent�lated ch�ldren w�ll be valuable.

1 2

3 4
5

6 8

9 10
2

2 11
12 13

8 14

Therefore, we a�med to �dent�fy r�sk factors assoc�ated w�th the development of pneumothorax
�n mechan�cally vent�lated cr�t�cally �ll ch�ldren adm�tted to a tert�ary PICU over a 3-year per�od.
Secondar�ly, we suggested that development of pneumothorax �n pat�ents of PICU can be
prevented. Therefore, �t �s �mportant to �dent�fy r�sk factors that cause pneumothorax.

Th�s �s a retrospect�ve matched case-control study �nclud�ng ped�atr�c pat�ents hosp�tal�zed �n
PICU dur�ng Apr�l 2012 through August 2015. After approval from the Local Eth�cs Comm�ttee, 50
pat�ents who developed pneumothorax and 30 control cases that were followed-up on mechan�cal
vent�lator at PICU, were �ncluded �n the study. In control group, totally 30 pat�ents were matched for
gender, age and d�agnos�s w�th pat�ents �n pneumothorax group dur�ng the same t�me per�od from
pat�ents who were mechan�cally vent�lated and d�d not have pneumothorax. The cases were
matched accord�ng to resp�ratory and non-resp�ratory d�seases. Pat�ents younger than 1 months of
age (to exclude b�rth-related cond�t�ons and neonatal per�od), pat�ents w�th �ncomplete med�cal

 2. Object�ves

 3. Methods
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records, pat�ents who had susta�ned pneumothorax as a result of an external or surg�cal trauma
and those who had d�agnos�s of pneumothorax pr�or to PICU adm�ss�on were excluded.

Ch�ldren adm�tted to PICU requ�r�ng mechan�cal vent�lat�on were el�g�ble for the study
�ndependent of the pr�mary d�agnos�s at adm�ss�on. The analys�s of mult�ple organ dysfunct�on
syndrome (MODS) regard�ng dysfunct�on of the card�ovascular, neurolog�c, resp�ratory,
hematolog�c, hepat�c and renal system was accompl�shed ( ). For the assessment of sever�ty of
d�sease the ped�atr�c r�sk of mortal�ty (PRISM) III score and ped�atr�c log�st�c organ dysfunct�on
(PELOD) score was used ( , ). The pat�ents were d�v�ded �nto two groups to compare the
outcomes. MV-related pneumothorax was def�ned when there was no demonstrable cause of
pneumothorax, whereas �atrogen�c (procedure-related) pneumothorax was def�ned �t was
developed after a med�cal �ntervent�on ( ). The control group cons�sted of mechan�cally vent�lated
ch�ldren who d�d not develop pneumothorax followed up at the same t�me �n PICU. In our center,
we performed pos�t�ve pressure vent�lat�on as a part of protect�ve lung strategy and as a
consequence of th�s strategy perm�ss�ve hypercapn�a was allowed. Dur�ng follow-up of the pat�ents
we prefer m�n�mally �nvas�ve techn�ques for d�agnos�s of pneumothorax. Unfortunately due to
techn�cal �nsuff�c�ency h�gh-frequency osc�llatory vent�lat�on could not be performed as a part of
lung protect�ve strategy �n pneumothorax group. The type of mechan�cal vent�lat�on (non-�nvas�ve
(BIPAP/CPAP or �nvas�ve), the MV parameters of mode and sett�ng, the laboratory parameters, the
length of t�me durat�on on mechan�cal vent�lat�on and �n the PICU and hosp�tal�zat�on stay were
recorded ( ). All pat�ents suspected to have pneumothorax were screened w�th chest x-ray da�ly
for pneumothorax throughout the�r PICU stay. The pat�ents w�th no absolute s�gns of
pneumothorax �n phys�cal exam�nat�on were d�agnosed w�th only postero-anter�or X-ray graph�cs of
the chest ( ).

3.1. Stat�st�cal Analys�s
The data were analyzed stat�st�cally w�th a software (Stat�st�cal Package for Soc�al Sc�ences 9

for W�ndows 20). The normal�ty tests were done. The collected var�ables were analyzed by us�ng
the Student t-test, Pearson ch�-square test and Man Wh�tney U Test. Stat�st�cally s�gn�f�cant P
values were cons�dered as < 0.05.
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The study screened 2850 pat�ents adm�tted to the PICU over a 3-year per�od and �t was found
that among 1140 pat�ents who were mechan�cally vent�lated 4.4% (n = 50) of the pat�ents had
developed pneumothorax. Th�rty matched cases that were followed-up on mechan�cal vent�lator at
PICU were �ncluded �n control group. One of our cases had d�agnos�s of b�lateral pneumothorax
and three of the cases had d�agnos�s of recurrent pneumothoraces. In the pneumothorax group
there were 27 males compared w�th13 males �n the control group. Med�an age was 24 months �n
both groups. Pat�ents w�th pneumothorax were found to have med�an PRISM: 26, PELOD: 22 and

 4. Results
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MODS: 3, whereas �n the control group they were 15.5, 12, and 3, respect�vely. PRISM and
PELOD were s�gn�f�cantly h�gher �n pat�ents w�th pneumothorax group (P < 0.001 and P = 0.002,
respect�vely). Pneumothorax was observed on the 11.6th day of MV. Demograph�c character�st�cs
are shown �n . We constructed a ROC curve to determ�ne the accuracy of pred�ct�ng
pneumothorax and the area under the curve (AUC) for PRISM and PLEOD was 0.760 (95% (CI)
conf�dence �nterval, 0.657 - 0.863; P < 0.001) and 0.702 (95% CI, a pos�t�ve pred�ct�ve value 0.586
- 0.818; P = 0.003). ROC curve for PRISM and PELOD �s demonstrated �n . When the
PRISM was 24, sens�t�v�ty of 52.6% and spec�f�c�ty of 85.7% were demonstrated. One po�nt
�ncrease �n the PRISM had a pos�t�ve pred�ct�ve value (PPV) of 80% and negat�ve pred�ct�ve value
(NPV) of 62.5% and when the PELOD was 22, sens�t�v�ty of 52.6% and spec�f�c�ty of 85.7% were
observed. One po�nt �ncrease �n the PELOD had a PPV of 80% and NPV of 62.5% ( ).

Table 1

F�gure 1

F�gure 1

Demograph�c Character�st�cs of the Pat�ents

Character�
st�cs

Control Group
(N = 30)

Pneumothorax
Cases (N = 50)

P
Valu
e

We�ght, kg 19.4 ± 20.7 18.5 ± 15 >
0.05

Age, mo 24 24 >
0.05

Day of MV 4.7 ± 3.7 7.7 ± 10.7 >
0.05

Day of Px NA 11.6 ± 16.9 NA

PRISM 15.9 ± 7 27.8 ± 13.3
<

0.00
1

PELOD 16.5 ± 10.5 24.1 ± 14.6 0.00
2

MODS 3.1 ± 1 2.7 ± 1.2 >
0.05

Album�n 3.6 ± 0.7 2.7 ± 0.6
<

0.00
1

Lactate 2.3 ± 1.5 3.5 ± 3.3 >
0.05

MV-
durat�on 9.9 ± 9.8 28.4 ± 36.1 <

0.05

Table 1. a

b

c

b

b
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Character�
st�cs

Control Group
(N = 30)

Pneumothorax
Cases (N = 50)

P
Valu
e

PICU-days 17.9 ± 21 31.1 ± 35.8 >
0.05

Hosp�tal-
days 29.3 ± 28.1 57.1 ± 53.4 <

0.05

Mortal�ty,
No. (%) 2 (6.7) 22 (44)

<
0.00

1

Abbrev�at�ons: MODS: mult�organ d�sfuct�on; NA, not ass�gned; PELOD: ped�atr�c log�st�c
organ dysfunct�on; PICU: ped�atr�c �ntens�ve care un�t; PRISM: ped�atr�c r�sk of mortal�ty.
Values are expressed as mean ± SD unless otherw�se �nd�cated.
Mean values.
Med�an.

a

b

c
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Upon susp�c�on of the cl�n�cal s�gns of pneumothorax 68% (n = 34) of the pat�ents were
d�agnosed w�th phys�cal exam�nat�on and postero-anter�or X-ray graph�cs of the chest and 32% (n
= 16) had no s�gn �n phys�cal exam�nat�on. In pneumothorax group, drop of the O saturat�on level
below 85% was the most common cl�n�cal man�festat�on (62%). Th�s symptom was followed by
bradycard�a (31.3%), subcutaneous emphysema (26%), resp�ratory ac�dos�s (10%) and f�nally
card�opulmonary arrest (2%). Et�ology of pneumothorax was ma�nly secondary to pneumon�a (n =
18, 36%). Th�s was followed by MV-related pneumothorax (n = 13, 26%), reasons of �atrogen�c
pneumothorax were as follows; after resusc�tat�on (n = 10, 20%), subclav�an or jugular catheter
�nsert�on (n = 4, 8%), and tracheostomy procedure (n = 3, 6%) and others (n = 2, 4%). In
pneumothorax and control group, seps�s was detected �n 24 and 12 of the pat�ents, respect�vely.
Ac�netobacter was the most common agent for seps�s. The relat�onsh�p between pneumothorax
and seps�s was not s�gn�f�cant.

In the pneumothorax group, 40 pat�ents had �nvas�ve and 10 pat�ents non-�nvas�ve supports,
whereas 29 pat�ents �n the control group rece�ved �nvas�ve and 1 pat�ent non-�nvas�ve support.
Invas�ve mechan�cal vent�lat�on was found to be a stat�st�cally s�gn�f�cant r�sk factor for
pneumothorax �n both groups (P < 0.05).

MV parameters of the two groups are summar�zed at . P-mean (cmH O), t�dal volume
(TV) (mL/kg) and F�-O  values were s�gn�f�cant �n the two groups (P < 0.05). The r�sk of
pneumothorax was h�gher when P-mean was > 14 cmH O and TV was > 10 mL/kg (P < 0.05). Th�s
suggests that h�gh P-mean and volutrauma �ncreased the r�sk of develop�ng pneumothorax.

2

Table 2 2

2

2

 ROC curve analys�s for PRISM and PELODF�gure 1.

MV Parameters and Stat�st�cal Compar�son of the Two Groups

Parame
ters

Control Group
(N = 30)

Pneumothorax Cases
(N = 50)

P
Valu
e

P-peak 20.4 ± 5.7 21.1 ± 5.7 >
0.05

P-mean 10.1 ± 2 13.6 ± 5.6
<

0.00
1

PEEP 5.7 ± 0.8 6.5 ± 3 >
0.05

F�-O 72.5 ± 17.4 81.9 ± 19.2 <
0.05

Table 2. 

2
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The mean album�n level was 2.7 g/dL �n the pneumothorax group and 3.6 g/dL �n the control
group and d�fference was s�gn�f�cant (P < 0.001). Lactate levels were also recorded �n two groups
( ). In ROC curve the accuracy of pred�ct�ng pneumothorax and the AUC for plasma album�n
concentrat�on was 0.837 (95% CI, 0.748 - 0.927; P < 0.001) ( ). It was demonstrated that
2.85 g/dL level of the album�n has sens�t�v�ty of 52.6% and spec�f�c�ty of 85.7%. Album�n level of 1
g/dL had a PPV of 80% and NPV of 62.5% ( ).

Table 1
F�gure 2

F�gure 2

Parame
ters

Control Group
(N = 30)

Pneumothorax Cases
(N = 50)

P
Valu
e

TV 8.1 ± 1.3 9.8 ± 2
<

0.00
1

Freque
ncy 26.7 ± 7.2 29.6 ± 9.4 >

0.05

Abbrev�at�ons: MV, mechan�cal vent�lat�on, TV, t�dal volume.
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In pneumothorax group; 56% (n = 28) of the pat�ents was followed-up only w�th h�gh F�-O , 8%
(n = 4) w�th s�mple needle asp�rat�on and underwater dra�nage, 36% (n = 18) chest tube was
surg�cally adm�n�stered.

The number of days on MV, the durat�on of PICU stay, and the length of hosp�tal stay were
28.4, 31.1 and 57.1 days �n the pneumothorax group compared w�th 9.9, 17.9 and 29.3 �n the
control group, respect�vely. In pneumothorax group MV-days and length of hosp�tal�zat�on stay
were stat�st�cally s�gn�f�cant compared w�th controls (P < 0.05). The d�fference �n PICU stay was
numer�cally h�gher �n pneumothorax group; but d�d not reach stat�st�cal s�gn�f�cance. The mortal�ty
outcome was 44% (n = 22) �n the pneumothorax group compared w�th 6.7% (n = 2) �n the control
group (P < 0.001).

2

 ROC curve analys�s for album�n levelF�gure 2.
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The current study demonstrates the potent�al r�sk factors that may cause pneumothorax �n
PICU pat�ents. In add�t�on to that �t shows �mportant data regard�ng prevalence of pneumothorax �n
PICU pat�ents �n our reg�on Ankara, Turkey) �n a tert�ary center. In a study ( ), pneumothorax
overall prevalence was 3%, whereas th�s was 4.4% �n the current study. The d�fferent prevalence
rates m�ght be expla�ned by d�fferent pat�ent populat�ons �ncluded �n the stud�es. Also, �n our study
pat�ents had h�gher PRISM and PELOD scores compared w�th the reported results of the
ment�oned study. Th�s �nd�cates that the current study �ncluded more compl�cated poor prognost�c
pat�ent populat�on. It �s understandable to detect h�gher prevalence rates �n our study. Although �n
the current study rate of pneumothorax was h�gher than �n some of the reported stud�es, �n a
recent report of Agency for Healthcare Research and Qual�ty (0.14 IP/1000 d�scharges) and other
ped�atr�c stud�es (from 0.15 to 0.56 IP/1000 d�scharge) ( ) the rate of pneumothorax was lower
than ours. In add�t�on, these stud�es ev�dently have underest�mated the rate of pneumothorax
because they evaluated the adm�n�strat�ve data, wh�ch was a s�gn�f�cant l�m�tat�on of the stud�es
( ). Therefore, �t �s not appropr�ate to compare these stud�es w�th results of the current study. In
contrast to these data a study from Ind�a reported a 10.4% prevalence rate of pneumothorax �n
PICU pat�ents ( ), wh�ch was very h�gh compared to reported rate of 4.4% �n the current study.

Two stud�es found that the r�sk of spontaneous pneumothorax was observed 4.2 fold �n males
compared w�th females and there was an accumulat�on at med�an age of 15, as adolescents
( , ). We d�d not observe stat�st�cal d�fferences between groups regard�ng gender and med�an
age.

Pneumothorax was observed �n average on 11.6th day of mechan�cal vent�lat�on. In a recent
ped�atr�c study, pneumothorax developed on 6.5th day when the d�agnos�s was resp�ratory
d�seases, and on 8th day when there was a non-resp�ratory et�ology ( ). In a study reported by
S�lva and colleagues; durat�on of MV, PICU and hosp�tal stays were s�m�lar between both groups
( ). In a study evaluat�ng 1238 ped�atr�c pat�ents adm�tted to PICU, those w�th pneumothorax had
h�gher mortal�ty rate (P < 0.001), and longer durat�on of hosp�tal�zat�on (P < 0.001) ( ). S�m�lar to
our study vent�lated pat�ents who developed pneumothorax had a longer durat�on of mechan�cal
vent�lat�on compared w�th vent�lated pat�ents w�thout pneumothorax (P < 0.001) ( ). Th�s study
also reported s�gn�f�cantly h�gher than expected mortal�ty rate �n pat�ents w�th pneumothorax ( )
wh�ch �s very s�m�lar to our results. Our study showed that the mean durat�on of hosp�tal stay was 7
days longer �n pat�ents w�th pneumothorax compared w�th control group. Hsu et al. demonstrated
that �n pat�ents on MV, pneumothorax was assoc�ated w�th a s�gn�f�cant �ncrease �n the length of
stay (LOS) �n �ntens�ve care un�t and mortal�ty rate ( ). In a study reported by Zhan et al., pat�ents
w�th pneumothorax had extra 4.4 days added to the durat�on of hosp�tal�zat�on. Accord�ng to th�s
study, the �ncreased hosp�tal�zat�on stay was added an extra cost of $18000 and 6% r�sk of
hosp�tal death ( ). Cons�der�ng �ncreas�ng health care expenses the econom�c �ssues are very
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�mportant espec�ally �n develop�ng countr�es. Therefore, �t �s very �mportant to def�ne factors
assoc�ated w�th pneumothorax to put prevent�ve measures �n act�on.

The assoc�at�on between �nvas�ve procedure and pneumothorax has been evaluated �n many
reports. However, the poss�ble non-�nvas�ve r�sk factors that m�ght be assoc�ated w�th
pneumothorax have not been evaluated �n these stud�es. In the current study we evaluated the
nutr�t�onal status of pat�ents by check�ng the album�n level at adm�ss�on. Therefore, we can
evaluate poss�ble assoc�at�on of pneumothorax w�th nutr�t�onal status of the pat�ents. In a study, a
low body we�ght was also assoc�ated w�th h�gh r�sk of pneumothorax ( ). In another study, body
we�ght less than 80 kg was assoc�ated w�th pneumothorax (HR: 2.4 [95% CI, 1.3 - 4.2]), th�s m�ght
be related to malnutr�t�on status of the pat�ents ( ). In add�t�on to that �n the current study, the
pat�ents w�th pneumothorax had lower body we�ght compared to control group (6 kg vs. 10 kg). In
the same context, �t has been observed that album�n level of pneumothorax group was s�gn�f�cantly
lower compared w�th control group. It m�ght be �nterpreted as malnutr�t�on be�ng an �ncreased r�sk
for pneumothorax. In other po�nt of v�ew, as an acute phase prote�n, hypoalbum�nem�a �s
assoc�ated w�th morb�d�ty/mortal�ty regardless of the �mpl�cated d�sease ( ). Cr�t�cally �ll ped�atr�c
pat�ents w�th hypoalbum�nem�a at adm�ss�on had poor outcome and hypoalbum�nem�a �s def�ned
as a pred�ct�ve factor for poor prognos�s. It �s assoc�ated w�th a h�gher mortal�ty, a LOS �n the PICU,
as well as longer vent�lator use ( ). Follow�ng the f�rst week of seps�s, �nfect�on, trauma, serum
album�n level of pat�ents �s reduced by about 10 - 15 g/L. In these severe cond�t�ons
hypoalbum�nem�a �s expla�ned by two mechan�sms; �ncreased vascular permeab�l�ty and
decreased synthes�s by cytok�nes such as �nterleuk�n-1 (IL-1) ( ) and 6 (IL-6) and tumor necros�s
factor α (TNFα) ( , ). Mouse models of pneumothorax have demonstrated �ncreased level of
TNFa ( ). In current study �n pneumothorax group, hypoalbum�nem�a m�ght have been assoc�ated
w�th �ncreased TNFa. In add�t�on, �ncreased IL-6 and TNFα has been reported �n lavage flu�ds of
pat�ents w�th pneumothorax ( ). In pneumothorax group decreased level of album�n m�ght be
secondary to �ncreased level of IL-6 and TNFα. There are var�ous explanat�ons and hypotheses
regard�ng the assoc�at�on of hypoalbum�nem�a and �ncreased r�sk of pneumothorax.
Hypoalbum�nem�a may �nd�cate the def�c�ency of collagen prote�n and �t may d�srupt expans�on
capac�ty of lungs. The other po�nt �s that hypoalbum�nem�a �s the negat�ve acute phase reactant
wh�ch m�ght be �nd�cator of �ncreased �nflammatory response �n these pat�ents. In pat�ents w�th
hypoalbum�nem�a oncot�c pressure decreases and th�s w�ll cause leakage of flu�ds to �nterst�t�al
f�eld. The �ncreased �nterst�t�al pressure w�ll cause cap�llary leak syndrome and pulmonary edema.
In order to overcome pulmonary edema the pressure levels of mechan�cal vent�lator �ncreases
wh�ch w�ll �ncrease the r�sk of barotraumas. The �ncreased r�sk of barotrauma may lead to
�ncreased r�sk of lung �njury and pneumothorax. In add�t�on, the pat�ents w�th hypoalbum�nem�a
may have malnutr�t�on. The poor nutr�t�onal status of pat�ents �ncreases the r�sk of pneumothorax.
The ped�atr�c �ntens�v�sts should pay more attent�on to the nutr�t�onal status and album�n level of
hosp�tal�zed pat�ents. Early �ntervent�ons can be planned to prevent further deter�orat�on of
malnutr�t�on status of these pat�ents. Bes�des, h�gher PRISM and PELOD score �nd�cat�ng the
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sever�ty of �llness �n these ch�ldren, can be another poss�ble explanat�on for development of
pneumothorax. In th�s group of pat�ents album�n �s decreased as a negat�ve acute phase reactant.

Pr�or stud�es have stated that resp�ratory d�seases and pneumon�a are �mportant factors
pred�spos�ng pulmonary barotrauma �n mechan�cally vent�lated pat�ents ( , ). Cons�stent w�th the
prev�ously establ�shed stud�es, et�ology of pneumothorax was ma�nly secondary to pneumon�a (n =
18, 36%), followed by MV-related (n = 13, 26%) cases and after resusc�tat�on (n = 10, 20%).
Insert�on of a catheter accounted for 8% of pneumothorax cases �n our PICU �n contrast to an
Ind�an study w�th 13.2% and th�s h�gh �nc�dence was attr�buted to the techn�que wh�ch was not
a�ded w�th ultrasound gu�dance ( ). The lower �nc�dence rate of pneumothorax �n our pat�ents
could be expla�ned by placement of central venous catheter by exper�enced staff that had at least
2 years of catheter placement exper�ence us�ng ultrasound gu�ded techn�que. Pneumothorax can
be �nduced by thorac�c procedures �nvolv�ng the neck ( , ). Th�s rate was 6% (n = 3) �n the
current study caused by tracheotomy. However, �n l�terature �t has been reported that the �nvas�ve
thorac�c procedures were the most common cause of IP. Among the pat�ents who were followed up
�n PICU, MV was found to be a r�sk factor for pneumothorax and th�s d�fference was stat�st�cally
s�gn�f�cant between the two groups be�ng cons�stent w�th l�terature ( , ). Th�s f�nd�ng underl�nes
that barotrauma, volutrauma and h�gh oxygen levels may cause the pneumothorax.

A study reported that, the r�sk factor for pneumothorax was h�gher �n some d�seases such as
seps�s and sept�c shock ( ). We found seps�s �n 24 pat�ents �n the pneumothorax group and �n 12
pat�ents �n the control group. In contrast to th�s study, the relat�onsh�p between pneumothorax and
seps�s �n some reports was found to be non-s�gn�f�cant. In pneumothorax group, drop of
O  saturat�on level below 85% was the most common cl�n�cal man�festat�on (62%). Th�s was
followed by bradycard�a (31.3%), subcutaneous emphysema (26%), resp�ratory ac�dos�s (10%)
and card�opulmonary arrest (2%).

In our exper�ence, 68% (n = 34) of the pneumothorax cases was d�agnosed w�th phys�cal
exam�nat�on and X-ray rad�ography. However 32% (n = 16) of the pat�ents w�th pneumothorax had
no phys�cal s�gns, and were d�agnosed w�th X-ray rad�ography of the chest �n the upr�ght antero-
poster�or (AP) pos�t�on. As prev�ously establ�shed, the pla�n rad�ograph of the chest �s the ma�n
rad�olog�cal �nstrument for d�agnos�s of pneumothorax w�th a sens�t�v�ty of 80% �n upr�ght posture
and 36% - 48% �n the AP pos�t�on ( , ). Nowadays ultrasonography has become more
access�ble for d�agnos�s of pneumothorax w�th a reported sens�t�v�ty of 86% - 98% and a spec�f�c�ty
of 97% - 100% ( , ). Chest computed tomography (CT) �s a gold standard tool to for d�agnos�s
and determ�n�ng of the s�ze of pneumothorax ( ). However, the r�sk of transportat�on of
hemodynam�cally unstable pat�ents for a tomography scan l�m�ts the use of CT for d�agnos�s of
pneumothorax �n PICU pat�ents ( ).

The management modal�t�es of pneumothorax can be l�sted as just observat�on w�thout
�ntervent�on, needle asp�rat�on of a�r, �nsert�on of an �ntercostal catheter, and �nvas�ve procedures
l�ke pleurodes�s or pleurectomy ( ). The current data shows that 56% (n = 28) of the pat�ents had
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2135-8.

h�gh F�-O  �n follow-up. Th�s �s cons�stent w�th the l�terature wh�ch states that the most of the
pat�ents were managed w�thout a therapeut�c procedure ( , ). S�mple asp�rat�on �s be�ng used
more frequently �n treat�ng m�n�mal pneumothoraces. A rev�ew of 91 consecut�ve cases has
revealed that th�s techn�que was espec�ally successful for pat�ents where the amount of the
pneumothorax was less than 40% of the chest s�ze ( ). A 10 years study carr�ed out at a tert�ary
ch�ldren’s hosp�tal reported that, �f �ntercostal catheter management d�d not resolve the a�r leak of a
spontaneous pneumothorax w�th�n f�ve days, surg�cal approach was necessary to accompl�sh a full
resolut�on ( ).

Authors are aware of l�m�tat�ons of the present study related to �ts s�ngle-centered and
retrospect�ve des�gn. Due to l�m�ted number of pat�ents, they were matched accord�ng to
resp�ratory and non-resp�ratory d�seases. The bas�c strengths of th�s study are the large amount of
cl�n�cal and d�agnost�c data del�vered from a tert�ary referral un�t regard�ng the ped�atr�c age group
wh�ch was not suff�c�ently emphas�zed �n the l�terature.

In conclus�on; pneumothorax �n cr�t�cally �ll ch�ldren st�ll rema�ns an �mportant �ssue related to
�ncreased morb�d�ty, mortal�ty and prolonged LOS �n hosp�tal. H�gher PRISM and PELOD scores
were assoc�ated w�th �ncreased poss�b�l�ty of pneumothorax. In the l�ght of our prel�m�nary results
hypoalbum�nem�a m�ght be a r�sk factor for pneumothorax. For further research, a mult�center
approach w�th larger sample s�ze �s requ�red �n order to underl�ne th�s poss�b�l�ty for better
management strateg�es s�nce hypoalbum�nem�a �s an eas�ly detectable and manageable f�nd�ng.

2

22 35

36

4

 Footnotes

References

https://dx.doi.org/10.1016/j.jss.2016.10.024
https://www.ncbi.nlm.nih.gov/pubmed/28457339
http://ijp.tums.pub/articles/85816.html#A85816REF22
http://ijp.tums.pub/articles/85816.html#A85816REF35
http://ijp.tums.pub/articles/85816.html#A85816REF36
http://ijp.tums.pub/articles/85816.html#A85816REF4


07.05.2020 Iran�an Journal of Ped�atr�cs | Factors Affect�ng Development of Pneumothorax �n Cr�t�cally Ill Ch�ldren: A 3-Year Study

�jp.tums.pub/art�cles/85816.html 14/16

3. Dotson K, Johnson LH. Ped�atr�c spontaneous pneumothorax. Ped�atr Emerg Care.
2012;28(7):715-20. qu�z 721-3. do�: 10.1097/PEC.0b013e31825d2dd5. [PubMed: 22766594].

4. O'Lone E, Elph�ck HE, Rob�nson PJ. Spontaneous pneumothorax �n ch�ldren: When �s �nvas�ve
treatment �nd�cated? Ped�atr Pulmonol. 2008;43(1):41-6. do�: 10.1002/ppul.20734. [PubMed: 18
041754].

5. Kamaloo A, Ahmad�pour A, Labbaf A, Hesar� E, Valadkhan� S, Zebardast J, et al. Why do
emergency med�c�ne res�dents exper�ence burn out? A qual�tat�ve study. Iran J Psych�atry.
2017;12(3):214-8. [PubMed: 29062374]. [PubMed Central: PMC5640584].

6. Hsu CW, Sun SF, Lee DL, Chu KA, L�n HS. Cl�n�cal character�st�cs, hosp�tal outcome and
prognost�c factors of pat�ents w�th vent�lator-related pneumothorax. M�nerva Anestes�ol.
2014;80(1):29-38. [PubMed: 24122035].

7. Hsu CW, Sun SF. Iatrogen�c pneumothorax related to mechan�cal vent�lat�on. World J Cr�t Care
Med. 2014;3(1):8-14. do�: 10.5492/wjccm.v3.�1.8. [PubMed: 24834397]. [PubMed Central: PMC
4021154].

8. de Lassence A, T�ms�t JF, Tafflet M, Azoulay E, Jamal� S, V�ncent F, et al. Pneumothorax �n the
�ntens�ve care un�t: �nc�dence, r�sk factors, and outcome. Anesthes�ology. 2006;104(1):5-13.
do�: 10.1097/00000542-200601000-00003. [PubMed: 16394682].

9. Eckste�n M, Henderson SO. Thorac�c trauma. In: Marx JA, Hockberger RS, Walls RM,
ed�tors. Rosen's emergency med�c�ne: Concepts and cl�n�cal pract�ce. 8th ed. Ph�ladelph�a, PA:
Elsev�er Saunders; 2014.

10. Rob�nson PD, Cooper P, Ranganathan SC. Ev�dence-based management of paed�atr�c
pr�mary spontaneous pneumothorax. Paed�atr Resp�r Rev. 2009;10(3):110-7. qu�z 117. do�: 10.
1016/j.prrv.2008.12.003. [PubMed: 19651381].

11. L�ttmann L, Proctor P. Real t�me recogn�t�on of the electrocard�ograph�c "sp�ked helmet" s�gn �n
a cr�t�cally �ll pat�ent w�th pneumothorax. Int J Card�ol. 2014;173(3):e51-2. do�: 10.1016/j.�jcard.
2014.03.105. [PubMed: 24698249].

12. Esteban A, Anzueto A, Frutos F, Al�a I, Brochard L, Stewart TE, et al. Character�st�cs and
outcomes �n adult pat�ents rece�v�ng mechan�cal vent�lat�on: A 28-day �nternat�onal
study. JAMA. 2002;287(3):345-55. do�: 10.1001/jama.287.3.345. [PubMed: 11790214].

13. Kalomen�d�s I, Moschos C, Koll�ntza A, S�gala I, Stathopoulos GT, Pap�r�s SA, et al.
Pneumothorax-assoc�ated pleural eos�noph�l�a �s tumour necros�s factor-alpha-dependent and
attenuated by stero�ds. Resp�rology. 2008;13(1):73-8. do�: 10.1111/j.1440-1843.2007.01153.x.
[PubMed: 18197914].

14. M�ller MR, Zhan C. Ped�atr�c pat�ent safety �n hosp�tals: A nat�onal p�cture �n 2000. Ped�atr�cs.
2004;113(6):1741-6. do�: 10.1542/peds.113.6.1741. [PubMed: 15173500].

15. Grac�ano AL, Balko JA, Rahn DS, Ahmad N, G�ro�r BP. The ped�atr�c mult�ple organ
dysfunct�on score (P-MODS): Development and val�dat�on of an object�ve scale to measure
the sever�ty of mult�ple organ dysfunct�on �n cr�t�cally �ll ch�ldren. Cr�t Care Med.
2005;33(7):1484-91. do�: 10.1097/01.CCM.0000170943.23633.47. [PubMed: 16003052].

https://dx.doi.org/10.1097/PEC.0b013e31825d2dd5
https://www.ncbi.nlm.nih.gov/pubmed/22766594
https://dx.doi.org/10.1002/ppul.20734
https://www.ncbi.nlm.nih.gov/pubmed/18041754
https://www.ncbi.nlm.nih.gov/pubmed/29062374
https://www.ncbi.nlm.nih.gov/pmc/PMC5640584
https://www.ncbi.nlm.nih.gov/pubmed/24122035
https://dx.doi.org/10.5492/wjccm.v3.i1.8
https://www.ncbi.nlm.nih.gov/pubmed/24834397
https://www.ncbi.nlm.nih.gov/pmc/PMC4021154
https://dx.doi.org/10.1097/00000542-200601000-00003
https://www.ncbi.nlm.nih.gov/pubmed/16394682
https://dx.doi.org/10.1016/j.prrv.2008.12.003
https://www.ncbi.nlm.nih.gov/pubmed/19651381
https://dx.doi.org/10.1016/j.ijcard.2014.03.105
https://www.ncbi.nlm.nih.gov/pubmed/24698249
https://dx.doi.org/10.1001/jama.287.3.345
https://www.ncbi.nlm.nih.gov/pubmed/11790214
https://dx.doi.org/10.1111/j.1440-1843.2007.01153.x
https://www.ncbi.nlm.nih.gov/pubmed/18197914
https://dx.doi.org/10.1542/peds.113.6.1741
https://www.ncbi.nlm.nih.gov/pubmed/15173500
https://dx.doi.org/10.1097/01.CCM.0000170943.23633.47
https://www.ncbi.nlm.nih.gov/pubmed/16003052


07.05.2020 Iran�an Journal of Ped�atr�cs | Factors Affect�ng Development of Pneumothorax �n Cr�t�cally Ill Ch�ldren: A 3-Year Study

�jp.tums.pub/art�cles/85816.html 15/16

16. Pollack MM, Patel KM, Rutt�mann UE. PRISM III: An updated ped�atr�c r�sk of mortal�ty
score. Cr�t Care Med. 1996;24(5):743-52. do�: 10.1097/00003246-199605000-00004.
[PubMed: 8706448].

17. Leteurtre S, Duhamel A, Salleron J, Grandbast�en B, Lacro�x J, Leclerc F, et al. PELOD-2: An
update of the PEd�atr�c log�st�c organ dysfunct�on score. Cr�t Care Med. 2013;41(7):1761-73.
do�: 10.1097/CCM.0b013e31828a2bbd. [PubMed: 23685639].

18. da S�lva PS, de Agu�ar VE, Fonseca MC. Iatrogen�c pneumothorax �n mechan�cally vent�lated
ch�ldren: Inc�dence, r�sk factors and other outcomes. Heart Lung. 2015;44(3):238-42. do�: 10.1
016/j.hrtlng.2015.01.005. [PubMed: 25680806].

19. Fr�edman B, Berdahl T, S�mpson LA, McCorm�ck MC, Owens PL, Andrews R, et al. Annual
report on health care for ch�ldren and youth �n the Un�ted States: Focus on trends �n hosp�tal
use and qual�ty. Acad Ped�atr. 2011;11(4):263-79. do�: 10.1016/j.acap.2011.04.002.
[PubMed: 21640682].

20. M�ller MP, Sagy M. Pressure character�st�cs of mechan�cal vent�lat�on and �nc�dence of
pneumothorax before and after the �mplementat�on of protect�ve lung strateg�es �n the
management of ped�atr�c pat�ents w�th severe ARDS. Chest. 2008;134(5):969-73. do�: 10.137
8/chest.08-0743. [PubMed: 18689581].

21. El-Nawawy AA, Al-Halawany AS, Anton�os MA, Newegy RG. Prevalence and r�sk factors of
pneumothorax among pat�ents adm�tted to a Ped�atr�c Intens�ve Care Un�t. Ind�an J Cr�t Care
Med. 2016;20(8):453-8. do�: 10.4103/0972-5229.188191. [PubMed: 27630456]. [PubMed
Central: PMC4994124].

22. Dotson K, T�mm N, G�ttelman M. Is spontaneous pneumothorax really a ped�atr�c problem? A
nat�onal perspect�ve. Ped�atr Emerg Care. 2012;28(4):340-4. do�: 10.1097/PEC.0b013e31824
d9a65. [PubMed: 22453728].

23. Gupta D, Hansell A, N�chols T, Duong T, Ayres JG, Strachan D. Ep�dem�ology of
pneumothorax �n England. Thorax. 2000;55(8):666-71. do�: 10.1136/thorax.55.8.666.
[PubMed: 10899243]. [PubMed Central: PMC1745823].

24. Zhan C, Sm�th M, Stryer D. Acc�dental �atrogen�c pneumothorax �n hosp�tal�zed pat�ents. Med
Care. 2006;44(2):182-6. do�: 10.1097/01.mlr.0000196938.91369.2a. [PubMed: 16434918].

25. Johnson NN, Toledo A, Endom EE. Pneumothorax, pneumomed�ast�num, and pulmonary
embol�sm. Ped�atr Cl�n North Am. 2010;57(6):1357-83. do�: 10.1016/j.pcl.2010.09.009.
[PubMed: 21111122].

26. K�tt�sakmontr� K, Reungrongrat S, Lao-Araya M. Hypoalbum�naem�a at adm�ss�on pred�cts the
poor outcomes �n cr�t�cally �ll ch�ldren. Anaesthes�ol Intens�ve Ther. 2016;48(3):158-61. do�: 10.
5603/AIT.a2016.0028. [PubMed: 27198541].

27. Weg JG, Anzueto A, Balk RA, W�edemann HP, Patt�shall EN, Schork MA, et al. The relat�on of
pneumothorax and other a�r leaks to mortal�ty �n the acute resp�ratory d�stress syndrome. N
Engl J Med. 1998;338(6):341-6. do�: 10.1056/NEJM199802053380601. [PubMed: 9449726].

28. N�cholson JP, Wolmarans MR, Park GR. The role of album�n �n cr�t�cal �llness. Br J Anaesth.

https://dx.doi.org/10.1097/00003246-199605000-00004
https://www.ncbi.nlm.nih.gov/pubmed/8706448
https://dx.doi.org/10.1097/CCM.0b013e31828a2bbd
https://www.ncbi.nlm.nih.gov/pubmed/23685639
https://dx.doi.org/10.1016/j.hrtlng.2015.01.005
https://www.ncbi.nlm.nih.gov/pubmed/25680806
https://dx.doi.org/10.1016/j.acap.2011.04.002
https://www.ncbi.nlm.nih.gov/pubmed/21640682
https://dx.doi.org/10.1378/chest.08-0743
https://www.ncbi.nlm.nih.gov/pubmed/18689581
https://dx.doi.org/10.4103/0972-5229.188191
https://www.ncbi.nlm.nih.gov/pubmed/27630456
https://www.ncbi.nlm.nih.gov/pmc/PMC4994124
https://dx.doi.org/10.1097/PEC.0b013e31824d9a65
https://www.ncbi.nlm.nih.gov/pubmed/22453728
https://dx.doi.org/10.1136/thorax.55.8.666
https://www.ncbi.nlm.nih.gov/pubmed/10899243
https://www.ncbi.nlm.nih.gov/pmc/PMC1745823
https://dx.doi.org/10.1097/01.mlr.0000196938.91369.2a
https://www.ncbi.nlm.nih.gov/pubmed/16434918
https://dx.doi.org/10.1016/j.pcl.2010.09.009
https://www.ncbi.nlm.nih.gov/pubmed/21111122
https://dx.doi.org/10.5603/AIT.a2016.0028
https://www.ncbi.nlm.nih.gov/pubmed/27198541
https://dx.doi.org/10.1056/NEJM199802053380601
https://www.ncbi.nlm.nih.gov/pubmed/9449726


07.05.2020 Iran�an Journal of Ped�atr�cs | Factors Affect�ng Development of Pneumothorax �n Cr�t�cally Ill Ch�ldren: A 3-Year Study

�jp.tums.pub/art�cles/85816.html 16/16

2000;85(4):599-610. do�: 10.1093/bja/85.4.599. [PubMed: 11064620].

29. De Smedt A, Vanderl�nden E, Demanet C, De Waele M, Goossens A, Noppen M.
Character�sat�on of pleural �nflammat�on occurr�ng after pr�mary spontaneous
pneumothorax. Eur Resp�r J. 2004;23(6):896-900. do�: 10.1183/09031936.04.00079304.
[PubMed: 15219004].

30. Lew TW, Kwek TK, Ta� D, Earnest A, Loo S, S�ngh K, et al. Acute resp�ratory d�stress
syndrome �n cr�t�cally �ll pat�ents w�th severe acute resp�ratory syndrome. JAMA.
2003;290(3):374-80. do�: 10.1001/jama.290.3.374. [PubMed: 12865379].

31. W�lkerson RG, Stone MB. Sens�t�v�ty of beds�de ultrasound and sup�ne anteroposter�or chest
rad�ographs for the �dent�f�cat�on of pneumothorax after blunt trauma. Acad Emerg Med.
2010;17(1):11-7. do�: 10.1111/j.1553-2712.2009.00628.x. [PubMed: 20078434].

32. Rowan KR, K�rkpatr�ck AW, L�u D, Forkhe�m KE, Mayo JR, N�colaou S. Traumat�c
pneumothorax detect�on w�th thorac�c US: Correlat�on w�th chest rad�ography and CT--�n�t�al
exper�ence. Rad�ology. 2002;225(1):210-4. do�: 10.1148/rad�ol.2251011102. [PubMed: 123550
07].

33. Lobo V, We�ngrow D, Perera P, W�ll�ams SR, Gharahbagh�an L. Thorac�c ultrasonography. Cr�t
Care Cl�n. 2014;30(1):93-117. v-v�. do�: 10.1016/j.ccc.2013.08.002. [PubMed: 24295842].

34. Yarmus L, Feller-Kopman D. Pneumothorax �n the cr�t�cally �ll pat�ent. Chest.
2012;141(4):1098-105. do�: 10.1378/chest.11-1691. [PubMed: 22474153].

35. W�lcox DT, Gl�ck PL, Karamanouk�an HL, Allen JE, Az�zkhan RG. Spontaneous pneumothorax:
A s�ngle-�nst�tut�on, 12-year exper�ence �n pat�ents under 16 years of age. J Ped�atr Surg.
1995;30(10):1452-4. do�: 10.1016/0022-3468(95)90405-0. [PubMed: 8786487].

36. Chan SS, Lam PK. S�mple asp�rat�on as �n�t�al treatment for pr�mary spontaneous
pneumothorax: Results of 91 consecut�ve cases. J Emerg Med. 2005;28(2):133-8. do�: 10.101
6/j.jemermed.2004.11.001. [PubMed: 15707806].

https://dx.doi.org/10.1093/bja/85.4.599
https://www.ncbi.nlm.nih.gov/pubmed/11064620
https://dx.doi.org/10.1183/09031936.04.00079304
https://www.ncbi.nlm.nih.gov/pubmed/15219004
https://dx.doi.org/10.1001/jama.290.3.374
https://www.ncbi.nlm.nih.gov/pubmed/12865379
https://dx.doi.org/10.1111/j.1553-2712.2009.00628.x
https://www.ncbi.nlm.nih.gov/pubmed/20078434
https://dx.doi.org/10.1148/radiol.2251011102
https://www.ncbi.nlm.nih.gov/pubmed/12355007
https://dx.doi.org/10.1016/j.ccc.2013.08.002
https://www.ncbi.nlm.nih.gov/pubmed/24295842
https://dx.doi.org/10.1378/chest.11-1691
https://www.ncbi.nlm.nih.gov/pubmed/22474153
https://dx.doi.org/10.1016/0022-3468(95)90405-0
https://www.ncbi.nlm.nih.gov/pubmed/8786487
https://dx.doi.org/10.1016/j.jemermed.2004.11.001
https://www.ncbi.nlm.nih.gov/pubmed/15707806

