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Purpose: Spontaneous pneumothorax (SP), which is usually characterized by sudden chest pain and shortness of breath, can occur at
any age. In this study, patients with SP across various age groups were enrolled, and their clinical features and prognoses were
compared.

Patients and Methods: The patients were divided into three groups: neonates (n=52), adolescents/adults (n=76), and elderly (n=70).
All patients were followed up for two years. The patients’ clinical characteristics, treatments, laboratory indicators on admission, and
symptoms over two years were collected and compared. Additionally, as most patients in the elderly group had chronic obstructive
pulmonary disease (COPD), data about patients’ lung function tests and medication were also analyzed.

Results: Compared with adolescents/adults (6.45+£0.24 days), patients with SP in the neonate and elderly groups had more
comorbidities, resulting in a longer hospital stay (13.85+0.34 days in neonates and 9.50+0.36 days in the elderly). The main
comorbidities in the latter two groups were neonatal asphyxia (17/52) and COPD (48/70), respectively. During the two-year follow-
up period, elderly patients with SP had more long-term respiratory symptoms, including coughing, expectoration, and dyspnea, than
those in the other two groups. Analysis of the main subgroup (48 COPD cases) in the elderly group revealed that, in the two years after
the occurrence of pneumothorax, acute exacerbation times increased; group E cases/(A+B) cases were 4/44, 4/44, 5/43, and 7/41 every
6 months respectively. Additionally, lung function indexes (FEV1, FVC, MEF;s 50 75) decreased.

Conclusion: Compared to adolescents and adults, newborn and elderly patients with SP are more prone to comorbid lung diseases
and longer hospitalization times. The prognosis of neonates is significantly better than the other groups. Increased frequency of acute
exacerbations and a deteriorating trend in pulmonary function were observed in patients with COPD after discharge.
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Introduction

The pleural cavity, formed by the transition between the visceral and parietal pleura at the root of the lung, is a potential
space.! A small amount of serous fluid, but no gas, can be found inside the pleural cavity, which is important for friction
reduction, negative pressure maintenance, lung expansion, and blood and lymph reflux.> Pneumothorax occurs when air
is present in the pleural space and is usually associated with visceral or parietal membrane damage.® Based on etiology,
pneumothorax is classified as spontaneous (primary vs secondary) or acquired (iatrogenic vs traumatic), with the former
accounting for a greater proportion of cases. Based on pathophysiology, it is divided into closed/simple, open, and
tension/high-pressure pneumothorax.* The main symptoms of spontaneous pneumothorax (SP) are sudden chest pain and
shortness of breath, often accompanied by other discomfort such as cough.’ As a life-threatening emergency, patients
with SP, especially those with large areas of lung compression, require prompt recognition and timely treatment,
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including oxygen inhalation and closed thoracic drainage.® In terms of epidemiology, SP occurs at any age, with an
incidence ranging from 6 to 66 per 100,000 per year and a one-year recurrence rate of 29%. A bimodal age distribution is
observed, with a high frequency in 15- to 30-year-old individuals and in those >65 years old.* In contrast to younger
patients, who generally develop primary SP (PSP) in the absence of underlying pulmonary diseases, elderly patients often
develop secondary SP (SSP) related to basic lung disorders, such as chronic obstructive pulmonary disease (COPD),
emphysema, interstitial lung diseases, and pulmonary infection.” Meanwhile, SP is also common in neonates because of
risk factors such as meconium aspiration, lung immaturity, and infections.® Population characteristics, disease onset,
clinical features, and prognosis vary among different age groups.

Considering that SP can occur at any age and is a common complication of COPD, determining the clinical
characteristics and long-term prognoses of different age groups is necessary to improve our understanding of the
condition. In this study, patients with SP in various age groups were enrolled and followed up for two years. The
patients’ clinical characteristics, treatments, laboratory indicators on admission, and symptoms over two years (6, 12, 18,
and 24 months) were collected, compared, and summarized. To the best of our knowledge, this study is the first to
investigate the characteristics of patients with SP in different age groups with long-term follow-up.

Materials and Methods
Subjects

Patients diagnosed with SP who were admitted to the respiratory, thoracic surgery, and neonatology departments of our
hospital between January 2020 and June 2022 were recruited. Patients with acquired pneumothorax caused by inva-
sive medical procedures or trauma were excluded. Data were collected from medical records, including demographic
information, imaging, treatment during hospitalization, and laboratory indicators. Patients were divided into three groups
based on age: neonates (<28 days), adolescents/adults (>10 and <65 years), and elderly (>65 years). Pneumothorax size
was calculated as the ratio of the cubed diameters of the collapsed lung and hemithorax on chest radiography, as follows:

average lung diameter’

neumot horax size|%|= 100 x |1— - ;
p (% average hemithorax diameter3

Treatment

Oxygen inhalation is routine therapy for patients with SP. For newborns with severe pneumonia and acute respiratory
distress syndrome (ARDS), mechanical ventilation is essential, with continuous positive airway pressure (CPAP) as the
most commonly used ventilation mode. Closed thoracic drainage was performed for patients with a lung compression
area of >33%. In the adolescent/adult and elderly groups, majority of patients underwent closed thoracic drainage,
accounting for 65.79% and 70%, respectively. In addition, some patients with emphysematous bullae complicating SP
underwent thoracoscopic bullectomy.

Follow-Up

All patients were followed up for two years after discharge. The main symptoms, such as cough, expectoration, chest
pain, palpitations, and dyspnea, were recorded semi-annually. Additionally, since majority in the elderly group had
concomitant COPD, detailed statistical analysis of this subgroup was performed. Lung function indices, acute exacer-
bation frequency, and changes in medications were assessed every six months in the COPD subgroup. All procedures
were conducted according to the principles of the Declaration of Helsinki. Informed consent was obtained from the
participants or their guardians.

Statistical Analysis

Microsoft Excel (Microsoft; Redmond, WA, USA) and SPSS version 26.0 (IBM; Chicago, IL, USA) were used for data
collection and analysis. Count data, such as sex and comorbidities, were displayed as numbers and percentages (%). Chi-
square test was used for comparison of variables among the three groups. Continuity-adjusted formula and Fisher’s exact
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test was adopted for chi-square test if the value of the expected cases in one cell was >1 but <5 or <1 in the table Data
with normal distribution were expressed as mean =+ standard deviation and analyzed using student’s ¢ test or one-
way ANOVA for comparison among groups. For non-normally distributed variables, the Mann—Whitney U-test was
performed. The length of hospital stay was compared among the three groups using the Kaplan—-Meier method. A two-
tailed P<0.05 was considered statistically significant.

Results

Population Characteristics

Our study recruited 198 patients diagnosed with SP on imaging, including both PSP and SSP. Patients were divided into
neonatal (n=52), adolescent/adult (n=76), and elderly (n=70) groups according to age. As seen in Tables 1 and 2, the
main symptoms/signs in adolescents/adults and elderly patients were cough (30/76, 62/70), expectoration (11/76, 36/70),

Table | Baseline Demographic and Clinical Characteristics of the Three Groups

Characteristics Neonatus (n=52) Adolescent/Adult (n=76) Elderly (n=70) P value
Gender >0.05
Male 28 (53.85%) 46 (60.53%) 52 (74.29%)
Female 24 (46.15%) 30 (39.47%) 18 (25.71%)
Age (days/years/years) 0.12+0.03 29.34+2.85 72.49+5.98 <0.00%*
Smoking status <0.05*
Never - 35 (46.05%) 21 (30.00%)
Ever - 41 (53.95%) 49 (70.00%)
Infant type -
Preterm (<37 GW) 7 (13.46%) - -
Term (2 37GW) 45 (86.54%) - -
SP Type <0.00%*
PSP 43(82.69%) 72(94.74%) 18(25.71%)
SSP 9(17.31%) 4(5.26%) 52(74.29%)
Pneumothorax position >0.05
Left 29(55.77%) 39(51.32%) 33(47.14%)
Right 20(38.46%) 37(48.68%) 37(52.86%)
Bilateral 3(5.77%) 0(0.00%) 0(0.00%)
Pneumothorax classification <0.05*
Closed 52(100.00%) 72(94.74%) 61(87.14%)
Open 0(0.00%) 4(5.26%) 9(12.86%)
Lung compression area <0.00%*
<1/3 35(67.31%) 15(19.74%) 12(17.14%)
>1/3, £2/3 17(32.69%) 44(57.89%) 49(70.00%)
>2/3 0(0.00%) 17(22.37%) 9(12.86%)
(Continued)
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Table | (Continued).

Characteristics Neonatus (n=52) Adolescent/Adult (n=76) Elderly (n=70) P value

Commodity
COPD - 2(2.63%) 48(68.57%) <0.00*
Pulmonary infection 3(5.77%) 2(2.63%) 12(17.14%) <0.05%
Asthma - 3(3.95%) 0(0.00%) >0.05
Lung cancer - 0(0.00%) 4(5.71%) 0.05
Acute respiratory distress syndrome 14(26.92%) 3(3.95%) 8(11.43%) <0.01*
Transient tachypnea of the newborn 15(28.85%) - - -
Meconium aspiration syndrome 9(17.31%) - - -
Neonatal asphyxia 17(32.69%) - - -
Coronary heart disease - 6(7.89%) 21(30.00%) <0.01*
Hypertension - 6(7.89%) 14(20.00%) 0.03*
Type 2 diabetes - 8(10.53%) 11(15.71%) >0.05

Biochemical index
BMI 13.03+2.56 22.85+3.78 23.21+4.07 <0.00%*
PH 7.36+0.83 7.39+0.46 7.39£0.52 >0.05
PO, (mmHg) 81.94+£7.74 83.27+6.39 77.68+8.32 <0.00*
PCO, (mmHg) 34.37+2.98 33.49+3.14 44.89+4.06 <0.00*
WBC (¥10°/L) 7.38+0.25 8.931£0.46 9.01£1.02 >0.05
HGB (g/L) 130.05+9.14 129.37£10.56 132.43£10.95 >0.05
PLT (/L) 218.48+12.37 205.83+14.38 217.74+12.66 >0.05
ALB (g/L) 39.34+2.65 40.27+3.21 39.48+4.03 >0.05
Creatinine (umol/L) 80.42+7.26 79.84+7.53 78.27+8.06 >0.05
BUN (mmol/L) 5.28+0.23 5.12£0.71 5.06+0.93 >0.05

Main treatments

Oxygen inhalation
Low flow (£2L/min) 8(15.38%) 11(14.47%) 5(7.14%) >0.05

Medium/high flow (>2L/min) 12(23.08%) 65(85.52%) 65(92.86%) <0.00*
Mechanical ventilation 32(61.54%) 0(0.00%) 1(1.43%) <0.00%*
Closed thoracic drainage 0(0.00%) 50(65.79%) 49(70.00%) <0.00%
Antibiotic 28(53.85%) 32(42.11%) 48(68.57%) >0.05

Note: *A two-tailed P<0.05 means statistically significance.

Abbreviations: GV, gestational week; SP, Spontaneous pneumothorax; PSP, Primary Spontaneous pneumothorax; SSP, Secondary Spontaneous pneu-
mothorax; COPD, Chronic obstructive pulmonary disease; BMI, Body mass index; WBC, White blood cell; HGB, Hemoglobin; PLT, Platelet; ALB, Albumin;
BUN, Blood urine nitrogen; CRP, C-reactive protein.
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Table 2 Clinical Symptoms and Prognosis of the Three Groups in Two Years
Clinical symptoms Infants/Children (n=52) | Adolescent/Adult (n=76) | Elderly (n=70) | P value
On admission
Cough 0(0.00%) 30(39.47%) 62(88.57%) <0.00*
Expectoration 0(0.00%) 11(14.47%) 36(51.43%) <0.00*
Chest pain - 52(68.42%) 48(68.57%) >0.05
Hemoptysis 0(0.00%) 2(2.63%) 4(5.71%) >0.05
Palpitate - 33(43.42%) 40(57.14%) >0.05
Respiratory distress/Dyspnoea 50(96.15%) 42(55.26%) 58(82.86%) <0.00%*
Cyanochroia 28(53.85%) 2(2.63%) 4(5.71%) <0.00*
Death 1(1.92%) 0(0.00%) 1(1.43%) >0.05
After 6 months
Cough 0(0.00%) 19(25.00%) 51(73.91%) <0.00*
Expectoration 0(0.00%) 2(2.63%) 30(43.48%) <0.00*
Chest pain - 4(5.26%) 9(13.04%) <0.00%*
Hemoptysis 0(0.00%) 0(0.00%) 0(0.00%) >0.05
Palpitate - 6(7.89%) 23(33.33%) <0.00*
Dyspnoea 0(0.00%) 9(11.84%) 23(33.33%) <0.00*
Cyanochroia 0(0.00%) 1(1.32%) 5(7.25%) >0.05
Death 0(0.00%) 0(0.00%) 1(1.45%) >0.05
Recurrence 0(0.00%) 2(2.63%) 3(4.35%) >0.05
After 12 months
Cough 0(0.00%) 15(19.74%) 45(66.18%) <0.00*
Expectoration 0(0.00%) 3(3.95%) 23(33.82%) <0.00*
Chest pain - 1(1.32%) 8(11.76%) <0.05%
Hemoptysis 0(0.00%) 00(0.00%) 00(0.00%) >0.05
Palpitate - 3(3.95%) I1(16.18%) <0.05*
Dyspnoea 0(0.00%) 6(7.89%) 29(42.65%) <0.05*
Cyanochroia 0(0.00%) 0(0.00%) 4(5.88%) <0.05*
Death 0(0.00%) 0(0.00%) 1(1.47%) >0.05
Recurrence 0(0.00%) 4(5.26%) 6(8.82%) >0.05
After 18 months
Cough 0(0.00%) 11(14.47%) 42(62.69%) <0.00*
Expectoration 0(0.00%) 4(5.26%) 21(31.34%) <0.00*
Chest pain - 0(0.00%) 6(8.96%) <0.00*
(Continued)
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Table 2 (Continued).

Clinical symptoms Infants/Children (n=52) | Adolescent/Adult (n=76) | Elderly (n=70) | P value
Hemoptysis 0(0.00%) 0(0.00%) 0(0.00%) >0.05
Palpitate - 4(5.26%) 9(13.43%) >0.05
Dyspnoea 0(0.00%) 3(3.95%) 22(32.84%) <0.00*
Cyanochroia 0(0.00%) 0(0.00%) 4(5.97%) <0.05*

Death 0(0.00%) 0(0.00%) 0(0.00%) >0.05

Recurrence 0(0.00%) 3(3.95%) 4(5.97%) >0.05

After 24 months

Cough 0(0.00%) 9(11.84%) 42(62.69%) <0.00*
Expectoration 0(0.00%) 4(5.26%) 20(29.85%) <0.00*
Chest pain - 0(0.00%) 3(4.48%) >0.05
Hemoptysis 0(0.00%) 0(0.00%) 0(0.00%) >0.05
Palpitate - 4(5.26%) 4(5.97%) >0.05
Dyspnoea 0(0.00%) 3(3.95%) 15(22.39%) <0.00*
Cyanochroia 0(0.00%) 0(0.00%) 3(4.48%) >0.05
Death 0(0.00%) 0(0.00%) 2(2.99%) >0.05
Recurrence 0(0.00%) 0(0.00%) 2(2.99%) >0.05

Note: *A two-tailed P<0.05 means statistically significance.

chest pain (52/76, 48/70), palpitations (33/76, 40/70), dyspnea (42/76, 58/70), and cyanochroia (2/76, 4/70). Meanwhile,
neonates with pneumothorax mainly showed signs of respiratory distress (50/52) and cyanochroia (28/52). In contrast to
patients with SP in the adolescent/adult group, SP patients in the neonatal and elderly groups had high incidence rates of
basic lung disorders or other underlying diseases (Table 1). Neonatal asphyxia (17/52), acute respiratory distress
syndrome (14/52), transient tachypnea (15/52), and meconium aspiration syndrome (9/52) were particularly common.
In the elderly group, patients with SP were more likely to have COPD (48/70), pneumonia (12/70), coronary heart
disease (21/70), and hypertension (14/70) (all P<0.05). Compared to the other groups, patients in the elderly group
tended to have a higher proportion of SSP (74.29%), which was closely related to pulmonary diseases such as COPD. SP
patients in the neonatal and elderly groups had longer hospital stays than those in the adolescent/adult group (13.85+0.34
days vs 9.50+0.36 days vs 6.45+0.24 days) (Figure 1). Compared to the neonatal group, SP patients in the adolescent/
adult and elderly groups tended to have higher rates of severe lung compression, requiring closed thoracic drainage
(P<0.05). In addition, deteriorating blood gas analysis indicators, such as low oxygen and high carbon dioxide partial
pressures, were observed in elderly patients (P<0.05).

Follow-Up (Every 6 Months)

Table 2 provides information on sustained symptoms in the three groups during follow-up. We compared the common
clinical manifestations among the three groups every six months for two years. The data showed that positive symptoms
were most frequent in elderly SP patients than in the other age groups. Specifically, at 6-month follow-up, elderly patients
had high rates of cough (51/69), expectoration (30/69), chest pain (9/69), palpitations (23/69), dyspnea (23/69), and
cyanochroia (5/69) (all P<0.05). On 12-month follow-up, although the proportion of patients experiencing discomfort
declined in the elderly group (cough: 45/68, expectoration: 23/68, chest pain: 8/68, palpitations: 11/68, dyspnea: 29/68,
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Figure | Comparison of the hospitalization days among three groups. *A two-tailed P<0.05 means statistically significance.
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cyanochroia: 4/68), it was still higher than that in neonates or adolescents/adults. On follow-up after 18 to 24 months, this

difference was still present (P<0.05). In addition, four patients died of pulmonary diseases in the elderly group during the

follow-up period.

Analysis of COPD Patients with SP

Since majority of elderly SP patients also had COPD, further analysis of the clinical features of this patient subgroup was

performed. As seen in Table 3, after recovery from pneumothorax, the patients’ lung function indicators (FEV1, FVC,

MEF;s s50.75) gradually deteriorated during the two-year follow-up period (P<0.05). Although no statistically significant

difference was observed, an elevated trend could still be seen in terms of the frequency of acute exacerbation and number

Table 3 Lung Function Indexes and Clinical Characteristics of the Patients with COPD in Two Years

International Journal of General Medicine 2024:17

Dove:

COPD Patients (48 cases) | Before Admission | After 6 Months | After 12 Months | After 18 Months | P Value
FEV, (L) 2.16£0.63 1.92+0.29 1.75£0.71 1.34+0.48 <0.05*
FVC(L) 3.25£1.02 3.00+0.78 2.87+0.81 2.69+0.58 <0.05*
FEV/FVC(%) 66.16+9.83 63.16+8.74 61.98+10.16 54.76+6.53 <0.05*
MEF,s 1.01£0.42 0.84+0.16 0.79 £0.21 0.63+0.33 <0.5%*
MEFsq 3.38%1.06 2.96+0.53 2.61+0.46 2.44%1.02 <0.05*
MEF;5 6.08x1.82 5.21+1.28 4.86x1.37 4.15+1.64 <0.05*

Treatments
LAMA 6 4 4 2 >0.05
ICS+LABA 20 23 25 26 >0.05
ICS+LABA+LAMA 5 7 8 10 >0.05
Others 23 20 17 16 >0.05
CAT score 20.38+0.14 21.25+0.15 22.31+0.21 23.9610.22 <0.00*
mMRC grade 1.81+0.08 1.96+0.08 2.10£0.09 2.35£0.09 <0.00*

(Continued)
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Table 3 (Continued).

COPD Patients (48 cases) | Before Admission | After 6 Months | After 12 Months | After 18 Months | P Value
Group
A 12 9 6 2 >0.05
B 32 35 37 39 >0.05
E 4 4 5 7 >0.05

Note: *A two-tailed P<0.05 means statistically significance.
Abbreviations: COPD, Chronic obstructive pulmonary disease; FEV, Forced expiratory volume in the first second; FVC, Forced vital capacity; MEF,
Maximal expiratory flow; LAMA, Long acting anticholinergic antagonists; ICS, Inhaled corticosteroids; LABA, Long lasting effect 3, receptor agonists.

of patients with COPD in group E; evaluated every six months for two years, the group E cases/(A+B) cases were 4/44,
4/44, 5/43, and 7/41.

Discussion

In this study, we found that neonates and elderly SP patients tended to have more comorbidities and longer hospital stays
than adolescents/adults with SP. Further comparisons among the groups indicated that the long-term prognosis was worst
in the elderly group. From these data, clinicians can develop a deeper interpretation of the clinical features and long-term
prognosis of SP in patients of different ages.

SP may have an insidious or acute onset, results in respiratory difficulty, and may be life-threatening. Typically, SP
has a peak incidence in two age categories: PSP is more frequently seen in those between 15 to 34 years old, while SSP is
inclined to occur in the elderly (>65 years old).”'® Based on our study, SSP comprised a high percentage of SP in elderly
patients (74.29%), while accounting for only 17.31% and 5.26% of SPs in the neonatal and adolescent/adult groups,
respectively. Moreover, the majority of newborn patients with SP in our study had comorbidities, which were similar to
those listed in the study by Andersson et al, namely asphyxia (28/75), respiratory distress syndrome (20/75), transient
tachypnea of the newborn (18/75), and meconium aspiration syndrome (14/75)."" In studies by Halibullah et al and Joshi

et al, 1213

respiratory distress syndrome, which accounted for 39% and 35.5%, respectively, was the most common
underlying lung disease in neonates with SP, followed by transient tachypnea of the newborn (8%, 14.2%) and meconium
aspiration syndrome (6%, 11.3%).

Clinical manifestations often depend on pneumothorax size.'* Compared to newborns, a higher proportion of
adolescent/adult and elderly patients in our study had a pneumothorax size >33% and developed disease progression
during hospitalization. Common symptoms/signs were cough, expectoration, chest pain, hemoptysis, palpitations,
dyspnea, and cyanochroia; the frequencies of symptoms were consistent with those summarized in a previous review
(dyspnea: 45-93%, chest pain: 17-92%, cough: 20-43%, and unilateral diminished breath sounds: 73-81%).">"!” As for
neonates, patients with SP have been previously reported to present with tachypnea, cyanosis, grunting and retractions,
bradycardia, decreased breath sounds, nasal flaring, or increased respiratory rate.'®'? In our study, neonates with SP
mainly presented with respiratory distress/dyspnea or cyanochroia, reminding pediatricians to carefully observe newborn
signs to avoid misdiagnosis. Regarding prognosis, long-term follow-up studies revealed that PSP recurrence rate ranged
from 16-52%, often within one year, while SSP showed a higher recurrence rate of 40—56%, usually within 6 months.?’
The one-year recurrence rate of PSP in our study was 6/76 (7.89%) in the adolescent/adult group, which was slightly
lower than that reported in other studies from Taiwan, China,?' and Thailand.*> Similarly, the prognosis of patients with
SSP was better in our study, with a one-year relapse rate of 9/69 (13.04%), which may be explained by the progress in
treatments for underlying disorders such as COPD.?*?* In addition, neonates with SP had a satisfactory prognosis with
a low mortality rate of 1/52, which was lower than that in the study by Jovandaric et al,** owing to differences in patient
characteristics, as majority of newborns in our study were term infants. In addition, our study demonstrated an
association between SSP and decreased lung function, as well as increased frequency of acute exacerbations in SP
patients with COPD, which had not been evaluated previously. This could be related to considerable lung compression
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accompanying a pneumothorax, which often requires closed thoracic drainage or thoracoscopic repair. Additionally,
postoperative lung adhesions may have adverse effects on lung function.”®

Conclusion

Compared to adolescent/adult patients, newborn and elderly patients with SP have more comorbid lung conditions and
longer hospital stays. The prognosis of neonates is significantly better than that of elderly patients. For COPD patients
who develop SP, increased frequency of acute exacerbations and deteriorating pulmonary function were observed on
follow-up.

Abbreviations

SP, Spontaneous pneumothorax; PSP, Primary spontaneous pneumothorax; SSP, Secondary spontaneous pneumothorax;
COPD, Chronic obstructive pulmonary disease; ARDS, Acute respiratory distress syndrome; CPAP, Continuous positive
airway pressure; FEV, Forced expiratory volume in the first second; FVC, Forced vital capacity; MEF, Maximal
expiratory flow.
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