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ABSTRACT: From 1975 until 1987, 122 patients without (Group I, mean 
age 34 yn) and 20 with pre-existing lung disease (Group II, mean age 66 
yn) were treated for their Orst spontaneous pneumothorax. Mean follow
up was 5.2 yrs (max. 12.8 yrs). There were 32 chest X-ray verified recur
rences, 72% occurring during the first 2 yn. One, 5 and 10 yr cumulative 
recurrence freedoms :tstandard error In groups I and 11 combined were 
85:t3%, 75:t4% and 69:t5%, respectively. Using Cox regression analysis in 
groups I and 11 combined, pulmonary fibrosis, age :£60 yrs, and height/ 
weight ratio were Independent predictors of recurrence. Combinations of 
these risk factors ldentifled four risk strata with 10 yr recurrence freedoms 
ranging f'rom 83-0%. Independent predictors In group I alone were pul
monary fibrosis, age :£60 yrs, height/weight ratio, and nonsmoking, resulting 
In four risk strata with 10 yr recurrence freedoms ranging from 9S-31 %. 
Recurrences aner flrst-tlme treated spont.aneous pneumothora.x showed a 
distinct time-related pattern and should accordingly be analysed as a time
related event. In both the total patient-population and In the group with
out pre-existing lung disease, Independent predictors of recurrence were 
Identified, which allowed the patients to be substratitied Into groups with 
widely different recurrence rates. 
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Recurrence after primary spontaneous pneumothorax 
has been dealt with in several reports [1-11]. All of 
these studies described the recurrence pattern at fixed 
points of follow-up, without correcting for differences 
in observation period (months to years) of the patients. 
To our knowledge, the recurrence rate described as a 
time-related event has not previously been reported. 

The aim of the present study was to chart the 
recurrence rate after the first primary spontaneous 
pneumothorax by the use of the proper time-related 
statistical methods. Furthermore, by applying the 
multivariate proportional hazard regression model for 
time-related events introduced by Cox [12], we wanted 
to identify independent determinants of recurrence. 

Material and methods 

From January 1975 until December 1987, 142 patients 
underwent treatment of their first spontaneous 
pneumothorax. All had the diagnosis confirmed by chest 
X-ray. Patients with iatrogenic, traumatic, or secondary 
(to primary or secondary lung/pleural cancer, 

tuberculosis, sarcoidosis etc.), pneumothorax were ex
cluded, and so were patients referred to the present centre 
after having received primary treatment at other 
hospitals. 

Our standard treatment consisted of pleural 
tubulation (Petzer catheter no. 32) during local 
anaesthesia in the second or third intercostal space in the 
mid-clavicular line. Some patients had the tube placed 
in the fourth or fifth intercostal space in the anterior/ 
mid-axillary line for cosmetic reasons. Suction (15 
cmHp) was applied to the catheter via a water-lock 
system. During the majority of the study period, standard 
tubulation-time was ten days. From 1984 the tube was 
occluded on the third day if a chest X-ray revealed 
a fully expanded lung: if a chest X-ray after another 
24 h still showed the lung to be fully expanded, the 
tube was removed. A few patients with pneumothorax 
of less than 2 cm were treated conservatively or 
exsufflated (chest X-ray control after 1 and 7 days). 
Operation (subsegmentary resection or decortication) was 
usually performed after failure of the second tube. All 
patients were controlled with chest X-ray 1 wk after the 
end of treatment. 
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Definitions 

Pre-existing lung disease was recorded in the case of 
medically treated bronchial asthma/chronic obstructive 
lung disease, and heart disease in the case of medically 
treated congestive heart failure, angina pectoris, systemic 
hypertension and/or previous myocardial infarction 
(electrocardiogram (ECG) and serum-enzyme verifica
tion). Height/weight ratio was calculated as height (cm) 
divided by body weight (kg), adding 0.22 to the ratio for 
men; 0.22 is the average difference between height 
divided by body weight of women and men having 
desirable weight according to height and body frame [13). 
From the anteroposterior chest X-ray the square area of 
the pneumothorax, of the mediastinum (AMe), and of 
internal thorax (ATh) was determined in cm2 using 
planimetry. Relative pneumothorax size was calculated 
in percentage of total lung area (ATh - AMe). 

Follow-up 

Pretreatment and treatment data were drawn from 
the hospital records. All patients who were discharged 
alive were checked for possible recurrence of 
pneumothorax by the use of the national computerized 
personal register and a computerized system register
ing all hospital contacts. The records from these 
contacts were checked. The primary physician was 
contacted whenever necessary, and in all cases if the 
patient had died after discharge without additional 
hospital contacts. All patien~s who were alive at the 
end-of-study in June 1988 (n=125) answered an 
extensive mailed questionnaire, which for some patients 
was extended by telephone contact. Pneumothorax 
recurrence was recorded in case of X-ray verification. 
Smoking habits at the time of admission with 
first spontaneous pneumothorax were available 
from the hospital records in all patients, and checked 
in the questionnaire. Smoking habits at end-of-study, 
and thereby changes in habits since primary admission, 
were also recorded. A total of 17 patients had died; death 
certificates were available in all cases and autopsy re
ports in 5 out of 7 early deaths (:s30 days) and in 2 out 
of 10 late deaths. A total of 745 patient-years at risk 
were collected for all 142 patients (1 day to 12.8 yrs, 
mean 5.2 yrs, minimum 6 months for those who were 
still alive). 

Statistical analysis 

All tests were computerized using the BMDP statistical 
software package [14). Comparisons between groups 
were performed using the standard Chi-squared test or 
the non-paired t-test whenever appropriate. Cumulative 
survival curves and pneumothorax recurrence-free 
curves were made using the Kaplan-Meier product
limit method and differences between curves tested 
with the Log-Rank and the Gehan tests. For identifica-

tion of independent predictors of pneumothorax 
recurrence, the Cox regression analysis [12) was used. 
All variables given in table 1 were considered. 
Description of the Cox model and of our formalized 
test sequence have been published previously [15-17]. 
The level of statistical significance was chosen as 
0.05. 

Results 

Pretreatment and treatment data relative to absence 
and presence of pre-existing lung disease are given 
in table 1. Patients with lung disease were significantly 
older, had a higher prevalence of heart disease, of 
emphysema and pulmonary fibrosis on chest X-ray, and 
were more affected by their pneumothorax in terms of 
dyspnoea at rest and cyanosis, despite a lower pneu
mothorax area and relative pneumothorax size. The two 
groups did not differ with regard to treatment param
eters. Cumulative 5 yr survival::t:SE was 37:2:13% in 
patients with pre-existing lung disease, (death caused by 
respiratory insufficiencylbroncho pneumonia in nine pa
tients, congestive heart failure in three, gastrointestinal 
cancer in one), and 96::t:2% (p<0.0001) in those without 
(death caused by empyema in one patient, complete right
sided pneumothorax in one, gastrointestinal cancer in 
one and automobile accident in one). 

A total of 32 patients experienced pneumothorax 
recurrence after discharge. The cumulative freedom from 
recurrence is shown in figure 1; 72% of the recurrences 
occurred during the first two years. Patients with pre
existing lung disease tended to have a higher recurrence 
rate than those without (fig. 1). Recurrence pattern in 
relation to smoking habits is shown in figure 2. 
Ex-smokers (for more than one year before their first 
pneumothorax) did not experience recurrences, while 
those who had never smoked had the highest incidence. 
Twenty patients who stopped smoking after treatment of 
their pneumothorax had a recurrence rate comparable to 
that of 91 patients who continued smoking. There was a 
tendency for a higher recurrence rate in women than in 
men (10 yr freedom:tsE of 54:13% and 74:5%, respec
tively). Women and men did not differ in terms of the 
variables listed in table 1 or prevalence of pre-existing 
lung disease. 

Univariate predictors of pneumothorax recurrence 
in the total patient population are given in table 2 and 
the result of the Cox analysis in table 3. Pulmonary 
fibrosis, age of <t60 yrs, and height/weight ratio of <t3.2 
were independent predictors. The recurrence pattern 
of the risk groups (none, any one, any two, and all 
three predictors present) identified in table 3 differed 
significantly from one another (fig. 3). The result of the 
Cox analysis in the 122 patients who did not have 
pre-existing lung disease is given in table 4. Pulmonary 
fibrosis, age <t60 yrs, height/weight ratio, and 
"nonsmoking" (the patients who had never smoked) 
had independent predictive influence. Since height/ 
weight ratio in this Cox model had its strongest 
influence as a continuous variable and was included in 
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Table 1.- Pretreatment and treatment data In 142 patients with first spontaneous pneumothorax in 
relation to presence and absence of pre-existing lung disease 

Male gender 
Age yrs 

Heart disease1 

Tobacco smoking: 

Tobacco type: 

Tobacco consumption: 

never smoked 
smokers 
ex:smokerstt 
cigarettes 
everything else 
not smoking 
0 
1-10·day·1 

11-20·day-1 

>20-day·1 

Pneumothorax debut during: test 
coughing 

Dyspnoea: 
exercise 
no 
exertional 
at rest 

Respiratory synchronous pains 
Cyanosis 
Coughing: on admission 

Reduced respiratory sound 
Chest X-ray111 

Pneumothorax: 

Total lung collapse 
Primary treatment: 

Tube localization: 

Secondary treatment: 

Height/weight ratio1 

anamnestic 

Emphysema 
Bullae!blebs 
Pulmonary fibrosis 
Emphysema, bullae, blebs, 
and/or pulmonary fibrosis 
right lung 
left lung 

conservative 
exsufflation 
tubulation 
no tube 
intercostal space 2-3• 
intercostal space 4-5 .. 
tubulation5 

operationt 

Pneumothorax square area1 cm% 

Relative pneumothorax size1 % 

Treatment timess days 

No n=122 

76% (93) 
34±15 

(16-84) 
1% (1) 

13% (16) } 
79% (96) 
8% (10) 

67% (81) } 
12% (15) 
21% (26) 

21% (26) } 
30% (37) 
41% (49) 
8% (10) 

71% (87) } 
9% (11) 

20% (24) 

16%(20) } 
49% (60) 

35% (42) 
90% (110) 
5% (6) 
2%(2) 

25% (30) 
97% (118) 
7%(9) 
5%(6) 
3% (4) 

11% (14) 
57% (70) } 
43% (52) 
47% (57) 

2% (2) } 
9% (11) 

89% (109) 

7% (9) } 
81% (99) 
12% (14) 
29% (35) 
7% (9) 

2.85±0.37 
(1.97-3.91) 

144±66 
(16-311) 

27:11 
(5-53) 

10.6±6.2 
(1-37) 

Lung disease' 

NS 
•••• 

•••• 

NS 

NS 

NS 

••• 

•••• 

NS 
•••• 

• 
NS 
NS 

•••• 
NS 

•••• 

•••• 
• 

•• 

NS 

NS 

NS 
NS 
NS 

• 

• 

NS 

Yes n=20 

80% (16) 
66±17 

(24-85) 
40% (8) 
15% (3) 
75% (15) 
10% (2) 
70% (14) 

5% (1) 
25% (5) 
25% (5) 
25% (5) 
45% (9) 

5% (1) 
60% (12) 
40% (8) 

0% 
5% (1) 

10% (2) 
85% (17) 
90% (18) 
60% (12) 
10%(2) 

25% (5) 
95% (19) 
65% (13) 
15% (3) 
45% (9) 

75% (15) 
30% (6) 
70% (14) 
10% (2) 

0% 
0% 

100% (20) 
0% 

95% (19) 
5% (1) 

25% (5) 
5% (1) 

2.95±0.39 
(2.30-4.00) 

114±56 
(34-210) 

22:10 
(8-39) 

10.0±4.5 
(1-20) 

Data are given as % (n) or mean ±SO (range). ' : see text; 11: stopped smoking within one year (n=O), one to five 
years (o=7), five to ten years (n=5); 111: no patients with bronchiectasis; •: located in the mid-clavicular line, 
including four patients who underwent tubulation after primary exsufflation; ••: located in the anterior or middle 
axillary line; l; after primary exsuffl.atioo in four patients; ss; from start of primary treatment to removal of the 
last tube, or to operation (equals one day for conservatively treated or exsufflated patients); • • .. : p<0.0001; • • •: 
p<O.OOl; ••: p<O.Ol; •: p<0.05; NS: not significant. 
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B: no pre-existing lung disease n=122 

A: total population n=142 
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Fig. 1. - CUmulative freedom from pneumothorax recurrence in A: total population; B: patients without pre-existing lung disease; and C: patients 
with pre-existing lung disease. One/5/10 yr freedomss.standard error were • A: 85:t3%n5:~:4%/69:t5%; B: 87:t3%n7:~:4%nl:t5%; C: 70:1:13%/ 
56:1:16%/·. Comparison of the latter two cwves gave p=0.09. Numbers above the abscissa indicate patients at risk during follow-up. 
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Fig. 2. - Cumulative freedom from pneumothorax recurrence in relation to smoking habits at the time of the primary pneumothorax. Ten year 
freedom:tStandard error was 100% in ex-smokers, 68:t6% in smokers, and 59:tl4% in nonsmokers. Comparison of ex-smokers with the rest gave 
p=0.07. Numbers above the abscissa indicate patients at risk during follow-up. 
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Table 2. - Unlvarlate predictors of cumulative freedom from pneumothorax recurrence 
In all 142 patients 

Predictor variables• n 10 yr freedom:tSe p-value 

Age <60 yrs 115 74:t5% <0.0001 
<~:60 yrs 27 34:t17% 

Pulmonary fibrosis: no 129 73:t5% <0.0001 
yes 13 16:t17% 

Emphysema: no 120 74:t5% 0.002 
yes 22 26:t20% 

Fibrosis, bullae, blebs 
and/or emphysema: no 113 73:t5% 0.003 

yes 29 39:t18% 
Height/weight ratio: <3.2 118 77:t5% 0.02 

<~:3.2 24 48:tll% 
Tube placed in: intercostal space 2-3 .. 118 74:t5% 0.04 

intercostal space 4-5u• 15 27:t20% 

•: see table 1 and text; .. : in mid-clavicular line; u•: in anterior or middle axillary line; se: 
standard error. 

Table 3. - Independent predictors of pneumothorax recurrence In all 142 patients (Results of Cox 
regression analysis) 

Risk factor• b p-value Risk groups 

11 III IV 

Pulmonary fibrosis 1.66 0.002 - - X - X X X 
Age ;t60 yrs 1.18 0.01 - X - X - X X 
Height/weight ratio <~:3.2 0.68 0.05 X - - X X - X 

Number of patients with combination 94 19 14 2 2 0 8 3 
Total number of patients in risk groups 94 35 10 3 

• : see table 1 and text; b: regression coefficient; X: risk factor present. Global Chi-square of final Cox model: 
p<O.OOOl. Cumulative recurrence patterns of the risk groups are given in figure 3. 
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Fig. 3. - Cumulative freedom from pneumothorax recurrence in risk groups I-IV identified in table 3. One/S/10 year freedom5%standard error 
were - I: 90:t:3%/83~%/83~%; II: 82:t:7%/67:t:9%/S2:t:ll %; III: 67:t:19%/-/-; and IV: 0%/0%/0%. Numbers above the abscissa indicate patients at 
risk during follow-up. 
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Table 4. - Independent predictors of pneumothorax 
recurrence in 122 patients who did not have pre-existing 
lung disease (Result of Cox regression analysis) 

Risk factor• b sE p-value 

Pulmonary fibrosis 
Age a:60 yrs 
Height/weight ratio 
"Nonsmoking" 

2.28 
1.57 
1.11 
0.82 

0.65 
0.60 
0.52 
0.41 

0.0004 
0.009 
0.03 
0.05 

Prognostic index = x
1
b

1 
+ x2b2 + x

3
b

3
+x4b4

, (mean:so, range): 
3.48:0.84, 2.43-7.15 

•: see table 1 and text; b, b1, b2, bJ, bi: regression coefficients; 
x

1
, x,, ~~x4: value of risk factors (equals 1 if risk factor is present 

and 0 it not; equals discrete value for height/weight ratio, see 
table 1); sE: standard error of regression coefficient. Global 
Chi-squared of final Cox model: p<O.OOOl. See figure 4 for 
cumulative recurrence pauems in relation to different prognostic 
index intervals, as defined in the text. 
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number of patients at fixed points of follow-up is, that 
the recurrence rate is constant over time. The present 
study showed that the recurrence rate is high during the 
first two years, whereafter a more linear "decay" curve 
is reached. The wide variation in the above-mentioned 
recurrence fractions may thus be explained by an equally 
wide variation in follow-up (1-12 yrs), as well as by 
other pertinent factors such as the inclusion of patients 
with second/third episode of spontaneous pneumothorax 
as starting point [8-10], and exclusion of patients with 
chronic obstructive lung disease [3, 6, 9]. 

A major point of the present study was the 
demonstration that recurrence after first spontaneous 
pneumothorax is a true time-related event having the 
above-mentioned characteristics. Comparable results have 
to our knowledge not been published previously. Our 
cumulative 5 yr recurrence-fre.edom was 75% and the 
risk of recurrence dropped sharply already after the 

Pl·1 na42 

PJ-2 na51 

Pl·3 n•18 

Pl-4 n• 11 
13 11 10 e 2 0 

18 18 1. • • 0 

4 3 2 2 0 

2 

7 8 9 10 11 12 13 

Fig. 4. - Cumulative freedom from pneumothorax recurrence in prognostic index groups PI-1 to Pl-4 in 122 patients who did not have pre-existing 
lung disease. The groups Pl-1 to PI-4 were identified from the prognostic index given in table 4; for calculation of prognostic index see table 4; 
for identification of the risk groups see text. One/5/10 yr freedoms:1:standard error were- Pl-1: 98:~:2%/98:~:2%/98:~:2%; PI-2: 86:~:5%n4:~:7%/69:~:8%; 
Pl-3: 78:~:9%/54:~:15%/40:~:18%; and PI-4: 47:~:19%/47:~:19%/31:1:18%. Numbers above the abscissa indicate patients at risk during follow-up. 

the model as such, the risk stratification was based on 
calculation of a prognostic index for each patient (table 
4). The index was divided into seven equidistant inter
vals; since the last four intervals in the high index range 
included only a total of 11 patients, these intervals were 
joined, thus resulting in four risk groups. The recurrence 
patterns of these four groups differed significantly from 
one another (fig. 4). 

Discussion 

Recurrence after treatment of spo ntaneous 
pneumothorax has been noted to occur in 10-60% of 
patients [1-11). The first prerequisite of reporting re
currences meaningfully as fixed fractions of total 

second year. The latter finding has been observed by 
others [7]. 

In accordance with other materials [8, 19, 20], the 
present one was dominated by male patients. Surpris
ingly, we found that women tended to have a higher 
recurrence rate than men. This was not explained by 
differences between men and women with regard to 
pretreatment or treatment data. The result suggests that 
the women had another type of underlying lung disease 
than men. This theory is supported by NAKAMURA et al. 
[19] who found that the first spontaneous pneumothorax 
develops 1-5 yrs earlier in women than in men, and 
that women more often have a family history of 
pneumothorax. 

It is well known that tobacco smoking increases the 
risk of spontaneous pneumothorax [20-22]. The quantity 



330 H.L. LIPPERT ET AL. 

of cigarettes per day [22], and the length of exposure 
[20] are dominant factors. The latter factor was partly 
underlined by one of our results, which also indicated 
that smoking has a reversible effect on the pathogenesis 
of spontaneous pneumothorax. The patients who had 
stopped smoking prior to their first pneumothorax had 
been ex-smokers for more than a year; they had no 
recurrences. The patients who continued to smoke and 
those who stopped after their first pneumothorax had 
comparable recurrence rates. The fact that the majority 
of the recurrences occurred within the first two years 
thus indicates that the effect of tobacco abstinence needs 
more time to become manifest, as was also suggested by 
BENSE and WxMAN [21 ]. The patients of the present study 
who had never smoked had the highest recurrence rate. 
Their pneumothorax probably had a completely different 
pathogenesis than that of smokers, a pathogenesis which 
maintained its influence. This is further underlined by 
the fact, that "nonsmoking" was an independent risk factor 
for recurrence only when patients with pre-existing 
symptomatic lung disease were excluded from the 
tests. 

As is the case with the description of pneumothorax 
recurrence as a time-related event, the identification of 
independent patient-related determinants for recurrence 
have not been reported previously. Pulmonary fibrosis 
was the strongest independent predictor variable, while 
emphysema had "univariate" significance. Together with 
the tendency for a higher recurrence rate in patients with 
symptomatic, medically treated pre-existing lung disease, 
both parameters point to the nature of the underlying 
disease. This is further supported by the strong 
independent predictive influence of age 01:60 yrs. It has 
been suggested that the increasing risk of pneumothorax 
with age is related to increasing prevalence of lung 
fibrosis, bullous emphysema and chronic obstructive lung 
disease and decreased elasticity of pleura and chest wall 
[4). Other authors have been unable to show a relation
ship between pneumothorax recurrence and age [11) or 
lung disease [8, 11]. This might have been reversed, had 
they used the proper time-related test technique. 
Increasing height/weight ratio of our patients was inde
pendently related to increasing recurrence rate, suggesting 
an adverse influence of a tall, thin physique. There is a 
well-known increased likelihood of spontaneous pneu
mothorax in subjects with long, narrow chests [23-25]. 
The underlying pathogenesis is not known. 

Using time-related statistical methods, it was shown 
that the recurrence rate after treatment of the first 
spontaneous pneumothorax is time dependent and that it 
follows a characteristic pattern. Application of the haz
ard regression model for time-dependent data introduced 
by Cox (12] allowed identification of independent 
patient-related risk factors which stratified the patients 
into risk groups with 10 yr recurrence freedoms ranging 
from 83-0%. The practical implication is, that 
prognostication of each individual patient may be 
performed with some accuracy. The study also indicated, 
that complete tobacco abstinence in smokers infers 
reduced risk of recurrence after a latency period of a 
couple of years. 
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Facteurs de risque independants pour le taux de rechute 
cumulative apres un premier pneumothorax spontane. 
H. Lippert, 0. Lund, S. Blegvad, H. Larsen. 
RESUME: Entre 1975 et 1987, 122 patients ont ~~~ trait~s pour 
leur premjer pneumothorax spontan~, dont 122 sans affection 
pulmonaire pr~ex ist ante (Groupe I, age moyen 34 ans), et 20 
avec cette affection (Groupe 11, age moyen 66 ans). Le follow· 
up moyen est de 5.2 ann~es (maximum 12.8 ann~es). Il y a eu 
32 rechutes v~rifi~es par les rayons X, dont 72% se d~veloppent 
au cours des deux premieres ann~es. Les taux d'absence de 

rechutes cumulatifs apres 1, 5 et 10 ans±erreur standard dans 
les groups I et II combin~s. soot de 85±3%, 75±4%, et 69±5%, 
respectivement. Bn utilisant !'analyse de r~gression de Cox pour 
les groupes I et II r~unis, il apparait que la fibrose pulmonaire, 
!'age superieur ~ 60%, et un rapport taille/poids, sont des 
pr~dicteurs ind~pendants de la rechute. La combinaison de ces 
facteurs de risque a permis d'indentifier quatre strates de ris
que, avec 10 ans sans rechute, allant de 83% a 0%. Les 
predicteurs independants dans le groupe I isol~ furentla fibrose 
pulmonaire, !age superieur ~ 60 ans, la ratio taille/poids, et 
!'absence de tabagisme, ce qui donne quatre strates de risque 
sans rechute ~ 10 ans, allant de 98 a 31%. Les rechutes apres 
un pneumothorax spootan~ t ra it~ pour la premiere fois, montrent 
un type de relation temporelle distinct et devraient des lors etre 
analys~es comme un fait en rapport avec le temps. D'autre part, 
des prewcteurs independants de rechute ont ~le identifi~. a la 
fois dans la population totale des patients et dans le groupe 
sans maladie pulmonaire pr~existante, ce qui a permis de 
substratifier les patients en groupes avec des taux de rechute 
largement diff~rents. 
Eur Respir J., 1991, 4, 324-331. 


