
199

UHM 2018, Vol. 45, No. 2 – sPIRoMETRY AND oXIDATIVE sTREss AFTER REBREATHER DIVING UHM 2018, Vol. 45, No. 2 – DIVING AFTER PsP

Copyright © 2017 Undersea & Hyperbaric Medical Society, Inc.

___________________________________________________________________________

KEYWORDS: pneumothorax, primary, spontaneous, diving, 
clearance to dive 

Review Article

Can my patient dive after a first episode of primary spontaneous 
pneumothorax? A systematic review of the literature

M. Alvarez Villela, MD 1,2, S. Dunworth, MD 1,4, N.P. Harlan, MD 1,5, RE Moon, MD 1,3

 1 Center for Hyperbaric Medicine and Environmental Physiology, Duke University Medical Center, 
  Durham, North Carolina, U.S. 
 2 Division of Cardiology, Montefiore Medical Center –Albert Einstein College of Medicine, Bronx, 
  New York, U.S. 
 3 Department of Anesthesiology, Duke University, Durham, North Carolina, U.S. 
 4 Department of Anesthesiology, Stanford University, Palo Alto, California, U.S. 
 5 Division of Pulmonary Medicine University of Utah, Salt Lake City, Utah, U.S. 

CORRESPONDING AUTHOR: M. Alvarez Villela – miguel.alvarez.vil@gmail.com

ABSTRACT

 Introduction: Patients with prior primary spontaneous 
pneumothorax (PSP) frequently seek clearance to dive. Despite 
wide consensus in precluding compressed-air diving in this 
population, there is a paucity of data to support this decision. 
We reviewed the literature reporting the risk of PSP recurrence.
 Methods: A literature search was performed in PubMed and 
Web of Science using predefined terms. Studies published in 
English reporting the recurrence rate after a first PSP were 
included.
 Results: Forty studies (n=3,904) were included. Risk of PSP 
recurrence ranged 0-67% (22±15.5%; mean ± SD). Mean follow-
up was 36 months, and 63±39% of recurrences occurred during 
the first year of follow-up.
 Elevated height/weight ratio and emphysema-like changes 
(ELCs) are associated with PSP recurrence. ELCs are present 
in 59%-89% (vs. 0-15%) of patients with recurrence and can 
be detected effectively with high-resolution CT scan (sensitivity 
of 84-88%). Surgical pleurodesis reduces the risk of recurrence 
substantially (4.0±4% vs. 22±15.5%). 
 Conclusions: Risk of PSP recurrence seems to decline 
over time and is associated to certain radiological and clinical 
risk factors. This could be incremented by the stresses of com-
pressed-air diving. A basis for informed patient-physician dis-
cussions regarding future diving is provided in this review.

___________________________________________________________________________________________________________________________________________________________________

BACkGROUND
Spontaneous pneumothorax occurs in patients without 
antecedent trauma or iatrogenic event. When it occurs 
in patients who additionally have no apparent under-
lying lung disease, this phenomenon is termed primary 
spontaneous pneumothorax (PSP). 
 The incidence of PSP is age-related, and is estimated 
to be 7.4/100,000/year in men and 1.2/100,000/year 
in women, peaking between the ages of 15-34 [1,2]. 
 Diving physicians frequently encounter patients with 
a history of PSP who wish to dive. Traditionally, the 
consensus in the hyperbaric medicine field has been to 
advise against any compressed-air diving since a recur-
rence under water could lead to serious complications 
or death. As a result, case series examining this issue 
are non-existent, and evidence to clearly support or 
reject this recommendation is lacking in the current 
literature. 
 The need for further evidence to help guide clinical 
practice is illustrated in the American College of Chest 
Physicians Delphi consensus statement on the manage-
ment of spontaneous pneumothorax [3]. Fifteen (15) 
percent of panel members said they would offer surgery 
to prevent recurrence to individuals with a history of 
PSP who are at high risk in case of recurrence – such 
as divers or pilots-, rather than disqualifying them 
from their activities. 
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 One way to approach this issue is to examine the 
rate of PSP recurrence in the general population to 
approximate the general risk in divers, and then con-
template the effect that physiological and mechanical 
stresses of compressed-air diving may have in increasing 
that risk.
 For this purpose, we conducted a systematic review 
of the literature on PSP recurrence, seeking to answer 
pertinent questions including: 
 1. What is the rate of PSP recurrence in the general 
  population? 
 2. Can the presence of pulmonary abnormalities 
  such as blebs or bullae predict recurrence? 
 3. Can blebs or bullae be reliably detected by 
  CT scan imaging? 
 4. Can pneumothorax recur in patients with 
  radiographically normal lungs? 
 5. Can surgical treatment of a first episode prevent 
  PSP recurrence?
 We then discuss what is known about PSP and diving, 
specifically what the plausible mechanisms of increased 
risk during compressed-air diving are.

METHODS
In February 2015 a search was conducted using PubMed 
and Web of Science, combining the terms “spontaneous 
AND pneumothorax AND recurrence.” The search was 
limited to studies in adults (19+ years), humans, and 
work published in the English language. 
 Included studies [1] were original research and [2] 
studies that specifically reported the rate of recurrence 
after a first episode of primary spontaneous pneumo-
thorax (PSP) with a follow-up period of at least one 
month after receiving any treatment modality. 
 Studies were excluded if they reported the recur-
rence rate after more than one PSP episode or after 
a secondary pneumothorax occurrence – whether 
spontaneous, iatrogenic or traumatic. 
 Additionally, a hand search of the references cited 
in the selected articles was conducted to ensure that 
all relevant studies were included.
 The study selection process was conducted indepen-
dently by two authors (Dunworth S and Alvarez Villela 
M), and discrepancies were resolved by discussion 
between them.
 Demographic and clinical data for the included 
patients are presented as simple means and standard 

deviations. Where not reported, ranges were calculated 
from the original study data.
 Studies that performed survival analysis, or reported 
the incidence of recurrence after chest computed to-
mography (CT) scan examination, or reported recur-
rences after surgical treatment of a first PSP are given 
special mention. 

RESULTS
In total, 491 studies were reviewed; 40 met criteria for 
inclusion. Results are summarized in Table 1 and in-
cluded studies are listed in Table 2. In total, 17 pro-
spective observational studies, 18 retrospective studies, 
four controlled trials and one cross-sectional study 
are included.
____________________________________________________________________________

Table 1. Included studies

 study design number of studies
 controlled trials 4
 prospective observational 17
 retrospective 18
 cross-sectional 1
 TOTAL 40
____________________________________________________________________________

General Characteristics of PSP Recurrence
Within the selected studies, 3,904 patients with a first 
episode of PSP were included (Table 3). 
 The mean probability of PSP recurrence ranged 
from 0-67% with an average of 22±15.5% (mean ± SD). 
Follow-up time ranged from one to 120 months 
with a mean of 36 months.
 Sixty-three percent (63±39%) of recurrences, ac-
cording to 21 studies, occurred during the first year of 
follow-up. Time to first recurrence, reported by 22 
studies, ranged from 2.8 to 107 months, with a mean 
of 20 months.
 The mean age was 28 years (range 16-43), and the 
prevalence of smokers was 64%. 

Predictive value of chest CT scan in PSP recurrence 
The prevalence of surgically detected blebs or bullae, 
also termed emphysema-like changes (ELCs), in patients 
with PSP ranged from 77%-90% [4-6] and was as 
high as 100% when histology analysis is included [7]. 
High-resolution CT scan (HRCT) has a sensitivity 
of 84%-88% and a specificity of 100% compared with 
surgery for detecting these ELCs [4,8]. The sensitivity 
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_________________________________________________________________________________________________________________________________________________________

Table 2. list of included studies
 year  First Author study Design intervention n  mean Follow-up overall mean
 Publ.   Comparison  time (months) Recurrence Rate

 1993 Abolnik (23) Retrospective  None  286 107.2 mo  41%
 2006 Ayed (48) RCT  SA vs. CTD 137 24 mo 31% vs. 25%
 2013 Casali (17) Retrospective None  176 58 mo 57%
   (Monocenter) 
 2005 Chan (49) Retrospective None  91 12 mo 15.70%
   (Monocenter)
 2008 Chen (29) Retrospective  SA vs. SA+minocycline  64 13 mo 33.3% vs. 12.9%
    instillation 
 2013 Chen (50) RCT  SA vs. SA+minocycline 214 18 mo 49.1% vs. 29.2%
    instillation
 2008 Chen (26) Retrospective CTD vs. VATS 52 19.3 mo 22.7% vs. 3.3%
 2003 Chou (5) Prospective  None  51 38 mo 0.0%
 1957 Cliff (51) Retrospective  None  149 not specified  12%
 1946 Cohen (52) Cross-sectional None  30 not specified  10%
 1967 Cran (53) Retrospective  None  836 not specified  18.8%
 1953 DuBose (54) Prospective  None  65 not specified  20%
 1993 Ferraro (25) Retrospective  None  239 1 mo 34.2%
 2010 Ganesalingam (20) Retrospective  None  100 57 mo 54%
 2000 Hatz (6) Prospective  None  53 53.2 mo.† 7.5%
 2007 Huang (16) Retrospective  None  231 92 mo 14.30%
 1962 Hyde (55) Retrospective  None  200 not specified  17.5%
 2013 Kawaguchi (4) Prospective None  93 not specified 8%
   observational
 1998 Kim (10) Prospective after  None  61 6 mo. 17.75%
   VATS based on CT
 1993 Krasnik (12) Prospective  Thoracotomy vs.  393 not specified 8%
    VATS+Tetracycline Inst.
 2006 Kuzucu (27) Retrospective Observation vs. CTD 58 25.6 mo  66.8% vs. 21.8%  
   (Monocenter)  vs. VATS   vs. 0%
 2011 Laituri (9) Retrospective  None  34 not specified 13.85%
 1991 Lippert (21) Prospective  None 122 62.4 mo  17%
 2003 Margolis (7) Prospective None  156 62 mo.† 0.0%
 2006 Marquette (56) Prospective  None  41 10.7 mo  24%
 2007 Martinez-Ramos (18) Prospective  None  55 30.7 mo 24%
 2014 Massongo (24) Prospective  None  60 24 mo 16.70%
 1992 Mitlehner (11) Prospective  None  35 9.6 and 31.7 mo 25%
 1948 Myerson (57) Prospective  None  36 not specified  14.7%
 2002 Noppen (58)  RCT  SA vs. CTD  60 not specified 26% vs. 27%
 1942 Ornstein (59) Retrospective None 58 not specified  30%
 2007 Ouanes-Besbes (19) Retrospective  None  80 34 mo 19%
 1939 Perry (60) Retrospective  None  85 not specified  4.4%
 1949 Rottenberg (61) Prospective  None  97 11.5 mo  20.60%
 1997 Sadikot (22) Prospective  None  153 54 mo  54%
 1945 Schneider (62) Prospective  None  94 not specified  20%
 2000 Sihoe (8) Prospective  VATS 11 59 mo 3.5%
 2001 Torresini (28) Controlled trial CTD vs. VATS 64 12 mo 22.8% vs. 2.8%
   (non-randomized)
 1986 Voge (63) Retrospective  None  112 120 mo  28%
 2014 Voisin (64) Retrospective None 73 12 mo 22%
   (Monocenter)
_________________________________________________________________________________________________________________________________________________________

 † Signals median instead of mean reported in original study.  CTD: chest tube drainage  VATS: video-assisted thoracoscopic surgery  SA: Simple aspiration
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of CT scan techniques with lower resolution can be as 
low as 36% [9]. Conventional chest radiography has a 
sensitivity for ELC detection of approximately 15%
compared to HRCT, and 60% compared to axial 
CT scan [10,11].
 The role of ELCs in PSP occurrence is not well estab-
lished but ELCs seem to be more prevalent in patients 
with PSP, especially among those with recurrence,
compared with controls: 59%-89% vs. 0-15% (12-15).
 Rates of recurrence in patients with and without CT-
scan-detected ELCs were compared in six studies. 
Findings are summarized in Table 4. Four of these 
studies used HRCT for assessment of lung paren-
chyma. Results were variable depending on the study 
methodology. Recurrence rates were significantly lower 
in patients without ELCs in three of these studies 
[8,16,17], but similar or higher in three others [11,
18,19].
 The predictive value of conventional chest radio-
graphy for recurrence of PSP was reported by 
Ganesalingam, et al. Although no single radiographic 
abnormality was found to be an independent predictor 
of recurrence, the combination of four types of 
findings – pleural thickening, lung blebs, pleural 
irregularities and pleural adhesions – had a signifi-
cantly higher likelihood of recurrence; 12% with 
no abnormalities vs. 67% with three abnormalities at 
two years of follow-up [20].

Clinical predictors of recurrence
Certain clinical factors have been associated with 
higher risk of PSP recurrence. 
 Lippert, et al. [21] identified four patient-related 
factors as independent predictors of recurrence: 
height/weight ratio >3.2 (cm/kg, adding 0.22 to ratio 
for men), pulmonary fibrosis on chest radiograph, 
age 60 or older, and never-smoker status. A prognostic 
index was constructed based on the presence of these 
factors classifying patients into four risk groups: PI-1 to 
PI-4. Recurrence-free survival rates (RFS) in the group 
with one risk factor were 98±2% at each of one, five 
and 10 years. Whereas in the group with four risk 
factors, RFS were 47±19% at one and five years and 
31±18% at 10 years.
 Other studies mention elevated height or height/
weight ratio with variable cutoffs [21-23] female sex
[22], relatively smaller size of first pneumothorax, and 
younger age at first PSP occurrence [24] as factors 
associated with significantly higher recurrence rates.
 Smoking has classically been associated with a higher 
risk of PSP occurrence, but its role in predicting recur-
rence seems equivocal. Continued active smoking after 
a first occurrence was only significantly associated with 
a higher risk of recurrence in one study [22]. Never-
smokers were also found to have a higher risk of 
recurrence in another study [21]. 
 Recurrence itself was associated with further incidences 
of recurrence in two studies [23,25]. 

_____________________________________________________________________________________________________________________________

Table 3. Summary of included studies

 total number of studies  40_____________________________________________________________________________________________________________________________

 total number of patients 5,416_____________________________________________________________________________________________________________________________

 number of patients with a 1st PSP (n) 3,904_____________________________________________________________________________________________________________________________

 mean age (32 studies) 28 y._____________________________________________________________________________________________________________________________

 prevalence of smokers (20 studies) 64%_____________________________________________________________________________________________________________________________

 mean follow-up time (26 studies) 36 months_____________________________________________________________________________________________________________________________

 follow-up time range  1 – 120 months_____________________________________________________________________________________________________________________________

 time to first recurrence (22 studies; n=2,059) 2.8 – 107 months_____________________________________________________________________________________________________________________________

 mean time to first recurrence (22 studies; n=2,059) 20 months_____________________________________________________________________________________________________________________________

 mean recurrence rate (39 studies; n=3,784) 22% (SD=15.5%)_____________________________________________________________________________________________________________________________

 recurrences within first 12 months (21 studies; n=1,886) 63% (SD=39%)_____________________________________________________________________________________________________________________________

 mean recurrence after surgery for 1st episode (10 studies; n=1,131)* 4.0% (SD=4%)
_____________________________________________________________________________________________________________________________

 *Recurrence after different treatment modalities including observation, simple aspiration, 
 chest tube drainage, and surgical bullectomy with or without pleurodesis.
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__________________________________________________________________________________________________________________________________________________________

Table 4. Studies with CT chest evaluation after a first PSP occurrence
 author prevalence  no. of mean Ct technique overall recurrence recurrence
  of eLCs by  patients f/u time  recurrence with eLC without eLC
  Ct scan    

 Casali 63% 176 58 mo HRCT 57.0% ipsilateral 68.1%* ipsilateral 6.1%*
 [17] (2013)      contralateral 19% contralateral 0% 
__________________________________________________________________________________________________________________________________________________________

 Martinez-Ramos  47% 55 31 mo helical CT 24.0% 23% 24%
 [18] (2007)    3mm slice
     thickness
__________________________________________________________________________________________________________________________________________________________

 Ouanes-Besbes 73% 80 34 mo HRCT 19.0% 15.5% 27%
 [19] (2006) 
__________________________________________________________________________________________________________________________________________________________

 Sihoe+ s 79% 28 59 mo HRCT 18.0% ipsilateral 0%+  ipsilateral 33% (1/3) +
 [8] (2000)      contralateral-27%* contralateral-0%* 
__________________________________________________________________________________________________________________________________________________________

 Huang  55% 231 92 mo HRCT 14.30% contralateral-26%* contralateral-0%*
 [16] (2007) 
__________________________________________________________________________________________________________________________________________________________

 Mitlehner 89% 35 32 mo axial CT scan  23% 22.5% 25%
 [11] (1992)    10 mm slice
     thickness
__________________________________________________________________________________________________________________________________________________________

 *Statistically significant difference (P<0.005)  + All patients underwent VATS with bullectomy + pleurodesis of the affected lung
 CT: computed tomography; PSP: primary spontaneous pneumothorax;  ipsilateral/contralateral refers to recurrence side relative to side 
 of first PSP occurrence;  ELC: emphysema-like changes – includes blebs and bullae

Effect of surgical intervention
Ten studies reported recurrence rates after surgical 
treatment of a first PSP episode [5-10,12,26-28]. 
 Four of these studies reported recurrence rates 
comparing conservative management to surgical treat-
ment in different patient groups (Table 5). Overall, the 
mean recurrence rate was substantially lower in the 

surgically treated patients than in the general popula-
tion: 4.0±4% vs. 22±15.5%. The surgical technique used 
in these studies consisted of video-assisted thoraco-
scopic surgery (VATS) resection of detected blebs or 
bullae or, in the absence of these, wedge apical resection 
followed by pleurodesis using different techniques. In 
one study, surgery was performed via thoracotomy [12].

_____________________________________________________________________________________________________________________________________________ 

Table 5. Studies with direct comparison of surgical vs. non-surgical treatment of first PSP
 author year n design ______________recurrence rate______________

     surgical group non-surgical group
 Krasnik [12] 1993 393 thoracotomy (>2cm blebs)  0%+ 8%
    vs. tetracycline pleurodesis (<2cm bullae)
 Torresini [28] 2001 70 chest tube drainage vs. VATS with wedge 2.8%+ 22.8%
    resection and pleurectomy
 Kuzucu [27] 2006 90 retrospective review – 3 groups:  0%* 66.7% observation*
    observation, chest tube, surgery   21.8% chest tube*
 Chen [26] 2008 52 chest tube drainage vs. VATS for treatment  3.3%++ 22.7%++

    of PSP after unsuccessful aspiration
_____________________________________________________________________________________________________________________________________________ 

+ Level of statistical significance not reported. ++Difference not statistically significant (P=0.07). *Statistically significant (P<0.05).
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When do recurrences happen?
Five studies performed survival-type analysis and can 
provide a more precise idea of timing of recurrence. 
In the study by Lippert, et al. [21] mentioned above, the 
risk of recurrence was dictated by the presence of four 
clinical risk factors. Recurrence-free survival (RFS) re-
mained relatively stable at one, five and 10 years (98±2%) 
in patients with only one risk factor, but declined over 
time in patients with four risk factors (47±19%, 47±19% 
and 31±18%). When considering all risk groups, the 
overall RFS was 85% at one year, 82% at two years and 
82% at three years. The total follow-up time in this study 
was 10 years; no recurrences were observed in any of 
the four risk groups after eight years. 
 A retrospective analysis of 64 patients by Chen, et al. 
[29], which compared simple aspiration to simple 
aspiration plus intrapleural minocycline instilla-
tion for pleurodesis after a first PSP, found an RFS of 
66.7% in the simple aspiration group and 87% in the 
minocycline instillation group at one year. No addi-
tional recurrences were seen after two years. Another 
retrospective study performed by this same group 
compared the RFS after simple chest tube drainage 
(CTD) and after VATS with bleb resection or blind 
apical stapling, plus pleural abrasion for pleurodesis. 
RFS for the CTD group was 80%, 77.3% and 77.3% at 
one, two and three years, and 96.7% at each of those 
three time points for patients in the VATS intervention 
group [29]. 
 Two of the studies examining the predictive value 
of CT scan reported recurrence-free survival data. 
Casali, et al. reported an RFS that varied substantially 
depending on the appearance of lung parenchyma on 
HRCT: 95%, 95% and 93% at one, two and three years 
respectively for patients without blebs; 62.5%, 56.5%, 
36% for patients with blebs; and 50%, 30% and 22% for 
patients with “high-grade” blebs as defined by a custom 
severity grading system created by the authors [17]. 
Martinez-Ramos, et al. reported a recurrence-free 
survival of 80% that remained stable at one, two and 
three years for patients without blebs; and of 90%, 78% 
and 78% for patients with blebs, using helical CT scan 
for detection. The prevalence of ELCs was lower than in 
other reports, and the percentage of smokers was not 
specified in this study. Also, despite no difference in 
RFS between groups, most of the recurrences in the 
patients with ELCs occurred within the first six months 
of follow-up [18].

DISCUSSION
Summary
The recurrence rate after a first episode of PSP is close 
to 22±15.5%, with a majority of recurrences (63±39%) 
occurring in the first 12 months of follow-up. The 
studies reporting survival-type analysis support this 
time-related incidence of recurrence in most series, 
with RFS rates dropping early in the follow-up period 
but stabilizing thereafter [17,18,21,26,29]. To this effect, 
no recurrences are reported after eight years in the 
study with the longest follow-up period [21].
 Predicting the risk and timing of recurrence is of 
paramount importance in “returning to dive” decision-
making. Several clinical, radiological and therapeutic 
factors seem to be associated with this risk. Clinical 
risk factors associated with higher recurrence include 
elevated body height/weight ratio as the most consis-
tently identified one, although its quantitative definition 
varies among studies [21-23]. Also, one recurrence is 
associated with further recurrences [23,25]. Other 
clinical factors were less consistently identified as 
predictors of recurrence.
 Regarding radiological factors; nearly all patients 
with PSP have blebs or bullae when examined surgically 
[4-7]. High-resolution CT scans perform well in the 
identification of these lesions, with a sensitivity of 
84%-88% compared with surgery [4,8,10]. In three 
of the four studies using HRCT to examine the lung 
parenchyma, ELCs were associated with a significantly 
higher risk of recurrence [8,16,17]. Non-high resolution 
CT scans [9] and conventional chest radiographs [11] 
are less sensitive and have a lower predictive value. 
However, recurrences even in the absence of blebs 
in HRCT was still as high as 27% and 33% in two 
studies [8,19]. It is important to note that there is 
evidence that the pathophysiology of spontaneous 
pneumothorax may in most cases be related to factors 
other than ELCs [30].
 Therapeutic options such as surgical resection of 
the lung apex or of visualized emphysematous changes 
plus pleurodesis using different techniques, via VATS 
or thoracotomy, seem to reduce the risk of recurrence 
substantially, from 22% to nearly 4% [5-10,12,26-28].
 Xe-133 single-photon emission washout scanning is 
commonly used for detection of emphysema that may 
not be yet manifest in pulmonary function testing or 
other imaging modalities [31]. However, no data 
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relating abnormal studies on this modality to the risk 
of pneumothorax are available in the literature, and 
the value of this imaging technique in clearance-to-dive 
evaluations is unknown.

Pneumothorax and compressed-air diving
Pneumothorax while diving is rare, and is normally 
thought to result from pulmonary barotrauma (PBT). 
PBT occurs due to air entrapment, leading to alveolar 
rupture and potentially AGE, pneumomediastinum or, 
much less frequently, pneumothorax. Although breath-
holding during ascent is a well-known mechanism for 
PBT, many of the reported cases of barotrauma have 
occurred at depth, or do not seem to be associated with 
a closed glottis during lung expansion [32]. When a 
pneumothorax occurs at depth there is a greater risk 
of expansion and tension pneumothorax upon ascent. 
The conditions leading to PBT in such cases could be 
obstructive airway disease with regional differences in 
the degree of air entrapment, and/or parenchymal 
diseases that lead to regional differences in lung 
tissue compliance [33]. 
 Rupture of pulmonary structures is not caused by 
pressure per se, but rather overstretching of pulmonary 
parenchyma. This can indeed happen due to gas expan-
sion during ascent from a dive. During normal breath-
ing, ventilation is relatively homogeneous (uniform time 
constants); however, in the presence of lung disease 
different lung regions have substantially different ventila-
tory time constants [34]. At interfaces between regions 
with different time constants, excess strain could cause 
alveolar rupture. This phenomenon is most likely, at 
least partly, responsible for pneumothorax occurring in 
lung disease [35,36]. Inter-regional ventilatory inhomo-
geneity would be augmented during diving, where the 
breathing gas density and thus airways resistance are 
increased. While at depth, airway resistance and alveo-
lar pressure rise due to increased density of breathing 
gases [37,38]. In the presence of local fragility in the 
lung parenchyma, such as those seen with ELCs or 
air-trapping due to bronchoconstriction, this could 
conceivably result in PBT without a change in sur-
rounding ambient pressure.
 Along these lines, several studies and case reports 
seeking to identify factors associated with higher risk 
of PBT while diving have found that the presence of 
blebs, bullae or airway reactivity can increase the risk 

of these events [32,39-47]. These studies, while per-
formed in divers who have experienced PBT, were 
generally limited by the lack of pre-event imaging or 
lung function testing as well as by the lack of a con-
trol population composed of divers [32,40,41,43,45].
 The study by Tetzlaff, et al. overcomes many of these 
limitations. In this report, 15 divers with PBT, of whom 
the majority (10/15) had pre-injury plain chest radio-
graph, and all subjects had pre-injury pulmonary func-
tion testing. The findings in these subjects were com-
pared with 15 cases of decompression sickness (DCS) 
referred to their center for treatment. There was only 
one pneumothorax occurrence in the PBT group, while 
the majority of patients suffered from AGE (13/15). Non-
high-resolution CT scan was performed in 12 PBT cases 
after the injury, and five were found to have blebs not 
detected in pre- or post-injury plain chest radiograph. 
In contrast, four of the DCS cases underwent CT scan 
imaging after their injury: All were normal. Pulmo-
nary function testing showed a statistically signifi-
cant lower value in peak expiratory flow (PEF) 50% 
and PEF 25% in pre-injury testing of the PBT group, 
indicating that obstructive airway disease may have
a higher prevalence among these subjects [39].
 Although these studies are suggestive of an associ-
ation between ELCs and obstructive airway disease 
with PBT – and this remains a physiologically plausible 
association – the number of studied divers is 
extremely small, and conclusive evidence for a causal 
association is still lacking.

CONCLUSION
Pneumothorax while diving is a rare but potentially 
life-threatening condition. Currently, a history of 
primary spontaneous pneumothorax (PSP) is widely 
considered as an absolute contraindication to further 
diving. Although the risk of pneumothorax recurrence is 
associated with certain clinical and radiological factors, 
this risk remains present even in the absence of these 
factors. The mechanical and physiological stressors 
associated with compressed-air diving can increase this 
risk further, as compared to the general population. 
 Offering surgery to reduce the risk of a new pneumo-
thorax might not be effective in divers since it will 
reduce the risk of pneumothorax but not protect 
against PBT, which may result in serious complications 
such as pneumomediastinum or arterial gas embolism. 
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 Moreover, PBT can theoretically occur in the absence 
of a closed glottis ascent due to increased gas density, 
leading to high airway resistance at depth. The asso-
ciation between obstructive airway disease and ELCs 
with PBT remains inconclusive but is suggested by the 
current evidence. 
 Given that a pneumothorax at depth can result in 
a fatality, the current practice of generally advising 
against further diving is probably sound. The evidence 
available does not suggest with confidence a specific 
time limit on such a recommendation.
 A thorough physician-patient discussion should be 
undertaken in each case. This review can provide evi-
dence to facilitate that discussion and allow the patient 
to make an informed decision. If a patient without 
identifiable clinical risk factors, who has a normal 
chest HRCT, and has not had a recurrence after many 
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years, elects to dive given his lower risk profile, he or 
she should be strongly warned that his or her risk of a 
pneumothorax or PBT is still higher than that of the 
general population, and that such an occurrence under-
water could be fatal.
   n

Work performed at:
Duke Center for Hyperbaric Medicine and Environmental 
Physiology, Duke University Medical Center, Durham, N.C. 

Disclosures:
The authors have received no financial support for this 
research. 

Prior Publication:
Abstract of this work was presented at the June 2015 Annual 
Scientific Meeting of the Undersea and Hyperbaric Medical 
Society, Montreal, Canada.

  1.  Melton III LJ, Hepper NG, Offord KP. Incidence of spontaneous 
pneumothorax in Olmsted County, Minnesota: 1950 to 1974 1. 
Am Rev Respir Dis. 1979;120(6):1379-1382.

  2. Gupta D, Hansell A, Nichols T, Duong T, Ayres JG, Strachan D. 
Epidemiology of pneumothorax in England. Thorax. 2000;55(8): 
666-671.

  3. Baumann MH, Strange C, Heffner JE, Light R, Kirby TJ, Klein J, 
et al. Management of spontaneous pneumothorax: an American 
College of Chest Physicians Delphi consensus statement. Chest. 
2001;119(2):590-602.

  4. Kawaguchi T, Kushibe K, Yasukawa M, Kawai N. Can preopera-
tive imaging studies accurately predict the occurrence of bullae or 
blebs? Correlation between preoperative radiological and 
intraoperative findings. Respir Investig. 2013;51(4):224-228.

  5. Chou SH, Cheng Y-J, Kao EL. Is video-assisted thoracic surgery 
indicated in the first episode primary spontaneous pneumothorax? 
Interact Cardiovasc Thorac Surg. 2003;2(4):552-554.

  6. Hatz RA, Kaps MF, Meimarakis G, Loehe F, Müller C, Fürst H. 
Long-term results after video-assisted thoracoscopic surgery for 
first-time and recurrent spontaneous pneumothorax. Ann Thorac 
Surg. 2000;70(1):253-7.

  7. Margolis M, Gharagozloo F, Tempesta B, Trachiotis GD, Katz 
NM, Alexander EP. Video-assisted thoracic surgical treatment of 
initial spontaneous pneumothorax in young patients. Ann Thorac 
Surg. 2003;76(5):1661-1664.

  8. Sihoe AD, Yim AP, Lee TW, Wan S, Yuen EH, Wan IY, et al. 
Can CT scanning be used to select patients with unilateral pri-
mary spontaneous pneumothorax for bilateral surgery? Chest. 
2000;118(2):380-3.

  9. Laituri CA, Valusek PA, Rivard DC, Garey CL, Ostlie DJ, Snyder CL, 
et al. The utility of computed tomography in the management of 
patients with spontaneous pneumothorax. J Pediatr Surg. 2011; 
46(8):1523-1525.

 10. Kim J, Kim K, Shim YM, Chang WI, Park K-H, Jun T-G, et al. 
Video-assisted thoracic surgery as a primary therapy for primary 
spontaneous pneumothorax. Surg Endosc. 1998;12(11):1290-3.

 11. Mitlehner W, Friedrich M, Dissmann W. Value of computer 
tomography in the detection of bullae and blebs in patients with 
primary spontaneous pneumothorax. Respiration. 1992;59(4):
221-227.

 12. Krasnik M, Stimpel H, Halkier E. Treatment of primary 
spontaneous pneumothorax with intrapleural tetracycline instillation 
or thoracotomy: follow-up of management program. Scand 
Cardiovasc J. 1993;27(1):49-51.

 13. Smit H, Wienk M, Schreurs A, Schramel F, Postmus P. 
Do bullae indicate a predisposition to recurrent pneumothorax? 
Br J Radiol. 2000;73(868):356-9.

 14. Bense L, Lewander R, Eklund G, Hedenstierna G, Wiman LG. 
Nonsmoking, non-alpha 1-antitrypsin deficiency-induced emphysema 
in nonsmokers with healed spontaneous pneumothorax, identified by 
computed tomography of the lungs. Chest. 1993;103(2):433-438.

______________________________________________________________________________________________________________________________________________________

REFERENCES



207

UHM 2018, Vol. 45, No. 2 – DIVING AFTER PsP UHM 2018, Vol. 45, No. 2 – DIVING AFTER PsP

Alvarez Villela M, Dunworth S, Harlan NP, Moon RE

 15. Lesur O, Delorme N, Polu JM, Fromaget JM, Bernadac P. 
Computed tomography in the etiologic assessment of idiopathic 
spontaneous pneumothorax. Chest. 1990;98(2):341-347.

 16. Huang T-W, Lee S-C, Cheng Y-L, Tzao C, Hsu H-H, Chang H, et al. 
Contralateral recurrence of primary spontaneous pneumothorax. 
Chest Journal. 2007;132(4):1146-1150.

 17. Casali C, Stefani A, Ligabue G, Natali P, Aramini B, Torricelli P, 
et al. Role of blebs and bullae detected by high-resolution computed 
tomography and recurrent spontaneous pneumothorax. Ann Thorac 
Surg. 2013;95(1):249-255.

 18. Martínez-Ramos D, Ángel-Yepes V, Escrig-Sos J, Miralles-Tena JM, 
Salvador-Sanchís JL. Usefulness of computed tomography in 
determining risk of recurrence after a first episode of primary 
spontaneous pneumothorax: therapeutic implications. 
Arch Bronconeumol. 2007;43(6):304-308.

 19. Ouanes-Besbes L, Golli M, Knani J, Dachraoui F, Nciri N, 
El Atrous S, et al. Prediction of recurrent spontaneous pneumothorax: 
CT scan findings versus management features. Respir Med. 2007; 
101(2):230-236.

 20. Ganesalingam R, O’Neil RA, Shadbolt B, Tharion J. Radiological 
predictors of recurrent primary spontaneous pneumothorax 
following non-surgical management. Heart Lung Circ. 2010;19(10): 
606-610.

 21. Lippert H, Lund O, Blegvad S, Larsen H. Independent risk fac-
tors for cumulative recurrence rate after first spontaneous 
pneumothorax. Eur Respir J. 1991;4(3):324-331.

 22. Sadikot R, Greene T, Meadows K, Arnold A. Recurrence of 
primary spontaneous pneumothorax. Thorax. 1997;52(9):805-809.

 23. Abolnik IZ, Lossos IS, Gillis D, Breuer R. Primary spontaneous 
pneumothorax in men. Am J Med Sci. 1993;305(5):297-303.

 24. Massongo M, Leroy S, Scherpereel A, Vaniet F, Dhalluin X, 
Chahine B, et al. Outpatient management of primary spontaneous 
pneumothorax: a prospective study. Eur Respir J. 2014;43(2):
582-590

 25. Ferraro P, Beauchamp G, Lord F, Emond C, Bastien E. 
Spontaneous primary and secondary pneumothorax: a 10-year study 
of management alternatives. Can J Surg. 1994;37(3):197-202.

 26. Chen J-S, Hsu H-H, Tsai K-T, Yuan A, Chen W-J, Lee Y-C. Salvage 
for unsuccessful aspiration of primary pneumothorax: thoracoscopic 
surgery or chest tube drainage? Ann Thorac Surg. 2008;85(6):
1908-1913.

 27. Kuzucu A, Soysal Ö, Ulutas H. Optimal timing for surgical treat-
ment to prevent recurrence of spontaneous pneumothorax. 
Surg Today. 2006;36(10):865-868.

 28. Torresini G, Vaccarili M, Divisi D, Crisci R. Is video-assisted 
thoracic surgery justified at first spontaneous pneumothorax? 
Eur J Cardiothorac Surg. 2001;20(1):42-45.

 29. Chen J-S, Tsai K-T, Hsu H-H, Yuan A, Chen W-J, Lee Y-C. 
Intrapleural minocycline following simple aspiration for initial 
treatment of primary spontaneous pneumothorax. Respir Med. 2008; 
102(7):1004-1010.

 30. Noppen M. Do blebs cause primary spontaneous pneumothorax?: 
Con: Blebs do not cause primary spontaneous pneumothora. 
J Bronchology Interv Pulmonol. 2002;9(4):319-323.

 31. Dittrich FA, Goodwin DA. Early recognition of chronic airway 
disease by the 133Xe lung scan. JAMA. 1972;220(8):1120-1122.

 32. Raymond LW. Pulmonary barotrauma and related events 
in divers. Chest Journal. 1995;107(6):1648-1652.

 33. Russi EW. Diving and the risk of barotrauma. Thorax. 1998; 
53(suppl 2):S20-S24.

 34. Halaweish AF, Moon RE, Foster WM, Soher BJ, McAdams HP, 
MacFall JR, et al. Perfluoropropane gas as a magnetic resonance 
lung imaging contrast agent in humans. Chest Journal. 2013;144(4):
1300-1310.

 35. Sano A, Fukami T, Murakawa T, Nakajima J. Recurrent pneumo-
thorax related to Swyer-James syndrome. Ann Thorac Cardiovasc 
Surg. 2014;20(Supplement):539-541.

 36. Porpodis K, Zarogoulidis P, Spyratos D, Domvri K, Kioumis I, 
Angelis N, et al. Pneumothorax and asthma. J Thorac Dis. 2014;
6(Suppl 1):S152.

 37. Marshall R, Lanphier E, DuBois A. Resistance to breathing in 
normal subjects during simulated dives. J Appl Physiol. 1956;9(1):
5-10.

 38. Held HE, Pendergast DR. Relative effects of submersion and 
increased pressure on respiratory mechanics, work, and energy 
cost of breathing. J Appl Physiol. 2013;114(5):578-591.
 39. Tetzlaff K, Reuter M, Leplow B, Heller M, Bettinghausen E. 
Risk factors for pulmonary barotrauma in divers. Chest Journal. 
1997;112(3):654-9.

 40. Calder I. Autopsy and experimental observations on factors 
leading to barotrauma in man. Undersea Biomed Res. 1985;12(2):
165-182.

 41. Liebow A, Stark J, Vogel J, Schaefer K. Intrapulmonary air 
trapping in submarine escape training casualties. U S Armed Forces 
Med J. 1959;10(3):265-289.

 42. Collins Jr JJ. An unusual case of air embolism precipitated by 
decompression. N Engl J Med. 1962;266(12):595-8.

 43. Leitch D, Green R. Recurrent pulmonary barotrauma. Aviat 
Space Environ Med. 1986;57(11):1039-43.

 44. Saywell W. Submarine escape training, lung cysts and tension 
pneumothorax. Br J Radiol. 1989;62(735):276-278.

 45. Mellem H, Emhjellen S, Horgen O. Pulmonary barotrauma 
and arterial gas embolism caused by an emphysematous bulla in a 
SCUBA diver. Aviat Space Environ Med. 1990;61(6):559-562.

 46. Broome CR, Jarvis LJ, Clark RJ. Pulmonary barotrauma in 
submarine escape training. Thorax. 1994;49(2):186.

 47. Toklu A, Kiyan E, Aktas S, Cimsit M. Should computed chest 
tomography be recommended in the medical certification of 
professional divers? A report of three cases with pulmonary air cysts. 
Occup Environ Med. 2003;60(8):606-608.



208

 48. Ayed A, Chandrasekaran C, Sukumar M. Aspiration versus tube 
drainage in primary spontaneous pneumothorax: a randomised 
study. Eur Respir J. 2006;27(3):477-482.

 49. Chan SS, Lam PK. Simple aspiration as initial treatment for 
primary spontaneous pneumothorax: results of 91 consecutive 
cases. J Emerg Med. 2005;28(2):133-138.

 50. Chen J-S, Chan W-K, Tsai K-T, Hsu H-H, Lin C-Y, Yuan A, et al. 
Simple aspiration and drainage and intrapleural minocycline 
pleurodesis versus simple aspiration and drainage for the initial 
treatment of primary spontaneous pneumothorax: an open-label, 
parallel-group, prospective, randomised, controlled trial. Lancet. 
2013;381(9874):1277-1282.

 51. Cliff J. Spontaneous pneumothorax in the Royal Navy. Proc R 
Soc Med. 1957;50(7):517.

 52. Cohen S, Kinsman JM. Nontraumatic spontaneous pneumo-
thorax among military personnel. N Engl J Med. 1946;235(13):
461-417.

 53. Cran I, Rumball C. Survey of spontaneous pneumothoraces 
in the Royal Air Force. Thorax. 1967;22(5):462-465.

 54. DuBose HM, Price HJ, Guilfoil PH. Spontaneous pneumothorax: 
medical and surgical management: analysis of 75 patients. N Engl J 
Med. 1953;248(18):752-756.

 55. Hyde L. Benign spontaneous pneumothorax. Ann Intern Med. 
1962;56(5_Part_1):746-751.

 56. Marquette C, Marx A, Leroy S, Vaniet F, Ramon P, Caussade S, 
et al. Simplified stepwise management of primary spontaneous 
pneumothorax: a pilot study. Eur Respir J. 2006;27(3):470-476.

 57. Myerson RM. Spontaneous pneumothorax: a clinical study 
of one hundred consecutive cases. N Engl J Med. 1948;238(14):
461-463.

 58. Noppen M, Alexander P, Driesen P, Slabbynck H, Verstraeten A. 
Manual aspiration versus chest tube drainage in first episodes of 
primary spontaneous pneumothorax: a multicenter, prospective, 
randomized pilot study. Am J Respir Crit Care Med. 2002;165(9):
1240-1244.

 59. Ornstein GG, Lercher L. Spontaneous pneumothorax in 
apparently healthy individuals. Quart Bull, Sea View Hosp. 
1942;7:149.

 60. Perry KM. On spontaneous pneumothorax. QJM. 1939;8(1):1-
22.

 61. Rottenberg LA. Spontaneous pneumothorax: a study of 105 
cases 1. Radiology. 1949;53(2):157-

 62. Schneider L, Reissman I. Idiopathic spontaneous pneumothorax: 
History of 100 Unselected Cases 1. Radiology. 1945;44(5):485-8.
 63. Voge V, Anthracite R. Spontaneous pneumothorax in the USAF 
aircrew population: a retrospective study. Aviat Space Environ Med. 
1986;57(10 Pt 1):939-949.

 64. Voisin F, Sohier L, Rochas Y, Kerjouan M, Ricordel C, 
Belleguic C, et al. Ambulatory management of large spontaneous 
pneumothorax with pigtail catheters. Ann Emerg Med. 2014; 
64(3):222-228.
      ✦

UHM 2018, Vol. 45, No. 2 – DIVING AFTER PsP

Alvarez Villela M, Dunworth S, Harlan NP, Moon RE


