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Effect of earthquakes on spontaneous pneumothorax
development
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Abstract

Aim: This study researched the effect of earthquakes, affecting meteorological parameters by causing pressure changes in the
atmosphere, on the development of spontaneous pneumothorax (SP) and which periods after earthquakes were risky in terms of SP
development.

Material and Methods: The study retrospectively investigated the files of 117 cases, 4 females (3.4%) and 113 males (96.6%) with
spontaneous pneumothorax diagnosis in the emergency service of our hospital within a five-year period. The day patients attended
hospital was accepted as the day of pneumothorax formation. Meteorological data for the study period was obtained from the
Republic of Turkey General Directorate of Meteorology. Earthquake data for the study period were obtained from the Earthquake
Department of the Republic of Turkey Disaster And Emergency Management Presidency website. The correlation of the changes in
air temperature, humidity and pressure values of the day on which SP occurred compared to the previous day was investigated with
SP. Additionally, risk analysis was performed for the correlation of SP formation time with earthquake days and the time interval after
earthquakes.

Results: Within the study duration, the number of SP cases on the same day as earthquakes in the region was 27, with earthquake
magnitude a minimum of 2.10 and maximum of 4.00 with mean of 2.5+0.47 calculated. Cases attending on days without earthquakes
(n=90) were assessed in terms of how many days after the last earthquake they attended and mean duration was 8.1448.03 days, with
attendance due to pneumothorax a minimum of 1 day and maximum 44 days later. As the duration after an earthquake lengthened,
there was a statistically significant reduction in the number of attendances.

Conclusion: SP is a clinic that can be diagnosed initially by doctor suspicion. In our study, we identified earthquakes were effective
on pneumothorax development. As a result, we believe it is necessary to initially consider SP diagnosis for cases attending the
emergency department with dyspnea and chest pain complaints in this risky period.
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INTRODUCTION changes in the pressure levels in the air, and is known
to affect wind speed, temperature and rainfall amounts
(4). The study by Liperovsky et al. proposed that there
is gas output to the atmosphere for several days before
an earthquake and this may be a new acceptable type
of earthquake indicator (5). In Turkey, Western Anatolia,
North Anatolia and East Anatolia are affected by fault
lines and earthquakes are considered to be associated
with meteorological data (6). In the literature it is reported
that significant changes in atmospheric pressure
The significant natural event of earthquake causes may be included in the pathogenesis of spontaneous

The accumulation of air between the visceral and parietal
pleura in individuals without any pulmonary pathology is
called spontaneous pneumothorax (SP) (1). The etiology
of spontaneous pneumothorax is still being researched.
Factors known to cause SP include smoking, being a
young tall male, and being blond, explosion of subpleural
blebs or bullae and development of negative pressure
within the pleural cavity (2,3).
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pneumothorax (7). Our study researched the correlation
of earthquakes, affecting meteorological events, with SP
and which time interval after earthquakes formed the risk
period.

MATERIAL and METHODS

During the five-year period of the study a total of 117 cases
with SP diagnosis attended the emergency department in
our hospital. The patients consisted of 4 (3.4%) female
and 113 (96.6%) male. The day patients attended hospital
was accepted as the day of spontaneous pneumothorax
formation.

Thefiles of patients with SP diagnosis were retrospectively
investigated for age, gender, symptoms on attending
emergency service, posterior-anterior lung radiography,
thorax tomography, and lung lobe with pneumothorax
development, treatment methods (medical and surgical),
previous SP history and smoking habit.

The mean, minimum and maximum values of temperature
in centigrade, atmospheric pressure in millibars and
relative humidity in percentages were taken from daily
meteorological data for the study period obtained from the
Republic of Turkey General Directorate of Meteorology.
Additionally, daily minimum values were subtracted from
maximum values for atmospheric pressure, temperature
and humidity to calculate max-min differences. Days
with spontaneous pneumothorax development had the
difference compared to the previous day's temperature,
atmospheric pressure and humidity rate calculated and
the correlation of daily meteorological variations with
patients developing SP was investigated.

Earthquake data belonging to the study period were
obtained from the Earthquake Department of the
Republic of Turkey Disaster And Emergency Management
Presidency website, the SP cases divided into two
groups as those with SP developing on the same day as
earthquakes and those with SP not developing on the same
day as earthquakes. For cases with SP not developing on
the same day as an earthquake, the number of days since
the last earthquake was researched. Additionally, the
mean magnitude of the earthquakes was calculated.

Statistical Analysis

All data analyses were conducted using the SPSS
v25 (IBM Inc., Chicago, IL, USA) statistical software
package. Prior to the statistical analyses, the data were

tested for normality using the Shapiro—Wilks test and
for homogeneity of variance using the Levene's test.
Independent samples t-test was used to assessment
differences between two groups. Cross-tabulations were
generated to describe the relationship between categorical
variables, and the independence check was performed on
the cross-tabulations using a chi-square test (x2) and
Contingency Coefficient (CC). Likelihood Ratio Chi-square
values (LR Xx2) were calculated for frequencies below
5. The Pearson's correlation analysis test was used to
determine the relation between continuous variables. All
comparisons were two-tailed and P-value less than 5%
was considered statistically significant.

RESULTS

During the five-year duration, of the 117 pneumothorax
cases attending the emergency service of our hospital
3.4% were female (n=4) and 96.6% were male (n=113).
The mean age of cases was 37.08+18.80 years with the
youngest case 16 and the oldest case 98 years. Of our
cases, 80.3% (n=94) smoked. Additionally, when the
history of patients is investigated, 23.9% (n=28) had
previous history of pneumothorax.

When the symptoms on attendance in the emergency
department are investigated, 96.6% (n=113) had
shortness of breath and 70.9% (n=83) had chest pain. Of
cases, 82.9% (n=97) had tube thoracotomy administered
for treatment, while 17.1% (n=20) were monitored with
medical treatment (oxygen, analgesia, etc.).

The difference between meteorological data for the
days when spontaneous pneumothorax developed and
the previous day in terms of temperature, atmospheric
pressure and relative humidity in percentages was
investigated. Temperature variation was minimum -9
°C with maximum variation 8 °C and mean variation
identified as 0.04+3.05 °C. Pressure variation was
minimum -10 HPA (Hectopascal) with maximum variation
8 HPA and mean of 0.04+2.69 HPA calculated. Humidity
variation was minimum -15% and maximum 8% with
mean of -0.07+2.29% calculated. When those attending
on the same day as earthquakes and those attending on
non-earthquake days after earthquakes are compared,
the air pressure, temperature and humidity values were
compared. When temperature, pressure and humidity
variables were compared with SP on earthquake days and

Table 1. Comparison of air values on days with and without earthquakes when pneumothorax cases were admitted

SP With Earthquake days
n average S.S n
Temperature 27 -0.25 3.41 90
Pressure 27 -0.88 2.69 90
Humudity 27 -0.55 14.35 90

Cl :Confidence Interval *t: temperature change, p: statistical value

SP Without Earthquake days

average S.S ! P “
0.13 2.94 -0.58 0.56 -1.72-0.93
0.16 2.66 -1.80 0.07 -2.21-0.10
1.47 9.90 -0.83 0.40 -6.83-2.78
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non-earthquake days, it was found that these variables did
not affect SP development statistically (p=0.05) (Table 1).

During the study period in the region, the number of cases
with SP on the same day as earthquakes was 27 (23.07%),
with the number of SP cases not on the same day as
earthquakes identified as 90 (76.93%). The smallest
magnitude earthquake on the same day as SP was 2.10,
the largest was 4.00 with mean magnitude calculated as
2.54+0.47.

Another parameter assessed in our study was the number
of days after the last earthquake that the cases with SP
not on earthquake days attended. The mean value was
8.1448.03 days with attendance due to pneumothorax
minimum 1 day after earthquake and maximum 44 days
after earthquake. The trend was investigated with the
chi-square test and as the duration since earthquakes
lengthened, the number of applications was observed to
statistically significantly reduce (trend x2=22.44 p <0.05)
(Figure 1).

Days After Earthquake

Frequency

B bl2sE 00 s e N
“888888888§3§§3§§ﬂ'“""'°°'“’"°’g
Days After Earthquake

Figure 1. Time Relationship With Earthquake

Limitations of the study are considered to include not
obtaining the expected values due to the small size of
the sample. Additionally, as all-weather parameters were
not analyzed during the study, and only values for days
pneumothorax cases attended and the previous day were
studied, so the inability to sufficiently determine changes
in weather patterns is a limitation of our study.

DISCUSSION

If SP diagnosis is not made or made late, it is a disease
with increasing morbidity and mortality. The incidence rate
of SP varies according to gender. The annual incidence of
spontaneous pneumothorax is reported as 18-28/100,000
in males and 1.2-6/100,000 in females (9). A study by
Bozkurt et al. reported the incidence of SP was greater in
males compared to females (91.6% vs. 8.4%, respectively)
(10). In our study of 117 pneumothorax cases, 3.4% were
females (n=4) and 96.6% were males (n=113).

Smoking is known to be among etiologic factors of SP.
Smokers are reported to have increased incidence of SP
anditis reported that 71.7% of cases developing SP smoke
(11). Another study reported that people who smoke have
more than 20 times SP compared to those who do not
smoke (12). In our study, similar to the literature, 80.3%
(n=94) were identified to smoke.

Cases with SP attend the emergency service with different
clinical symptoms like sudden chest pain, dyspnea,
tachycardia, sweating, hypotension, pallor and cyanosis
(10). However, the most common symptom is chest pain
and there are studies reporting attending symptoms
are independent of clinical progression (12). In our
study, when symptoms on attendance in the emergency
department are investigated 70.9% (n=83) had chest pain,
29.1% (n=34) did not have chest pain and 96.6% (n=113)
had shortness of breath, while 3.4% (n=4) did not have
shortness of breath.

There are different treatment methods like observation,
oxygen, catheter drainage, chest tube drainage and
surgery for SP (13). In the literature, the choice of initial
management for treatment of SP is controversial; however,
a study reported tube thoracostomy was used more than
observation (14). In our study, 82.9% of cases (n=97) were
treated with tube thoracotomy, while 17.1% (n=20) were
monitored with medical treatment (oxygen, analgesia,
etc.).

There are publications stating there is a correlation
between meteorological changes and SP, while there are
also publications reporting the opposite (8). The study
by Ozpolat et al. reported atmospheric and temperature
variations were associated with the development of
SP (15). Ozenne et al. reported that the incidence of CP
increased with decreasing moisture (16) and also Bense
reported an increase in the frequency of SP development
when atmospheric pressure decreased (17). In our study,
27 patients admitted with SP on earthquake days and
90 patients admitted on non-earthquake days. When
temperature, pressure and humidity variables of these
patients were compared for SP on earthquake days and
non-earthquake days, it was found that these variables
did not affect SP development. In the literature, it is
reported that variations in atmospheric pressure increase
the incidence of SP (18). However, there are studies in the
literature reporting no correlation between temperature,
humidity and atmospheric changes with SP (19). In
our study, when comparisons are made between those
attending on the same day as earthquakes and those
attending on non-earthquake days, the air pressure,
temperature and humidity values were compared in these
categories. There was no significant statistical correlation
identified in air values according to earthquake days and
non-earthquake days (p = 0.05)

The important natural event of earthquake is known
to affect atmospheric pressure, increase wind speeds,
create clouds, affect jet stream areas, determine currents,
affect temperature, and rainfall amounts (4). According to
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the study by Sindirgi et al. there is a correlation reported
between earthquakes and meteorological events (18).
Another study reported meteorological variations occurred
before the Livorno earthquake in ltaly in 1742 (4). In the
literature there are other references reporting correlations
of earthquakes with meteorological variations (19,20). In
our research, the correlation of SP, affected by changes in
atmospheric pressure, with earthquakes causing changes
in atmospheric pressure was investigated for the first time.
Of all SP cases, 23% (n=27) attended on the same day as
earthquakes. For the remaining SP cases, the duration
since an earthquake was researched. Of the 90 cases not
on earthquake days (73%), they attended a minimum of
1 day and maximum of 44 days after earthquakes, with
mean of 8.14 days (SD:8.03). The chi-square test of the
trend observed that as the duration after an earthquake
lengthened, there was a statistically significant reduction
in number of applications (x2=22.44 p <0.05 for the trend).

The pressure changes were not reflected in the study
data sufficiently because of the small sample size. This
situation is a limitation of our study.

CONCLUSION

To our knowledge, there was no similar study like our
study in the literature. In our study, it has been shown that
earthquakes are among the etiologic factors of SP. First of
all, the occurrence of the SP have a high incidence on the
earthquake days and the first 8 days after earthquakes. As
a result, we believe it is necessary to initially consider SP
diagnosis for cases attending the emergency department
with dyspnea and chest pain complaints in this risky
period.

Competing interests: The authors declare that they have no competing
interest.

Financial Disclosure: There are no financial supports.

Ethical approval: The present study was conducted in accordance
with the protocol approved by In6nii Univesity Local Ethics Committee
(2018/2-20).

Atakan Savrun ORCID: 0000000174684159
Bilgehan Demir ORCID: 0000000334582398
Seyda Tuba Savrun ORCID: 0000000265122987
Emre Gokcen ORCID: 0000-0002-6018-6105
Ibrahim Caltekin ORCID: 0000-0002-3973-0655
Hacer Yasar Teke ORCID: 0000-0003-2311-5145
Hilal Korkmaz ORCID: 0000-0002-9097-1024

REFERENCES

1. Baumann MH, Noppen M. Pneumothorax. Respirology
2004;9:157-64.

2. Bradley M, Williams C, Walshaw MJ. The value of
routine expiratory chest films in the diagnosis of
pneumothorax. Arch Emerg Med 1991;8:115-6.

3. Yazkan R, Han S. Pathophysiology, clinical evaluation
and treatment options of spontaneous pneumothorax.
Tuberculosis and Thoraks 2010;58:334-43.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

1064

Siit¢li K, Kesim GA. Relationship Between Satellite
Images and Earthquake In Meteorology, 2016;1211-
21.

Bozkurt S, Tokur M, Okumus M.t al. Role of
meteorological changes in occurrence of spontaneous
pneumothorax and clinical characteristics of patients.
Turkish j Cardiovascular Surgery 2013;21:95-9.

Jantz MA, Pierson DJ. Pneumothorax and barotrauma.
Respir Emerg 1994;15:75.

Schramel FM, Postmus PE, Vanerschueren RG. Current
aspects of spontaneous pneumothorax. Eur Respir J
1997;10:1372.

Shields TW. The pleura. In Shields TW, LoCicerolll J,
Reed CE, Feins RH, eds. General Thoracic Surgery, vol
1, 7th edition. Philadelphia: Lippincott Williams and
Wilkins; 2009.p. 740-61.

Sahn SA, Heffner JE. Spontaneous pneumothorax. N
Engl J Med 2000;342:868-74.

Brims FJ, Maskell NA. Ambulatory treatment in the
management of pneumothorax: A systematic review
of the literature. Thorax 2013;68:668-9.

Noppen M, Alexander P, Driesen P, et al. 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;165:1240-4.

Ozpolat B, Gozubuyuk A, Kocer B, et al. Meteorological
conditions related to the onset of spontaneous
pneumothorax. Tohoku J Exp Med 2009;217:329-34.
Alifano M, Forti Parri SN, Bonfanti B, et al. Atmospheric
pressure influences the risk of pneumothorax: beware
of the storm! Chest 2007;131:1877-82.

Suarez-Varel MM, Martinez-Selva Ml, Llopis-Gonzalez
A, et al. Spontaneous pneumothorax related with
climatic characteristics in the Valencia area (Spain).
Eur J Epidemiol 2000;16:193-8.

Ayed AK, Bazerbashi S, Ben-Nakhi M, et al. Risk factors
of spontaneous pneumothorax in Kuwait. Med Princ
Pract 2006;15:338-42.

Ozenne G, Poignie P, Lemercier JP, et al. Meteorological
conditions and  spontaneous  pneumothorax.
Retrospective study of 165 cases in the Rouen area.
Rev Pneumol Clin 1984;40:27-33.

Bense L. Spontaneous pneumothorax due to falls in
atmospheric pressure. Eur J Respir Dis 1984;65:544-6.
Sindirgir P Kaftan i. Evaluation of continuous
natural voltage data with artificial neural networks,
relationship with earthquake and rains. 3. Turkey
earthquake engineering and seismology conference,
Izmir (DEU), Turkey. 2015;1-8.

Pulinets S, Dunajecka M. Specific variations of air
temperature and relative humidity around the time
of Michoacan earthquake M8. 1 Sept. 19, 1985 as a
possible indicator of interaction between tectonic
plates. Tectonophysics 2007;431:221-30.

Pulinets S, Ouzounov D, Karelin A, et al. The physical
nature of thermal anomalies observed before strong
earthquakes. Physics and Chemistry of the Earth,
Parts A/B/C 2006;31:143-53.



