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Oz

Amag: Pulmoner tromboemboli icin risk faktérii olmayan hastalarda pulmo-
ner tromboemboli ile nemlilik, sicaklik, basing arasindaki iligki hakkinda sinir-
I bilgi mevcuttur. Bu calisma; pulmoner tromboemboli icin risk faktérii olan
ve olmayan hastalarda pulmoner tromboembolinin sikligi-siddeti ile meteo-
rolojik faktorler veya mevsimsel degiskenlikler arasinda iliskisi olup olmadi-
gini arastirmistir. Gereg ve Yontem: 2009-2011 yillari arasinda 81 pulmoner
tromboemboli tanisi alan hasta bu restrospektif calismaya alindi. Tani anin-
daki meteorolojik faktérler geriye donuk olarak Meteoroloji Genel Miidurli-
gu verileri kullanilarak kaydedildi. Sicaklik, atmosferik basing, nemlilik ve has-
ta ozellikleri istatistiksel olarak degerlendirildi. Bulgular: 22 hasta (%27.2) ilk-
baharda, 25 (%30.9) hasta yaz mevsiminde tani almisti. Pulmoner trombo-
emboli sikligr diisiik nem diizeyleriyle negatif iliskideydi (p: 0,001). Orta du-
zeydeki atmosferik basin¢ta pulmoner tromboemboli sikligi daha yiiksekti (p:
0,001). Pulmoner tromboemboli icin risk faktorii olan ve olmayan hastalar-
da meteorolojik faktérlerle (sicaklik, basing ve nem degerleri) pulmoner trom-
boemboli siddeti arasinda istatistiksel olarak anlamli bir iligki saptanmamis-
tir. Tartisma: ilkbahar ve yaz mevsiminde pulmoner tromboemboli siklig daha
fazla olabilir. Calismamiz gésterdi ki; nemlilik ile pulmoner tromboemboli ara-
sinda iliski vardir. Bilinen risk faktorii olmayan pulmoner tromboemboli has-
talarina yaklasimda mevsimsel degisimler akilda tutulmaldir.
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Abstract

Aim: There is inadequate knowledge about the relationship between pulmo-
nary thromboembolism and humidity, temperature, and pressure in patients
without risk factors for pulmonary thromboembolism. This study investigat-
ed whether or not there is an association between the frequency and se-
verity of pulmonary embolism and meteorological parameters. Material and
Method: A total of 81 patients who were diagnosed with pulmonary throm-
boembolism during the years 2009-2011 were included in this retrospec-
tive study. Meteorological factors at the time of diagnosis were recorded
retrospectively, using data from the Turkish State Meteorological Service.
Temperature, atmospheric pressure, humidity, and patient features were
evaluated statistically. Results: Twenty-two patients (27.2%) were diagnosed
in the spring, while 25 (30.9%) were diagnosed in summer. The incidence
of pulmonary thromboembolism was negatively correlated with decreasing
humidity (p: 0.001). Pulmonary thromboembolism incidence was higher in
moderate atmospheric pressure (p: 0.001). We found no statistically signifi-
cant relationship between the severity of pulmonary embolism and meteoro-
logical factors (temperature, atmospheric pressure, and humidity) in patients
with or without risk factors for pulmonary thromboembolism. Discussion: We
observed that incidence of pulmonary thromboembolism may be higher in
spring and summer. Our study demonstrated that there was an association
between pulmonary thromboembolism and humidity. Seasonal variations in
meteorological parameters should be considered in treatment of patients
with pulmonary thromboembolism but no known risk factors.
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Introduction

It is well established that cardiovascular and cerebrovascular
events show seasonal and monthly variation. There is conflict-
ing information about the seasonal distribution of pulmonary
thromboembolism (PTE). A meta-analysis of studies up to Janu-
ary 2010 showed that incidence of PTE was higher in winter
and in January [1]. The exact mechanism to explain infradian
(seasonal) variations in PTE is still obscure, but some studies
have pointed out that seasonal variations might be the cause
of altered coagulation. Elucidating the underlying mechanism
may allow clinicians to diagnose PTE earlier and to decide on
different prophylaxis strategies in high-risk seasons or months.
A recent study showed that there were seasonal variations in
episodes of idiopathic PTE and that there was also a signifi-
cant association between decreased atmospheric pressure and
increased temperature [2]. The aim of this study was to inves-
tigate the relationship between PTE and humidity, atmospheric
pressure, and temperature.

Material and Method

All outpatient clinic admissions were investigated between Jan-
uary 2009 and December 2012.A total of 81 patients who were
diagnosed as PTE were included in the study. Data were retro-
spectively investigated using the local patient database system
and patients’ anamnesis forms. Patients from different regions
of the country (that is, who did not live locally) were not in-
cluded. Immobility, recent long-distance travel, genetic throm-
bophilia, surgical intervention, and malignity are considered
risk factors for PTE, and patients with or without risk factors
were evaluated separately. Local weather information for the
province of Ankara was obtained from the Turkish State Me-
teorological Service. Weather temperature, humidity, and atmo-
spheric pressure data were recorded as part of the study. Time
passed from onset of symptoms to diagnosis was recorded for
each patient. The meteorological values attributed to each pa-
tient were the means of the values in the three days preceding
the time of diagnosis of PTE [3,4]. Diagnosis was made with
multislice spiral computed tomography pulmonary angiography
(CTPA). The patients were divided into three subgroups as non-
massive, sub-massive, and massive [5]. Massive PTE is char-
acterized by systemic hypotension or shock. A subgroup of pa-
tients with non-massive PTE who are hemodynamically stable
but with right ventricular dysfunction or hypokinesis confirmed
by echocardiography is classified as sub-massive PTE.
Statistical Analysis

All analyses were performed using SPSS 11.5 package soft-
ware. As descriptive statistics, the arithmetic mean standard
deviation [median (min-max)] was used for quantitative vari-
ables and the frequency (%) was used for qualitative variables.
Chi squared test for equality of proportions were used. In order
to determine which groups differ, post-hoc tests (Mann Whitney
U with Bonferroni correction) were used with pairwise compari-
son. A p value of less than 0.05 was considered as statistically
significant. Analysis was performed in Ankara, Turkey.

Results
47 (58%) of the 81 patients were female and the mean age
of patients was 65 + 15 years. Forty-six (56%) patients had

no known risk factors. Poor mobility/immobility in 8 patients,
malignity in 12 patients, surgical intervention in 9 patients, and
genetic thrombophilia were encountered as risk factors. Most
of the patients were diagnosed in the spring (n= 22, 27.2%) and
in summer (n= 25, 30.9%, p= 0.339). Also, the months when
the most patients were diagnosed were May (n= 12, 14.8%, p=
0.656) and August (n=9, 11.1%). Season and month distribution
of pulmonary thromboembolism cases is shown in Table 1.

The mean temperature was 13.8 + 9.61 °C, mean atmospheric
pressure was 914.1 4.35 hPa, and mean humidity was 57 =
16.1%, computed as means of the values for the three days pre-
ceding the time of diagnosis of PTE. PTE diagnosis was higher
in low-moderate atmospheric pressures. The frequency of PTE
was higher in low-moderate humidity and the difference was of
statistical significance (p< 0.001) (Table 2).

According to disease severity, there were 61 (75%) non-mas-
sive, 14 sub-massive (17.3%), and 6 (7.4%) massive PTE cases.
We found no statistically significant relationship between the
severity of PTE and temperature (p= 0.363), atmospheric pres-
sure (p= 0.093), or humidity (p= 0.519) (Table 3). Non-massive

Table 1. Seasonal and monthly distribution of pulmonary thromboembolism
patients

Month of Diagnosis %

>

January 5 6.2
February 6 7.4
March 6 7.4
April 4 4.9
May 12 14.8
June 8 9.9
July 8 9.9
August 9 111
September 5 6.2
October 5 6.2
November 8 9.9
December 5 6.2
Season of Diagnosis n %
Spring 22 272
Summer 25 30.9
Autumn 19 235
Winter 15 18.5

Table 2. Distribution of patients among temperature, pressure, and humidity
intervals

n % p value
Parameters and value Temperature(°C)

-5-7 23 284
7.1-19 27 333 0411
19.1- 31 31 383
Atmosperic Pressure (hPa)
900-910 14 173
911-920 60 741 <0.001
921-930 7 8.6
Humidity (%)
25-50 28 346
50-75 40 494 <0.001
75-100 13 185

Journal of Clinical and Analytical Medicine | 285



SEASONAL CHANGES AND PULMONARY THROMBOEMBOLISM

Table 3. Meteorological parameters and the severity of pulmonary thromboem-
bolism

Severity
Non-massive  Sub-massive  Massive P
(n: 61) (n: 14) (n: 6) value
" Temperature(°C) 12.72 +9.82  16.80%8.01 14.77+10.59 0.363
g Atmospheric 914.38+4.33 912.42+4.16 916.55+4.10 0.093
g 5 Pressure (hPa)
FE Humidity (%) 58.51+16.24 56.25+17.78 51.33+9.41 0.519

PTE was slightly more common in autumn-winter seasons than
in spring-summer season. Sub-massive and massive presenta-
tion was slightly more common in spring-summer seasons than
in autumn-winter seasons, although neither difference was sta-
tistically significant (Table 4, Figure 1).

We found no statistically significant association between PTE
severity and temperature (p= 0.97), atmospheric pressure (p=
0.66), or humidity (p= 0.65) in patients without known risk fac-
tors (Table 5).

Table 4. Seasonal variations and the severity of pulmonary thromboembolism

Seasons Pulmonary Thromboembolism Severity Total
Non-massive Sub-massive Massive

Spring (n) 15 7 0 22

(%) 682% 31.8% 0.0% 100.0%
Summer (n) 17 6 2 25

(%) 68.0% 24.0% 8.0% 100.0%
Autumn (n) 16 1 2 19

(%)  84.2% 5.3% 10.5% 100.0%
Winter (n) 13 0 2 15

(%)  86.7% 0.0% 13.3% 100.0%
Total (n) 61 14 6 81

(%)  75.3% 17.3% 7.4% 100.0%

Table 5. Meteorological parameters and the severity of pulmonary thromboem-
bolism in patients without risk factors

Severity

Non-massive  Sub-massive  Massive P

(n: 36) (n: 7) (n: 3) value
2 Temperature(°C) 13.87+9.78 12.86+8.45 13.17+10.53 0.978
()
I Atmospheric 914.23+4.19 913.81+3.82 91543+460 0.660
E S Pressure (hPa)
= o
& £ Humidity (%) 56.73+16.18 61.11:17.16  53.53+11.50 0.653

Seasonal variations
18 17

16
16 15
14 13

0
0 1

Spring Summer Autumn Winter

the severity of pulmonary thromboembolism

—eo—Non-massive  =@=Sub-massive Massive

Figure 1. Seasonal variations and the severity of pulmonary thromboembolism

Discussion

We found that PTE was higher in low-moderate atmospheric
pressures. The frequency of PTE was higher in lower humid-
ity. We found no statistically significant relationship between
the severity of PTE and temperature, atmospheric pressure, or
humidity. Our study was the first to show that the frequency
of PTE is higher at lower humidity and atmospheric pressures.
Many research studies have investigated the effects of me-
teorological factors on the frequency of cardiovascular and
cerebrovascular pathologies. Although incidence of PTE was
shown to be higher in winter and at lower atmospheric pres-
sures, there have also been studies reporting conflicting results
[6-11]. The increasing interest in the relationship between PTE
and meteorological parameters has arisen from the desire to
better understand the mechanisms of PTE in order to take pre-
cautions against predictable risk factors. Current studies have
fallen short in clarifying this relationship. Investigating the re-
lation between coagulation factors and meteorological param-
eters has been another approach to establish the pathophysiol-
ogy of pulmonary thromboembolism [12]. Such research may
help uncover the subgroup of patients requiring more aggres-
sive prophylaxis regimen against PTE in the absence of known
risk factors.

A recent study showed that higher atmospheric pressures was
linked to an increase not only in frequency but also in severity of
PTE [13]. In our study, the relationship between humidity, pres-
sure, and temperature and the severity of PTE was investigated
by dividing patients with or without known risk factors into
different groups. The influence of humidity, pressure, and tem-
perature on PTE severity had not yet been specifically inves-
tigated in patients without known risk factors. We found that
the frequency of PTE was higher in lower humidity. A study that
had not analyzed the risk factors found an inverse correlation
between humidity and PTE [3], the same as our study result.

In our study, incidence of PTE was higher in spring and sum-
mer but the correlation was statistically insignificant. In a study
from Turkey, Oztuna et al. [11] found that incidence of PTE was
highest (n= 72, 35%) in spring. In our study, PTE was more fre-
quent at low atmospheric pressures and at high temperatures,
but this finding was statistically insignificant, possibly due to
the low number of patients. Our finding that incidence of PTE
was increased with decreasing atmospheric pressure supports
the findings of the study by Staskiewicz et al. [13]. Meral et al.
[9] and Masotti et al. [10] also reported that incidence of PTE
increased with decreasing atmospheric pressure.

Similar to the study of Nimako et al. [2], our study demonstrat-
ed that incidence of PTE increased at higher temperatures.
In our case, this relationship was not statistically significant.
These authors also reported that, similar to us, incidence of PTE
increased with decreasing atmospheric pressure. Similar to us,
Nimako et al. studied the seasonal changes of PTE frequency in
patients without known risk factors for PTE.

The relationship between seasonal changes and PTE severity
was taken into consideration in our study. We found no signifi-
cant relationship between PTE severity and seasonal changes
in those patients without known risk factors for PTE. Also, we
found no significant relationship between the severity of PTE
and temperature, humidity, or pressure levels. Staskiewicz et al.
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[13] demonstrated that severity of PTE increased with decreas-
ing atmospheric pressure. Further study is needed to clarify
whether PTE severity depends on meteorological parameters
and seasonal changes in patients without known risk factors for
PTE. Such consideration may help uncover the subgroup of pa-
tients requiring more aggressive prophylaxis regimen against
PTE in the absence of known risk factors during these seasons
or periods of low or high humidity, temperature, or atmospheric
pressure.

A limitation of our study was the relatively small sample size of
patients without risk factors for PTE. The retrospective design
of the study contributed to some data collection difficulties.
This limitation can be overcome by planning further prospec-
tive cohort studies. Despite these limitations, the findings are
valid and the stated relationships may contribute to the deci-
sion making of clinicians.

Conclusion

In conclusion, PTE may be more frequent in spring-summer sea-
sons not only during winter seasons as has been reported in
previous studies. The incidence of PTE may be higher in lower
atmospheric pressures and humidity. We found no significant
relationship between PTE severity and meteorological parame-
ters or seasonal changes. Therefore, further studies are needed
to reveal whether there is a relationship between PTE severity
and meteorological parameters or seasonal changes, especially
for those patients without known risk factors for PTE.
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