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Original Article

Increasing atmospheric temperature implicates increasing risk for 
acute type A dissection in hypertensive patients 
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Background: Acute type A aortic dissection (AAAD) is a life-threatening condition with high mortality 
within 24 hours. We hypothesized if there is a correlation between seasonal weather changes and the 
occurrence of AAAD. The aim of the present study was to identify seasonal specific weather and patient 
characteristics predicting the occurrence of AAAD.
Methods: This is a retrospective analysis of all consecutive patients of our department with AAAD between 
January 1st 2006 and December 31st 2016. The national meteorological department provided the data of 
temperature, humidity and air pressure during the study period. The occurrence of AAAD, preoperative 
neurological impairment and mortality were analyzed in correlation with the obtained daily weather data 
within the entire cohort and in patients with and without hypertension separately.
Results: A total of 517 patients were included. Mean age was 63.4±13 years, 69.4% were male and 68.8% 
had documented hypertension. In-hospital mortality was 17.7%. In the whole cohort, the occurrence of 
AAAD was significantly increased in March, October, December (P=0.016). In hypertensive patients, the 
occurrence was increased 34% with rising temperature (0.1–9.6 ℃, OR1.34, 95% CI: 1.06–1.69, P=0.015). 
There was no correlation between weather variables and preoperative neurological impairment or mortality.
Conclusions: Our data suggests a relation between an increasing number of events of AAAD and certain 
months within our catchment area and a significantly increased occurrence with rising temperatures 
(independent from absolute temperature at time of the event) in hypertensive patients. 
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Introduction 

Acute aortic dissection is a life-threatening condition. 
The annual incidence is estimated around 11.9 per  
100,000 (1). However, these numbers may underestimate 
the real incidence because of undiagnosed cases and out of 
hospital deaths (2,3). Type A aortic dissection (AAAD) is 
a surgical emergency (4). A mistaken initial diagnosis like 
myocardial infarction is very frequent (up to 30%) and can 
cause a significant time loss with increased risk of mortality 
(5,6). Mortality increases by 1% to 1.4% per hour when 
a patient remains untreated, leading to an almost 80% 
mortality rate without treatment (6,7). With surgical repair, 
in-hospital mortality remains at around 20–24% (6,7).

In order to optimize and accelerate diagnosis it is 
important to be aware of potential risk factors such as 
arterial hypertension, aortic dilatation or connective tissue 
diseases. However, besides these patient related aspects 
there might exist external factors which can increase the 
risk of an AAAD. There are studies discussing the potential 
impact of particular weather conditions with the occurrence 
of AAD (2,3,8-10). Most of them show a tendency with 
a peak of AAAD incidence in winter months and colder 
temperature but the results are not unambiguous (8,9,11,12).

The aim of the present study was to identify seasonal 
specific weather conditions (atmospheric temperature, 
humidity  and atmospheric  pressure)  and pat ient 
characteristics predicting the incidence and occurrence  
of AAD.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-824).

Methods

Study design

This is a retrospective study of all consecutive patients who 
underwent emergency surgical treatment for AAAD at our 
Department. Data were prospectively collected and entered 
in our database. 

Data collection

Basel ine  character i s t ics ,  operat ive  var iables  and 
postoperative outcomes and follow-up information about 
survival, major adverse cardiac and cerebrovascular event 
(MACCE)—free survival and freedom from reoperation 
(late events) were collected. For follow-up, the patients 

were seen at the outpatient clinic or were contacted by 
telephone. The closing date for the analysis of this cohort 
was November 2017.

Weather information

The weather data were provided by the IDAweb data base 
of the federal office of Meteorology and Climatology 
MeteoSwiss (13). We obtained data from a weather 
station situated approximately 500 m east from our 
hospital, which is a good representative of our catchment 
area of the north-eastern part of Switzerland [roughly  
12,000 km2 (14)]. The required information was the 
day mean value of atmospheric temperature, humidity 
and pressure for every day between January 1st 2006 
and December 31st 2016. Additionally, we calculated 
temperature humidity and atmospheric pressure difference 
from one day to another by subtracting the value of the 
actual from the value of the previous day. This method was 
chosen by our professional statistician to be statistically 
appropriate in order to answer our question. All events of 
AAAD were then analyzed in correlation with the obtained 
daily weather data including atmospheric temperature, 
humidity and air pressure (constant, rising and lowering 
compared to the day before and after) within the entire 
cohort and in patients with or without hypertension 
separately. Furthermore, we analyzed if atmospheric 
temperature, air pressure, humidity had an impact on 
preoperative neurological impairment and postoperative 
mortality. 

Definitions

Early death was defined as 30-day or in-hospital mortality. 
Interhospital transfer was not considered as discharge.

Renal impairment was defined as an increase of 
creatinine more than 50% (RIFLE-R/AKIN 1) (15). 

Permanent central neurological deficit was diagnosed 
in the presence of a symptomatic patient with correlating 
central lesions in cerebral computed tomography. Peripheral 
neurological deficit was diagnosed in the presence of a 
symptomatic patient without correlating central lesions in 
cerebral computed tomography.

Ethics

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
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approved by local Ethics Committee of Zurich (NO.: 2017-
00824) and informed consent was waived for all patients 
included until December 31st 2015. From January 1st 2016, 
all patients signed an informed consent according to the 
new national data privacy protection act.

Statistical analysis

All statistical analyzes were performed using IBM SPSS 
Statistics Version 23 (IBM Corp; Armonk, New York, 
USA) and R version 4.0.0 (R Foundation for Statistical 
Computing, Vienna, Austria). Categorical variables are 
presented as frequency with percentage, continuous 
variables as mean with standard deviation (SD). Follow-
up survival was analyzed using Kaplan-Meier curves. To 
analyze the association of the occurrence of AAAD with 
season and weather, the numbers of events for each day 
between January 1, 2006 and December 31, 2016 were 
counted. Because there were only 0.4% (16/4,018) days 
with two events, we compared days with and without events. 
The proportion of days with events was compared between 
months using the chi-square test. The association between 
days with AAAD and changing weather conditions was 
analyzed using chi-square test. Logistic regressions were 
performed as a multivariate analysis to adjust atmospheric 
temperature, humidity and pressure for month, analyzed 
as a categorical variable. Goodness of fit was assessed using 
the Hosmer-Lemeshow test. As a cutoff for the significance 
level a P value <0.05 was defined.

Results

Clinical and intraoperative characteristics

Between January 1st 2006 and December 31st 2016 536 
patients underwent surgery for AAAD at our department. In 
19 cases, no consent for this study could be obtained. A total 
of 517 patients were finally included in the study. Mean age 
was 63.4±13 and 35.8% were older than 70 years; 69.4% 
were male and 68.9% had a known arterial hypertension. 
Twenty-four percent were smokers and 26.3% had known 
dyslipidemia. Six per cent of the patients (n=31) presented 
with preoperative hemiparesis. Baseline characteristics are 
presented in Table 1. In Table 2, intraoperative characteristics 
are shown: Supracoronary replacement was performed in 
66.9% of the patients, hemiarch replacement in 54.9% and 
total arch replacement in 15.7%. The Bentall-De Bono 
operation was performed in 36.4% and a coronary artery 
bypass graft (CABG) in 9.4% of the patients. 

Early outcomes

Early outcomes are shown in Table 3. In-hospital mortality 
was 17.7% with the most frequent cause of death of multi 

Table 1 Baseline characteristics

Outcome

N 517 

Age 63.4±13 (19.6–88)

>70 35.8% 

Male 359 (69.4) 

Hypertension 356 (68.8) 

Aneurysm of ascending aorta 226 (43.7) 

Dyslipidemia 136 (26.4) 

Smoker 124 (24.0) 

Hemiparesis 31 (6.0) 

Reanimated 21 (4.1) 

Mean with standard deviation or range and number of patients 
with percentage.

Table 2 Intraoperative characteristics

Outcome

N 517 

Cross clamp time 109±54 

Total circulatory arrest 37±22 

Deepest temperature 26.2±4 

Antegrade cerebral perfusion 430 (83.2) 

Supracoronary replacement 346 (66.9) 

Hemiarch replacement 284 (54.9) 

Bentall-De Bono operation 205 (39.7)

Biological prosthesis 97 (18.7)

Mechanical prosthesis 91 (17.6)

Aortic valve resuspension 96 (18.6)

Total arch replacement 81 (15.7)

Coronary surgery 49 (9.5) 

Valve sparing root repair 18 (3.5) 

Mean with standard deviation or number of patients with 
percentage.
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organ failure. Postoperatively, 43.5% of the patients 

showed renal impairment, pneumonia appeared in 26.8%. 

Permanent central neurological impairment was observed 

in 86 patients (22.5%) and peripheral in 13.2%. 

The analysis of a seasonal correlation between the 

occurrence of AAAD within the entire cohort revealed a 

significantly increased number of events in certain months 

of the year (March, October and December, P=0.016,  
Figure 1). Atmospheric temperature also showed an impact 
on AAAD (P=0.03) whereas air pressure (P=0.06) and 
humidity (P=0.87) did not.

Subgroup analysis (hypertensive vs. non-hypertensive) 
revealed no impact on AAAD through air pressure 
(P=0.21) and humidity (P=0.59) but a significant monthly 
variation of AAAD occurrence in hypertensive (P=0.046,  
Figure 1). Furthermore, in hypertensive patients, a 
significantly increased risk of AAAD (34%) was present 
in conjunction with rising atmospheric temperature (OR 
1.34, 95% CI: 1.06–1.69, P=0.015), while this was not seen 
in non-hypertensive patients (P=0.9). The overall range of 
temperature difference was 0.1–9.6 ℃ between the mean 
values of two consecutive days. The occurrence of AAAD 
depending on atmospheric temperature is presented in 
Figure 2. The analysis of atmospheric humidity and air 
pressure difference did not seem to have an impact on the 
occurrence of AAAD in the hypertensive group (P=0.25 and 
P=0.98 respectively). 

Similarly, no significant correlation between seasonal 
changes and AAAD occurrence could be detected for 
preoperative neurological impairment (P=0.84 for 
temperature, P=0.36 for air pressure, P=0.45 for humidity) 
within the entire cohort. Because of the low appearance 
of neurological deficits, an analysis of the hypertensive 
group was neglected due to lack of power. In-hospital 
Mortality within the entire cohort and the hypertensive 
group showed no significant correlation either (P=0.37 for 

Table 3 In-hospital outcomes

Outcome

N 517 

In-hospital mortality 92 (17.7) 

Unknown 31 (5.9)

Multi organ failure 23 (4.4)

Cardiac 18 (3.5)

Neurological 16 (3.1)

Bowel ischemia 1 (0.2)

Mediastinitis 3 (0.6)

Renal impairment 167 (42.7) 

Pneumonia 131 (26.8) 

Permanent central neurological event 86 (22.5) 

Peripheral neurological event 46 (13.2)

Myocardial infarction 29 (5.6) 

Number of patients with percentage.

Figure 1 Monthly variations of acute aortic dissection. 

1 2 3 4 5 6 7 8 9 10 11 12

P
er

ce
nt

 o
f d

ay
s

100%

80%

60%

40%

20%

0%

Month

Day without AAAD
AAAD (no hypertension)
AAAD (hypertension)

AAAD = type A acute 
aortic dissection



5803Journal of Thoracic Disease, Vol 13, No 10 October 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(10):5799-5806 | https://dx.doi.org/10.21037/jtd-21-824

temperature, P=0.12 in hypertensive; P=0.32 for humidity, 
P=0.08 in hypertensive; P=0.95 for air pressure, P=0.86 in 
hypertensive). 

Follow-up

Median follow up was 12 (1–133) months and was 
completed in 468 (90.5%) with 72%±2.8% survival at  
3 years presented in Figure 3. 

Discussion

Our data suggest that there is an increased occurrence of 
AAD in March, October and December in our catchment 

area. Moreover, in hypertensive patients we detected a 34% 
increased occurrence of AAAD in weather conditions with 
rising atmospheric temperatures (independent from the 
absolute temperature at the time of the event).

In general, there are multiple patient-related factors 
which have been identified as risk factors for AAAD (16). 
However, evidence is still lacking, if specific external 
trigger factors such as change of temperature may also 
influence the occurrence: Multiple studies have analyzed 
different weather conditions being the most potent not 
individual biased criteria potentially influencing human 
physiology (9,11,12,17). While the results of these studies 
(i.e., increased incidence during winter months or colder 
temperature) mainly provided tendencies and only 
partial clarification, they did not improve the outcome of  
AAAD (18). 

However, the identification of specific environmental 
and patient conditions could be important to predict or 
prevent the occurrence of AAD and to accelerate diagnosis 
and therapy thereby improving outcomes. In fact, our 
data enables us to make referring physicians more aware 
about the occurrence and incidence profile of AAD in our 
catchment area in order to prevent delayed diagnosis in 
the presence of increasing atmospheric temperatures and 
certain months of the year.

In the current literature several different correlations 
between weather conditions and the incidence of AAAD 
have been described such as increased incidence during 
winter (especially in January) and lower frequency in 
summer which corresponds with our findings (17). Mehta  
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et al. studied 957 patients with non-traumatic AAAD 
enrolled in the International Registry of Acute Aortic 
Dissection (IRAD) and found a significant seasonal 
variation with the highest frequency during winter (9). A 
significant monthly peak was demonstrated in January in 
the total population studied, whereas this monthly variation 
was not observed for those patients with hypertension. 
It can be presumed, that the IRAD represents the data 
of many different countries with different climate, which 
might not be the ideal cohort to analyze local weather 
changes influencing AAD, unlike our study. Our results 
showed a monthly variation in the occurrence of AAD, 
with an increased occurrence in March, October and 
December (P=0.016) in the entire cohort. The reason for 
the temperature changes might be the unique variable 
topography in our catchment area with high mountains, 
lakes and wide planes, which cannot be reproduced by the 
data of the IRAD study. Different than in other countries, 
in our region of Switzerland the temperatures in March 
are similar to those in December, when we also found an 
increased occurrence of AAD (19). Similar to our study, 
also located on the northern hemisphere, Sumiyoshi  
et al. examined 435 patients in Japan and showed seasonal 
variation of the onset of AAAD with a peak in winter and a 
trough in summer (20). Takagi et al. did a meta-analysis of 
18 studies with 101,264 patients and showed a statistically 
significant increase in AAAD incidence in winter compared 
to summer (OR 1.37; P<0.0001; winter 28.2%; summer 
20.6%) (17). These findings are comparable to our study 
and the reason might be a constantly high atmospheric 
temperature level during the summer months without 
variations especially no more increase.

On one hand, our findings might be biased due to the 
summer holiday season in July and August with many 
residents leaving the country resulting in less AAAD. On 
the other hand the population count remains persistent, 
because many tourists visit during these months (up to 4.2 
million according to the federal office of statistics) (21). 
Furthermore, these findings could also be related to the 
lack of stress with subsequent hypertensive phases: tourists 
tend to be less stressed and some locals usually enjoy their 
holidays quietly at home. This more convenient and stress-
less lifestyle during the summer months combined with a 
constant weather might influences the patient population 
with certain risk factors (hypertension) and even prevents 
AAAD reflecting our results.

In 2010, Benouaich et al. described in a study with 

206 patients in France a higher incidence of AAAD with 
decreasing temperatures not depending on the time of the 
year (8). The same results could be shown by Verberkmoes 
et al. in a retrospective work with 212 patients in the 
Netherlands (12). Like our study both were unable to 
show a correlation of other meteorological conditions. 
In these studies, showing the increased incidence of 
AAAD during winter months the potential influence of 
relative temperature elevation during the cold months 
was not analyzed (12,17). So, we additionally analyzed the 
correlation with two patient conditions (with and without 
arterial hypertension). We could demonstrate in the group 
of patients with high blood pressure a higher occurrence of 
AAAD during a relative increase of temperature. This might 
suggest that hypertensive patients react to temperature 
change differently compared to non-hypertensive ones.

Our data did not show any significant correlation 
between weather variables or its changes and preoperative 
neurological deficits or mortality.

The most common explanation for a higher incidence 
during cold weather is an increase of sympathetic activity 
resulting in increased vasoconstriction, systolic and diastolic 
blood pressure and heart rate (18,22). Nonetheless, the 
precondition for a normal vessel reaction to the sympathetic 
nervous system requires distensible vessels which are often 
not present any more in hypertensive patients due to 
arteriosclerosis (23,24). A stiff aorta is more vulnerable to 
shear stress, which can lead to the formation of aneurysm 
and aortic dissection (25). 

Interestingly, this observation was independent from the 
absolute temperature when the event occurred (i.e., overall 
lower temperatures in winter months) suggesting that it is 
rather the increase and not the absolute temperature which 
drives the risk for the occurrence of AAAD. This is also 
further supported by the fact that we observed the fewest 
occurrence of AAAD in summer although the temperature 
is then generally higher than in other times in the year. 
This number might even be higher due to the fact that only 
68.8% of the patients had documented hypertension in 
their baseline characteristics because they probably did not 
know about it before AAAD occurred. It has to be assumed 
that the incidence of AAAD has multifactorial etiology 
i.e., intrinsic (hypertension, tissue disease, etc.) combined 
with extrinsic factors (weather conditions with increasing 
temperature, etc.). The latter ones might only play a minor 
role with the major being individual micro- and macro-
anatomical structural vessel changes over time. If this is the 
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case, new imaging modalities assessing the vessel wall could 
be developed in the future for screening purposes to prevent 
AAAD from happening in patients at risk.

Limitations

The limitations of our study are the following: it is 
retrospective and observational. There might also be a 
variation in the time of onset of AAAD because we used the 
date of the referral to our hospital and not the beginning of 
the symptoms although that might account for a few hours 
of difference only. While we are fully aware that our results 
may be potentially influenced by other, unidentified factors, 
we consider them very useful for our daily routine and, 
importantly also hypothesis-generating for future studies 
in the field. Furthermore there might be unregistered und 
undiagnosed out-of-hospital deaths.

Conclusions

In conclusion, this study describes a significantly increased 
occurrence of AAD in hypertensive patients in weather 
conditions with increasing atmospheric temperature and an 
increased occurrence of AAAD in certain months of the year 
(March, October and December). However, further studies 
are needed to analyze the underlying pathophysiology of 
the occurrence of AAAD depending on changing weather 
conditions.
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