
Introduction

With the developing technology, the importance of health 
applications is increasing rapidly among the fields of appli-
cation of geographical information systems. These applica-
tions help the decision makers in the field of health through 
maps produced by associating the available data1.

Carbon monoxide (CO) is a preventable cause of death, 
often caused by accidents. In our country, it often causes 
mortality and morbidity after stoves, water heaters and in-
dustrial poisonings2. CO can cause hypoxia at the tissue lev-

el by binding to hemoglobin after inhalation and decreasing 
the oxygen carrying capacity of the blood. Heart and ner-
vous system, which needs oxygen more than other tissues, 
is particularly affected and life-threatening changes occur in 
the tissue3.

The purpose of the present retrospective pilot study was 
to define a free spatial analysis method that can be used for 
toxicology patients and contribute to the poisoning data  of 
our country by performing this method on carbon monoxide 
poisoning cases admitted to  emergency department (ED) of 
our hospital.
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Abstract
Objectives: In this study we aimed to define a free spatial analysis method that can be used for toxicology patients and contribute to the poisoning data of 
our country by performing this method on carbon monoxide poisoning cases admitted to emergency department of our hospital.

Materials and Methods: The population of this retrospective study included all adults who were admitted to our clinic with carboxyhemoglobin level 
above 10%. Two heat maps were created based on address of carbon monoxide poisoning and carboxyhemoglobin values of the persons in this position. 

Results: 414 patients were included in the study. 39 patients were excluded from the study. 52.3% of the patients were female and 47.7% were male. Median 
of carboxyhemoglobin values was 14% (IQR = 13). The number of cases admitted during the winter was found to be higher than the other seasons. Two heat 
maps were created based on addresses of carbon monoxide poisoning.

Conclusion: Carbon monoxide poisoning is an important health problem in our country. Multicenter studies with Geographical Information Systems may 
contribute to the measures to be taken for carbon monoxide intoxication.
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Özet
Amaç: Mekansal analiz yöntemi tanımlamak ve hastanemiz acil tıp kliniğine başvuran karbon monoksit zehirlenmesi olgularının demografik verileri ve 
karboksihemoglobin düzeyleri ile ilgili mekânsal analizler yaparak zehirlenme verilerine katkıda bulunmayı amaçladık.

Gereç ve Yönetim: Çalışmamız kliniğimize karbon monoksit zehirlenmesi ile başvuran hastalardan karboksihemoglobin düzeyi %10’ un üzerinde olanlar 
dahil edildi. Hastaların demografik verileri değerlendirilerek zehirlenme adresleri kullanılarak vaka yoğunluğu ve karboksihemoglobin değerlerine göre iki 
ısı haritası oluşturulmuştur.

Bulgular: Çalışmaya 414 hasta dahil edildi. 39 hasta çalışma dışı bırakıldı. Hastaların %52,3'ü kadın, %47,7'si erkekti. Ortalama karboksihemoglobin de-
ğerleri %14 idi (IQR = 13). Kış aylarında kabul edilen vaka sayısının diğer mevsimlere göre daha yüksek olduğu bulundu. Karbon monoksit zehirlenmesinin 
adreslerine dayanarak iki ısı haritası oluşturuldu.

Sonuç: Karbon monoksit zehirlenmesi ülkemizde önemli bir sağlık sorunudur. Coğrafi Bilgi Sistemleri ile çok merkezli çalışmalar karbon monoksit zehirlen-
mesi için alınması gereken önlemlere katkıda bulunabilir.

Anahtar kelimeler: karbon monoksit, coğrafi bilgi sistemleri, mekânsal analiz
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Materials and Methods

Study design

This retrospective study was conducted at a 672-bed tertia-
ry academic hospital with an annual ED census of 438000. 
We collected data of the patients who visited our ED with a 
COHb level above 10% during the date January 1, 2015 and 
January 1, 2018 retrospectively. 

Study population 

Our study population was patients who admitted to our ED 
with a COHb level above 10% during the date January 1, 
2015 and January 1, 2018. Patients with missing data on the 
hospital computer-based data system about address of poi-
soning especially workplace or hookah cafe were excluded.  

Data collection

Demographic characteristics (age, gender), application sea-
sons and COHb levels of the patients and spatial analysis of 
the poisonings were performed. The application seasons of 
patients were defined as spring (March, April, May), sum-
mer (June, July, August), autumn (September, October, No-
vember), and winter (December, January, February).

Primary outcome was a free spatial analysis method. The 
secondary outcomes were demographic data and carboxyhe-
moglobin levels.

Spatial analysis

Address data of poisonings were revised in Microsoft Of-
fice Excel 2007 environment due to possible repetition or 
missing data. Geocoding process was made by geocoding 
services which provide free services. A heat map was creat-
ed based on these positions and COHb values of the persons 
in this position.

Statistical analysis 

In the statistical evaluation of the data, IBM Statistics 20.0 
(SPSS) statistical package program was used. The baseline 
patient characteristics are presented as frequencies for cate-
gorical variables and as medians and interquartile ranges for 
continuous variables. Averages were shown with standard de-
viations. Statistical analysis of categorical variables was done 
by “chi-square” test and numerical variables were analyzed by 
Mann Whitney U test and “t test”. Spearman correlation was 
used to evaluate relationships involving ordinal variables. A p 
value less than 0.05 was regarded as statistically significant.

Ethics 

Ethics committee approval required for the study was taken 
from Ethics Committee (date: 21/03/2018, approval num-
ber: B.10.1.TKH.4.34.H.GP.0.01/36). We retrospectively 

reviewed the secondary data extracted from the electronic 
medical records. However, the extracted data included clini-
cal data only; it didn’t include any personal identifiable infor-
mation. Therefore, the need for informed consent was waived.  

Results

The study included 414 patients with COHb levels above 
10% who were admitted to our clinic. 39 patients were ex-
cluded from the study because of repetition or missing data. 
52.3% (n = 196) of the patients were female and 47.7% (n = 
179) were male. 

The ages of the patients ranged from 3 to 94 years, and 
median of age was 36 years (IQR = 37.4). The measured 
COHb levels of patients ranged from 10-63%, and median 
of COHb levels was 14% (IQR = 13).  No significant differ-
ence was found between COHb levels and gender (p=0.652). 
Cases were classified according to their decades. There was 
no statistically significant correlation between COHb levels 
and this decade groups (p=0,115) (Pearson correlation test).

The distribution of patients according to the seasons is 
evaluated; It was seen, 43.7% (n = 164) in winter, 23.7% (n = 
89) in spring, 15.5% (n = 58) in summer, 17.1% (n = 64) in the 
autumn season. The number of cases admitted during the win-
ter was found to be higher than the number of those admitted 
in the other seasons with a significant difference (p <0.001)

A heat map was created based on addresses of CO poi-
soning shown in figure 1. Second heat map was created 
based on these positions with COHb levels shown in figure 
2. The second map shows the poisoning addresses in red 
circles. The diameters of the red circles were shown to be 
proportional to the COHb levels.

Discussion

Geographical Information Systems will play an active role 
in increasing the service quality and satisfaction as a deci-
sion support system that provides accurate analysis of spa-
tial data in the areas of policy production, strategic planning 
and management, especially in the areas of corporate appli-
cations4. Heat maps are used for georeferencing health data. 
These maps might link such data geographically to potential 
sources of environmental exposures, the geodemographic 
characteristics of populations, and the locations of health 
resources5,6. They can be helpful tools for preventing, un-
derstanding, and treating diseases. Spatial analysis and heat 
maps performed for avian influenza and other topics relating 
to pandemic influenza by World Health Organization and 
The Centers for Disease Control and Prevention7,8. New live 
heat maps are preparing for new coronavirus pandemic9,10. 

The identification of spatial patterns of CO poisoning is 
a critical first step in a more complete understanding of the 
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epidemiology of this public health challenge and these tech-
niques are instrumental in designing valid observational and 
analytical studies to more fully study the problem.

Black areas on the first map shows of the most intense 
of the patients. The fact that this region was close to the 
hospital where the data was obtained was associated with 
the single-centered study. We believe that the location of this 
black region may change in multicenter studies.

In the second map showing COHb levels, the regions 
with large circles were associated with higher COHb levels. 
High levels of arterial COHb were associated with increased 
intensive care mortality11. We believe that these regions 
could be associated with high mortality and morbidity.

In this study we found that the female patient group was 
more males. Over-exposure of women was consistent with 
the literature12-15. We believe that this is due to the fact that 
women get time indoor more than men.

The number of cases encountered increases during the 
winter months because of being in an indoor environment 
not ventilated enough during the fuel consumption for heat-
ing is the most common reason for intoxication16-19. We 
found that during the winter, there were more cases of CO 
intoxication than during the other seasons.

There are several limitations to our study. Firstly, in 
some cases, incomplete files or incorrect addresses were 
noticed. Therefore, we could not evaluate all the patients 
with CO poisoning. Also, we could not reach the mortality 
and morbidity data of the patients because of our study was 
designed retrospectively. Secondly, a usual pitfall of these 
analyses is that the maps must be corrected by the number 
of inhabitants in the various areas. Here, as we do not have 
the spatial repartition of the population, we cannot be sure 
the increased number of CO poisoning is not simply due to a 
high number of people living in those areas. Thirdly, the low 

Figure 1. The heat map based on addresses of CO poisoning
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number of cases in our study means that the results are lim-
ited in terms of generalization and wide applicability. Lastly, 
this is a single-center study and only shows the patients with 
CO poisoning coming to a single hospital and only one part 
of city. Consequently, multi-center studies are needed.

In conclusion, geographical analysis used to explore the 
possible links between accidents and geographical particu-
larities. In CO poisoning, it may be used to detect the influ-
ence of certain area, social categories. Although the spatial 
analysis and evaluation of a local area has been conducted in 
our study, extensive studies and analyzes are needed. Multi-
center studies with Geographical Information Systems may 
contribute to the measures to be taken for CO intoxication.

The manuscript was formally presented as oral presentation at 2nd 
Southeast European Congress of Emergency and Disaster Medicine (20 - 
22 July 2019, İstanbul). http://www.atuder.org.tr/Download.aspx?data=C-
7BYKE1RLGUSCCEFD552IB8YJ

References

1.	 Meade MS. Medical Geography. In Cockerham WC, Dingwall 
y R, Quah SR, editors. The Wiley Blackwell Encyclopedia of 
Health, İllness, Behavior, and Society 2014.p. 1375-81.

2.	 Raub JA, Mathieu-Nolf M, Hampson NB, Thom SR. Carbon 
monoxide poisoning—a public health perspective. Toxicol-
ogy 2000; 145:1–14.

3.	 Rose JJ, Wang L, Xu Q, McTiernan CF, Shiva S, Tejero J and 
Gladwin MT. Carbon monoxide poisoning: pathogenesis, 
management, and future directions of therapy. Am J Respir 
Crit Care Med 2017; 195: 596-606.

4.	 Ben Ramadan AA, Jackson-Thompson J, Boren SA. Geo-
graphic Information Systems: Usability, Perception, and Pref-
erences of Public Health Professionals. Online J Public Health 
Inform. 2017; 9(2): e191.

5.	 Rushton G. Public health, GIS, and spatial analytic tools. Annu 
Rev Public Health. 2003;24: 43–56.

Figure 2. The heat map based on addresses of CO poisoning with COHb levels



Özdemir et al. 
Spatial Analysis and Evaluation of Carbon Monoxide

Poisoning Admitted to A Tertiary Hospital- A Pilot StudyEurasian J Tox. 2020; 2 (2):35-39 39

6.	 Manda S, Haushona N, Bergquist RA. Scoping Review of Spa-
tial Analysis Approaches Using Health Survey Data in Sub-Sa-
haran Africa. Int. J. Environ. Res. Public Health 2020, 17, 3070.

7.	 Freifeld CC, Mandl KD, Reis BY, Brownstein JS. HealthMap: 
global infectious disease monitoring through automated 
classification and visualization of internet media reports. J 
Am Med Inform Assoc. 2008;15:150-7.

8.	 Kirby RS, Delmelle E, Eberth JM. Advances in spatial epidemi-
ology and geographic information systems. Ann Epidemiol. 
2017;27(1):1–9.

9.	 Pourghasemi HR, Pouyan S, Heidari B, Farajzadeh Z, Shamsi 
SRF, Babaei S. Spatial modelling, risk mapping, change detec-
tion, and outbreak trend analysis of coronavirus (COVID-19) 
in Iran (days between 19 February to 14 June 2020). Int J In-
fect Dis. 2020;98:90-108.

10.	Caspi G, Chen J, Liverant-Taub S, Shina A, Capsi O. Heat Maps 
for Surveillance and Prevention of COVID-19 Spread in Nurs-
ing Homes and Assisted Living Facilities. J Am Med Dir Assoc. 
2020;21(7): 986–8.

11.	Melley DD, Finney SJ, Elia A, Lagan AL, Quinlan GJ, Evans 
TW.Arterial carboxyhemoglobin level and outcome in criti-
cally ill patients. Crit Care Med. 2007;35(8):1882-7.

12.	Avsarogullari L, Senol V, Akdur O, Akin A, Durukan P, Ozkan S. 
Characteristics of acute adult poisonings in a university hos-

pital emergency department in central Turkey: a three-year 
analysis. J Pak Med Assoc. 2012;62(2):129-33.

13.	Goksu S, Yildirim C, Kocoglu H, Tutak A, Oner U. Characteris-
tics of acute adult poisoning in Gaziantep, Turkey. J Toxicol 
Clin Toxicol. 2002;40(7):833-7.

14.	Hosseininejad SM, Aminiahidashti H, Goli Khatir I, Ghase-
mpouri SK, Jabbari A, Khandashpour M. Carbon monoxide 
poisoning in Iran during 1999-2016: A systematic review and 
meta-analysis. J Forensic Leg Med. 2018;53:87-96

15.	Özdemir S, Altunok İ, Eroğlu SE. Relationship Between Car-
bon Monoxide Poisoning, Lactate and Cardiac Marker. Van 
Tıp Derg. 2019;26(3): 285-288

16.	Wu L, Wang R. Carbon monoxide: endogenous production, 
physiological functions, and pharmacological applications. 
Pharmacol Rev 2005; 57:585–630

17.	Doğruyol S, Akbaş İ, Çakır Z. Demographic and Clinical Char-
acteristics of Carbon Monoxide Poisoning: Data Between 
2014 and 2018 in Erzurum. Eurasian Journal of Toxicology. 
2019; 1(1): 20-15.

18.	Kokulu K, Mutlu H, Sert ET. Serum netrin-1 levels at presen-
tation and delayed neurological sequelae in unintentional 
carbon monoxide poisoning. Clin Toxicol. 2020:31;1-7


