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Daugavpils UniversitǕtǛ docǛtǕju un studǛjoġo zinǕtniskǕs konferences notiek kopġ 

1958. gada. KonferencǛm ir starpdisciplinǕrs raksturs un tajǕs piedalǕs gan studǛjoġie, gan docǛtǕji, 

gan arǭ ievǛrojami zinǕtnieki no daģǕdǕm pasaules valstǭm. Daugavpils UniversitǕtes 

59. starptautiskǕs zinǕtniskǕs konferences pǛtǭjumu tematika bija Ǹoti plaġa ï eksaktǕs, humanitǕrǕs, 

izglǭtǭbas, mǕkslas un sociǕlo zinǕtǺu jomǕs.  

ZinǕtnisko rakstu krǕjumǕ Daugavpils UniversitǕtes 59. starptautiskǕs zinǕtniskǕs 

konferences rakstu krǕjums = Proceedings of the 59
th

 International Scientific Conference of 

Daugavpils University apkopoti 2017. gada 6.ï7. aprǭlǭ konferencǛ prezentǛtie materiǕli.  

Daugavpils UniversitǕtes 59. starptautiskǕs zinǕtniskǕs konferences rakstu krǕjums tiek 

publicǛts 3 daǸǕs: A. daǸa. DabaszinǕtnes; B. daǸa. SociǕlǕs zinǕtnes; C. daǸa. HumanitǕrǕs 

zinǕtnes. 

 

 

 

 

The annual scientific conferences at Daugavpils University have been organized since 1958. 

The themes of research presented at the conferences cover all spheres of life. Due to the facts that 

the conference was of interdisciplinary character and that its participants were students and 

outstanding scientists from different countries, the subjects of scientific investigations were very 

varied ï in the domains of exact sciences, the humanities, education, art and social sciences.  

The results of scientific investigations presented during the conference are collected in the 

collection of scientific articles Proceedings of the 59
th

 International Scientific Conference of 

Daugavpils University. 

 Proceedings of the 59
th
 International Scientific Conference of Daugavpils University are 

published in three parts: part A. Natural sciences; part B. Social Sciences; part C. Humanities. 
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Abstract 

Kew words: gas analysis, odours, Riga neighbourhoods 

As the standard of living and quality of life increase, more and more people start thinking of their health, well-being and 

environmental cleanliness, thus, recently adverse effects of different odour nuisances on human well-being has become 

a pressing environmental issue. Nowadays this issue becomes increasingly important. Odour emission sources are the 

odours caused by both business activities and the activity or inactivity of physical persons. The studies carried out in 

Riga in 2016 and 2017 show that the highest number of complaints was received from the following Riga 

neighbourhoods: Bolderaja, Sarkandaugava, Kundzinsala, Mangalsala, Milgravis and Vecmilgravis, respectively, from 

the areas with the highest number of companies. The odour concentration studies carried out so far by a field 

olfactometer show that the odour concentration in Riga neighbourhoods may be as high as 7 odour units. The studies 

carried out by the gas analyzer indicate the presence of oil products and fuel gases in air. 

 

Kopsavilkums 

AtslǛgvǕrdi: gǕzu analǭze, smakas, Rǭgas mikrorajoni 

Lǭdz ar dzǭves lǭmeǺa un kvalitǕtes celġanos, aizvien vairǕk cilvǛki sǕk domǕt par veselǭbu, labsajȊtu un vides tǭrǭbu, 

tǕdǛjǕdi pǛdǛjos gados aktuǕla vides problǛma ir daģǕdu traucǛjoġu smaku negatǭva ietekme uz cilvǛku labsajȊtu. 

MȊsdienǕs ġim jautǕjumam tiek pievǛrsta aizvien lielǕka uzmanǭba. Smaku emisijas avoti ir gan uzǺǛmumu 

saimnieciskǕs darbǭbas rezultǕtǕ radǭtǕs smakas, gan arǭ fizisku peronu darbǭbas vai bezdarbǭbas rezultǕtǕ radǭtǕs 

smakas. 2016. un 2017. gadǕ RǭgǕ veiktie pǛtǭjumi norǕda, ka visvairǕk iedzǭvotǕju sȊdzǭbas ir saǺemtas no sekojoġiem 

Rǭgas mikrorajoniem: BolderǕja, Sarkandaugava, KundziǺsala, MangaǸsala, MilgrǕvjis un VecmǭlgrǕvis, respektǭvi 

teritorijǕs, kurǕs ir koncentrǛjies vislielǕkais uzǺǛmumu skaits. Lǭdz ġǭm veiktie smaku koncentrǕcijas pǛtǭjumi ar lauku 

olfaktometru, Ǹauj secinǕt, ka Rǭgas mikrorajonos smaku koncentrǕcija var sasniegt 7 smaku vienǭbas. Veiktie pǛtǭjumi 

ar gǕzu analizatoru norǕda uz naftas produktu un dȊmgǕzu klǕtbȊtni gaisǕ. 

 

Introduction  

The quality of life is a relatively new concept which is actively used since 1960-ties to 

describe living conditions of society (Wolfensberg 1994). The quality of life is a set of objective 

and subjective factors including material well-being, health, productivity, intimacy, safety, well 

being of community and emotional well-being (Cummins 1996). One of the indicators of the quality 

of life is human health and well-being. As higher the level of life is, as more attention is paid to 

ensure well-being. Some of the factors that can affect both human well-being and health, thus, also 

the quality of life, are emissions of different odours and air pollution. These issues are more 

pressing in the densely populated administrative territories of the cities where economic activities 

are carried out. 

Increasing attention is being paid to the odour studies not only in Latvia (KǕla et al. 2015), 

but also elsewhere in the world (Bokowa 2010; Brattoli et al. 2011; Dravnieks 2012; Sironia 2014; 

Zarra 2012) indicating the urgency of the problem and the necessity to carry out studies to identify 

easier the odour emission source, perform more effective control and eliminate faster nuisances 
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caused by odours. Therefore since 2016 the odour concentration and air pollutant analyses have 

been carried out in Riga administrative territory. The main goal of the research was to determine the 

probability of nuisance caused by odours in Riga beyond the business operation territories, as well 

as to identify the presence of odour nuisance and the source of odour emission. 

Mostly, odour perception for each human is subjective, perception depends also on the cause 

of the odour, its frequency, intensity, duration, hedonic tone (unpleasantness) and the nature of the 

location. It is stated in the Regulation of the Cabinet No. 724 ñRegulations Regarding the Methods 

for Determination of the Odours Caused by Polluting Activity, as well as the Procedures for 

Restricting the Spread of such Odoursò adopted on 25.11.2014 (Republic of Latvia, Cabinet 

Regulation No. 724, 2014) that the odour threshold is such concentration of a malodorous 

substance, if at least half of the participants of the odour evaluation panel confirm the presence of 

an odour and if it is 1 ouE/m
3
, while odour nuisance is such odour, which causes negative effect on 

human well-being. 

Nowadays more and more advanced technologies such as electrochemical, metal oxide and 

photo ionization detectors or ñelectronic nosesò are used to measure the odour concentration. By 

help of these detectors it is possible to make indicative odour concentration measurements on an 

ongoing basis, however, these devices are stationary and are set for recording a specific parameter 

(chemical substance). So far the best odour indicator still is a human nose. Thus, within the 

framework of the studies, the analysis of odours and complaints received by the competent state 

institutions in cases of accidents were carried out, the objects (companies) performing polluting 

activities resulting in odour emission were identified, an analysis of the odour emission limit 

projects developed by the companies was carried out, sites where odour nuisance emission is 

possible were identified and inspected, the odour concentration and air pollutants were determined. 

During research it was found out that odour emission sources can be both diffuse sources and 

point sources. Odour emission sources may be pollution caused by the operation of such companies 

as oil product terminals, chemical plants, waste storage and composting sites, wastewater treatment 

plants, etc. However, odours can be caused also by physical persons which do not perform 

economic activities, for example, by discharging poorly treated or even untreated domestic 

wastewaters in the environment. During the heating season there is a smell of smoke in the air 

coming from the private houses, especially when coal is used as fuel. 

Material and methods 

To analyse the odour concentration and airborne pollutants both field survey and desk-based 

research methods were applied. Desk-based research methods included the following: processing of 

data (complaints) received from the State Environmental Service and the State Fire and Rescue 

Service and their analysis, analysis of cartographic materials, identification of the air polluting sites 
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and objects (analysing permits issued to the companies for polluting activities of category A and B), 

and analysis of the odour emission limit projects.  

Field survey methods included determination of the odour concentration by the Scentroid 

SM100 field olfactometer, determination of the presence and concentration of the volatile 

substances in the air by using the Gasmet DX-4030 gas analyzer, as well as determination of the co-

ordinates of the study sites by GPS or a satellite navigation device TRIMBLE JUNO SB was 

performed. This GPS device is equipped with the 35 TerraSync software, allowing to enter data and 

attributes, as well as to edit them in the field. The accuracy of positioning using the TRIMBLE 

JUNO SB GPS device is 2 ï 5 m. 

Scentroid SM100 field olfactometer 

The Scentroid SM100 field olfactometer (Fig. 1) is designed for measuring the odour 

concentration from the direct emission sources and for measuring the odour background level (not 

in the direct emission source), as well as it can be used for collecting source samples for further 

analysis in the laboratory (Scentroid Model 110C, 2012). The operation of the equipped field 

olfactometer is based on dilution of the odour sample (until the operator feels the odour) by high 

pressure odourless gas from a high pressure carbon fibre tank, respectively, the odour sample is 

drawn by help of vacuum generated by the diluted compressed air flow. The dilution ratio of fresh 

to ambient air is controlled through the patented Scentroid flow regulator valve. The panel list of 

the Scentroid SM100 field olfactometer offers 15 discreet dilution levels, the minimum dilution is 2 

odour units, and the maximum ï 30000, respectively it is possible to determine the odour 

concentration from 2 to 30000 odour units (OUE / m
3
) by the Scentroid SM100 field olfactometer 

(Scentroid Model 110C, 2013).  

The studies carried out so far (Bokowa 2012) indicate that the results obtained by the 

Scentroid SM100 field olfactometer in the field and at the stationary laboratory match satisfactory 

both for the point sources and diffuse sources. 

   

Fig. 1. Field measurements by the Fig. 2. Field measurements using 

Scentroid SM100 field olfactometer the Gasmet DX-4030 gas analyzer 
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Gasmet DX-4030 gas analyzer 

The portable gas analyzer Gasmet DX-4030 can be used for determining air temperature, 

humidity and 23 inorganic and organic gases such as carbon monoxide, carbon dioxide, methane, 

benzene, acids, aldehydes and other volatile vapours (DX-4030 FTIR Gas Analyser Instruction and 

Operating Manual 2009). 

The Gasmet DX-4030 analyzer incorporates a Fourier Transform Infrared (FTIR) 

spectrometer, Rhodium-Gold coated sample cell and signal processing electronics (DX-4030 FTIR 

Gas Analyser Instruction and Operating Manual 2009). The sample gas is extracted via a probe with 

a built-in particle filter, thus no sample preparation and preliminary collection is needed. Calcmet-

Lite software which runs on the Windows Mobile platform is used to control the operation of the 

the Gasmet DX-4030 gas analyzer. Data are transmitted from the Gasmet DX-4030 gas analyzer to 

Calcmet-Lite software by help of Bluetooth (DX-4030 FTIR Gas Analyser Instruction and 

Operating Manual, 2009). Researcher can freely move around and make measurements at different 

locations using the Gasmet DX-4030 gas analyzer (Fig. 2), the results are displayed by Calcmet-

Lite softweare immediately after the measurements, afterwards they are stored and transferred on 

the computer. 

Result and discussion 

Appendix No. 1 to the Law ñOn Pollutionò (The Saeima law ñOn Pollutionò 2011) specifies 

polluting activities of category A such as in energy industries ï combustion installations with a 

rated thermal input exceeding 50 MW, production and processing of metals, production of mineral 

products, chemical industry, production of cellulose from wood or other fibres, wastewater 

treatment plants, waste management, etc. In Latvia, as of the beginning of 2017, there were in total 

100 permits for the polluting activities of category A issued (A, B permit 2017). Polluting activities 

of category B have less capacity in comparison with polluting activities of category A, and they are 

specified in Annex 1 to the Cabinet Regulation No. 1082 ñProcedures by which Polluting Activities 

of Category A, B and C shall be Registered and Permits for the Performance of Category A and B 

Polluting Activities shall be Issuedò of 30.11.2010 (Republic of Latvia, Cabinet Regulation No. 

1082, 2010). In Latvia, there are in total 2,549 companies which perform polluting activities of 

category B (A, B permit 2017). 

Not all economic activities cause odour nuisance, it depends on the type of activity, 

technological specification and emission sources existing in the company. There are eight 

companies of category A and 286 companies of category B in Riga administrative territory which 

due to their operation discharge air pollutants such as dust, volatile organic compounds and 

inorganic compounds. Economic activities to a much lesser extent are carried out in the Centre 

district ï there are 3 companies of category B which emit air pollutants. There are 40 companies in 
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Kurzeme suburban district of which two companies are of category A and 38 companies are of 

category B. There are 42 companies in Latgale suburban district, two of them are performers of 

polluting activities of category A and 40 of them are performers of polluting activities of category B 

(Fig. 3). There are 57 companies of category B located in Zemgale suburban district, while Zemgale 

suburban district has 52 companies of category B and two companies of category A. The highest 

number of companies emitting air pollutants are located in the Northern district in comparison with 

other suburban districts, respectively, 100 companies of which 98 companies are performers of 

polluting activities of category B and two companies are performers of polluting activities of 

category A (Fig. 3). 

 
Fig. 3. The number of companies performing polluting activities of category A and B  

in Riga regions as of beginning of 2017 

 

Analysis of the odour emission projects developed by the companies of category A and B 

allowed to find it was found that the results of odour dispersion modelling show that the maximum 

odour concentration caused by the companies is not significant, i.e., from 0.0011 to 3.58 ouE/m
3
, 

complying with the odour guideline value which is determined for a period of an hour and is 5 

odour units (ouE/m
3
) according to that stated in Paragraph 8 of the Cabinet Regulations No. 724 

ñRegulations Regarding the Methods for Determination of the Odours Caused by Polluting 

Activity, as well as the Procedures for Restricting the Spread of such Odoursò of 25.11.2014. 

(Republic of Latvia, Cabinet Regulation No. 724, 2014). 

Analysing complaints of inhabitant received by the public authorities (the State 

Environmental Service and the State Fire and Rescue Service) regarding odour nuisance, it was 

found that odour nuisance problem in Latvia and Riga is urgent pressing, respectively, in 2012 the 

State Fire and Rescue Service received 94 complaints regarding odours and possible leakage of 

chemical substances, in 2013 ï 50 calls were received, while in 2014 and 2015 similarly ï 35 and 

34 calls were received. In 2016, the State Fire and Rescue Service in Latvia received in total 1,087 

complaints on phone regarding odour nuisance and unpleasant odours of which 384 complaints 

were received in Riga administrative territory. 
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Analysing complaints regarding odour nuisance within the interval of 24 hours, it was found 

out that the highest number of complaints in percentage was received during the period of time from 

16:00 to 24:00 (Fig. 4), it means that people were affected by odour nuisance mostly directly at 

their homes. 

 

 
 

Fig. 4. Complaints within the interval of 24 hours in 2013, 2014 and 2015  

(data source: the State Fire and Rescue Service) 

 

Analysing complaints on odour nuisance within the monthly interval, it can be concluded that 

in 2012 the highest number of complaints were received exactly during the summer months, while 

in 2013, 2014 and 2015 there were no significant differences observed within the interval of 

months. It means that the number of the odour nuisance cases is equal in all seasons. (Fig. 5). 

 

 
 

Fig. 5.  Complaints at the monthly interval from 2012 to 2015  

(data source: the State Fire and Rescue Service) 

 

Upon analysing complaints, it was found that out of 384 complaints received within Riga 

territory 272 complaints were from the inhabitants of seven neighbourhoods, respectively, 

Bolderaja, Sarkandaugava, Kundzinsala, Mangalsala, Milgravis, Vecmilgravis and Petersala-

Andrejsala (Fig. 6). The highest number of complaints was received from the inhabitants of 
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Sarkandaugava, i.e., 74 complaints, while 57 complaints were received from those living in 

Bolderaja, 53 complaints were recorded in Milgravis, 37 ï in Vecmilgravis, 14 ï in Mangalsala, 

19 ï in Kundzinsala, and 18 complaints were recorded in Petersala-Andrejsala. 

 

 
 

Fig. 6. Proportion of complaints by neighbourhoods of Riga in 2016 

 

Upon analysing the data provided by the inhabitants on the odour quality, i.e., what kind of 

odours people can perceive, it was found out that the highest number of complaints was received on 

oil product odours, i.e., 147 complaints or 38 % of the total number of complaints were received in 

2016 (Fig. 7). A relatively large proportion of complaints is about smoke odours, respectively, 

26 %, i.e., in 2016, 98 phone calls were received on unpleasant smoke odour nuisance.  

A relatively large number of complaints was received on sewerage odour nuisance, i.e., 39 

complaints or 10 % of the total number of complaints. The reason for unpleasant sewerage odours is 

inadequately maintained treatment plants or overflowing wells ï the filling level of the wells is not 

checked. 

In 2016, there were 36 complaints (or 10 %) on chemical odours and 11 complaints (or 9 %) 

on paint and lacquer odours (Fig. 7). The emission sources of chemical substances and lacquers 

(often also adhesives) are such companies as various production facilities, wood impregnation 

companies, service stations, etc. Likewise, inhabitants often mention chemical odour, although, the 

oil product odour is felt in the air.  

Inhabitants relatively often ï 37 times (or 10 %) ï provided information on other odours 

(Fig. 7) such as odours of waste, food odours from cafes and fast food restaurants, rubber odours 

from vehicle racing sites, odours from street repairs, etc. Similarly, inhabitants have complained on 

plastic odour and odour nuisance caused by metal processing. 
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Fig.7. Proportion of the number of complaints by the type of odour nuisance in 2016 

 

Within the framework of the research, the odour concentration and airborne substances were 

examined using the Scentroid SM100 field olfactometer and Gasmet DX-4030 gas analyzer in the 

neighborhoods of Riga where the highest number of complaints on odour nuisance was received. 

Smoke, wood, sewerage and oil product odours were detected during the studies. The odour 

concentration ranged from 2 to 7 odour units (ouE/m
3
), respectively, during the inspection of the 

territory oil product odour nuisance in amount of 6 ï 7 odour units (ouE/m
3
) was detected in 

Sarkandaugava and Kundzinsala. 

The measurements of the airborne substances with the Gasmet DX-4030 gas analyzer in 

Sarkandaugava recorded a high concentration of carbon dioxide, respectively, from 462 to 690 ppm.  

Comparison of the results of measurements made on 29.01.2017 and 21.04.2017 (Fig. 8) in 

the same neighbourhood at Ezera Street 20, Riga, allow to conclude, that the air pollutant 

concentration does not differ significantly although the odour concentration on 29.01.2017 was 

below 2 odour units, while on 21.04.2017 the odour concentration was 6 odour units (ouE/m
3
). It 

can be explained by the fact that odour intensity changes very quickly depending on the wind 

direction and speed. Measurements made on 29.01.2017 and 21.04.2017 were carried out close to 

the oil product terminals, thus the following substances were identified in air: benzol, toluol, 

methane, nitromethan (Fig. 8), as well as carbon dioxide, nitric oxides, chloroform, etc. 
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Fig. 8. Mutual comparison of the air pollutant concentration (measurements made on 

29.01.2017 and on 21.04.2017) at the area of Tvaika and Ezera Streets, Riga 

 

Conclusions 

Studies carried out up to now show that the companies operating in compliance with the 

requirements of the conditions stated in the permits of category A and B do not cause odour 

nuisance, respectively, their emissions are below 4 odour units (ouE/m
3
). However, taking into 

account the fact that during the research also 6 - 7 odour units (ouE/m
3
) were detected, it can be 

concluded that nuisance odours result from the operation of a number of companies, i.e., one 

territory is affected by the operation of a number of companies. Within a monthly interval, people 

are exposed to odour nuisance in equal amounts, while in the 24-hour interval odours most often are 

perceived in the evenings, it means that people are affected by odours at their places of residence. 

Mostly, inhabitants of Riga perceive oil product odours, thus the largest number of complaints was 

received from Bolderaja, Sarkandaugava, Kundzinsala, Mangalsala, Milgravis, Vecmilgravis and 

Petersala-Andrejsala. 

Correlation of the results on air pollutant concentrations and odours allow to conclude that 

odour intensity can not always be described by identifying 23 possible substances, likewise 

meteorological conditions are very significant for obtaining results. It is necessary to carry out 

additional studies regarding the odour and air pollutant concentrations to describe the air quality, 

odour nuisance frequency, intensity and type in Riga administrative territory. 
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Abstract  

Constructed wetlands as environmentally friendly drainage system element 

Key words: constructed wetlands, nutrient retention, construction, principles of design 

Eutrophication is the state with high nutrient concentration, which can cause plant growth including algae blooms. 

Nutrients drain into the Baltic Sea from agricultural lands and drainage systems, from weak or insufficient wastewater 

treatment, from contaminated industrial waste water, and even from the rain water, if it contains dust, unburnt oil from 

the roads and parking areas or other pollutants washed from hard coverings or accumulated in the air. High nutrient 

level into the natural waters affects the human economic activity. An inexpensive way to reduce nutrient load to water 

objects from agricultural lands is formation of constructed wetlands or restoration of natural wetlands. The main tasks 

of this study were to describe the processes in constructed wetlands, the conditions of construction and to analyze the 

capacity of constructed wetlands to reduce nutrients and suspended particles inflow to open waters. Another task was to 

determine nutrient retention efficiency in the MeģacǭruǸi constructed wetland in Latvia by the descriptive methods of 

mathematical statistics and Wilcoxon T test method and to compare the obtained results with ones from Bergaholm 

constructed wetland in Sweden. In the end of this article, the evaluation of efficient theoretical design parameters for 

constructed wetlands in Latvia is made. The research results indicate that the MeģacǭruǸi constructed wetland does not 

provide the sufficient nutrient retention. To improve the nutrient retention efficiency, it would be necessary to develop 

it, e.g., to increase the amount of vegetation, such as planting Typha spp. or to make a small constructed wetland 

extension to a depth of 0.3 m for Carex spp. to stabilize the sediments. 

 

Kopsavilkums 

MǕkslǭgǕs mitrzemes kǕ videi draudzǭgs meliorǕcijas sistǛmas elements 

AtslǛgvǕrdi: mǕkslǭgǕs mitrzemes, barǭbas vielu aizture, konstrukcija, projektǛġanas principi 

EitrofikǕcija ir process, kad, pieaugot biogǛno vielu saturam ȊdenstilpǛs, paǕtrinǕs bioloǥiskie procesi, kas izraisa 

Ȋdensaugu pastiprinǕtu augġanu, tai skaitǕ aǸǥu ziedǛġanu un organisko vielu uzkrǕġanos. Viens no galvenajiem biogǛno 

elementu avotiem vaǸǛjǕs ȊdenskrǕtuvǛs ir lauksaimniecǭbas zemes, no kurǕm ar meliorǕcijas sistǛmu palǭdzǭbu notiek 

ġo vielu izskaloġanǕs no augsnes. MǕkslǭgǕ mitrzeme ir viens no variantiem, kǕ samazinǕt biogǛno elementu un 

suspendǛto daǸiǺu slodzi uz vaǸǛjǕm ȊdenskrǕtuvǛm. Darba mǛrǵis bija izpǛtǭt mitrzemes darbǭbas principu un biogǛno 

elementu aiztures efektivitǕti atkarǭbǕ no izmǛra un konstrukcijas. Galvenie darba uzdevumi bija izvǛrtǛt mǕkslǭgǕs 

mitrzemes ñMeģacǭruǸiò LatvijǕ barǭbas vielu aiztures efektivitǕti, pielietojot aprakstoġǕs matemǕtiskǕs statistikas 

metodi un Vilkoksona T-kritǛrija metodi, rezultǕtus salǭdzinǕt ar mǕkslǭgo mitrzemi ñBergaholmò ZviedrijǕ. 

NobeigumǕ sniegt teorǛtiskas mǕkslǭgǕs mitrzemes efektǭvas konstrukcijas parametrus LatvijǕ. PǛtǭjuma rezultǕti 

liecinǕja to, ka mǕkslǭgǕ mitrzeme ñMeģacǭruǸiò neveic biogǛno elementu pilnvǛrtǭgu aizturi. Lai uzlabotu mǕkslǭgǕs 
mitrzemes ñMeģacǭruǸiò biogǛno elementu aiztures efektivitǕti, bȊtu nepiecieġams to pilnveidot, t.i., palielinǕt 

veǥetǕcijas daudzumu, piemǛram, stǕdot vilkvǕlǭtes Typha spp., un pie iespǛjas veikt nelielu mǕkslǭgǕs mitrzemes 

paplaġinǕjumu ar dziǸumu 0.3m, sedimentu stabilizǛġanai stǕdǭt grǭġǸus Carex spp. 

 

Introduction  

Eutrophication is one of the most important environmental problems facing the Baltic Sea 

today. Only 5 % of total nitrogen (N) directly drains into the Baltic Sea, the remaining 95 % of the 

nitrogen compounds are discharged from river catchments (HELCOM 2015). Phosphorus (P) losses 

also contribute strongly to eutrophication. Phosphorus is the limiting factor in many lakes and 

coastal areas (Andersson 2012). In the Baltic Sea, about 92 % of P is discharged from river 

catchments (HELCOM 2015). Nutrients drain into the Baltic Sea from agricultural lands and 

drainage systems, they are delivered by polluted or insufficiently treated wastewaters, and even by 
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the rain, because it contains dust and unburnt oil from roads and parking areas. Therefore, the 

mitigation of eutrophication is important from many perspectives. 

High phosphorus and nitrogen levels in natural waters are affected mainly by human 

economic activity. Measures directed to decrease transferring of nutrients to the aquatic 

environment must be combined with measures directed to increase retention efficiency of nutrients 

at catchments. There is not one single solution to mitigate eutrophication, but rather a complex of 

different solutions. One of the easiest and relatively inexpensive ways to reduce nitrogen and 

phosphorus load into the water from agricultural lands are establishment or restoration of wetlands. 

Wetlands have an important economic, scientific, cultural and recreational value. They regulate 

water treatment, help to reduce flooding, perform water treatment and can increase the biodiversity. 

Wetlands are also important for climate change mitigation, because they attract a significant amount 

(up to 40%) of the world's terrestrial carbon stocks (Ramsar Convention 1971). In Latvia, 

constructed wetlands have not been widely implemented and there is a lack of knowledge on 

wetlands of such type. 

The main objectives of this study were to describe the processes in the constructed wetlands, 

the conditions of construction and analyze the cappacity of constructed wetlands to reduce nutrients 

and suspended particle inflow to open waters. Another objective was to determine the nutrient 

retention efficiency in the MeģacǭruǸi constructed wetland in Latvia (from here on referred to as 

ñMeģacǭruǸiò) as well as to compare its size and design with the Bergaholm constructed wetland in 

Sweden (from here on referred to as ñBergaholmò). Finally, an evaluation of efficient design 

parameters for constructed wetlands in Latvia is made. 

Background 

Retention processes 

In wetlands, several nutrient retention processes take place. The main phosphorus retention 

process is physical sedimentation (Kynkªªnniemi 2014), but phosphorus retention in wetlands also 

happen through chemical binding and biological uptake by plants (Grinberga & Jansons 2012). 

Wetlands have a positive effect on reduced nitrogen transport to aquatic environments. Some 

retention processes are the same for N and P (Figure 1), like biological uptake by plants and 

accumulation of organic N in the sediment. In wetlands, nitrates are reduced to gaseous end 

products, nitrous gas and dinitrogen gas, through the bacterial process which is called denitrification 

(Bastviken 2006) and it is the main N retention process. 
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Figure 1. Nutrient retention processes in constructed wetlands (Fig. by L. Strupa) 

 

Description of the constructed wetlands 

The catchment of MeģacǭruǸi is located in the Jelgava district and TǛrvete district within the 

Zemgale region, situated in the central part of Latvia (Figure 2). The total catchment area is 74.7 ha. 

90 % of the catchment area consists of arable land (Grinberga 2013). The soil type in the area is 

dominated by rendzina. The aim of constructing MeģacǭruǸi was to decrease the pollution of 

nutrients and to treat waste water. The 

construction is located within the ditch and 

consists of a deep part and the water level 

has been regulated by a triangular spillway. 

Vegetation was established naturally 

(Grinberga 2013). 

The catchment of Bergaholm is 

located in the Sºdermanland county in 

Sweden (Figure 2). 43 % of the catchment 

area is arable land, 12 % is paddocks and 46 

% is forests (Kynkªªnniemi 2014). In the 

catchment area dominate soil with clay content about 30 %. The aim of constructing Bergaholm 

was to reduce the leaching of phosphorus to lake Bornsjºn. The construction is long and narrow, for 

the increasing of residence time peninsulas was built. The inlet is located at the drainage pipe and 

the constructed wetland consists of a deep and a shallow part. Great pond-sedge and yellow Iris 

were planted there (Kynkªªnniemi 2014). 

Material and methods 

Two types of methods were used in this study: Data Processing and Comparative Analysis. 

Data Processing includes the descriptive method of mathematical statistics and Wilcoxon T test 

Figure 2. The placement of constructed 

wetlands (Karġu izdevniecǭbaé) 
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method. The descriptive method of mathematical statistics was used to calculate the average 

nutrient values and standard errors in the MeģacǭruǸi outlet and inlet. Whereas, Wilcoxon t-test 

method was used to determine if major and important differences existed between the measured 

results of the nutrient concentrations in the inlet and outlet of the MeģacǭruǸi constructed wetland. 

Wilcoxon t-test methods hypothesis were defined as: 

H0: there is no statistically significant difference between outlet and inlet parameters 

indication in the MeģacǭruǸi; 

H1: difference between outlet and inlet parameters indication in the MeģacǭruǸi is statistically 

significant. 

The actual T value was calculated by using formula 1.: 

 (1) 

where  R+ - sum of the positive rank; 

R_ - sum of the negative rank (Arhipova & BǕliǺa 2006). 

Critical T value depends on the number of degrees of freedom (n-k, where n is the number 

of pairs, k - the number of pairs for which difference is 0) and the one-sided level of significance 

(Ŭ). In the study was established that if Ŭ = 0.05 and n-k = 26, then T0.05;26-0 = 110, but if Ŭ = 0.05 

and n-k = 15, then T0.05;15- 0= 30. H0 is not rejected if T > TŬ, n-k. 

To evaluate the performance and design parameters of an efficient wetland design, the 

Comparative Analysis was used. Furthermore, MeģacǭruǸi and Bergaholm wetlands were compared. 

The main data sources on retention efficiency of both sites were the doctoral thesis ñSmall wetlands 

designed for phosphorus retention in Swedish Agricultural Areasò (Kynkªªnniemi 2014) and the 

technical project ñEstablishment of the wetland within the framework of project "Wetlands" in 

Jelgava district real estates "Siltums" and "Vecozoli" (Grinberga 2013). 

Results and discussion 

Efficiency evaluation 

Geranmayeh (Kynkªªnniemi 2014) showed that the total P retention efficiency in Bergaholm 

was around 89 kg/ ha /year and the total suspended solids retention efficiency was around 37 t/ha/ 

year. 

Before calculations it was assumed that in the MeģacǭruǸi the content of nutrients and 

suspended solids at the outlet will be less than in the inlet. 

The results from the data processing by descriptive method of mathematical statistics indicate 

that at the outlet of MeģacǭruǸi, amounts of ammonium, total P and phosphates decreased whilst 

amounts of total N, total suspended solids and nitric oxide increased (Table 1).  
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Table 1. Description of nutrient retention efficiency in the MeģacǭruǸi. Results of descriptive 

method of mathematical statistics from 2014 until 2016 (Confidence level 90 %) 

 

 

The reason of increasing of total N, total suspended solids and nitric oxide could be the lack 

of vegetation, because the main nitrogen retention process is denitrification, which need specific 

conditions as anoxic environment. Also, during the time of measurements, the MeģacǭruǸi was 

affected by external conditions such as surface runoff, precipitation and wind, which contributed to 

the turbulence of water and thus to the increasing of the suspended sediments. For example, during 

the second decade of March in 2016 the amount of precipitation was 80 mm which is 50 % more 

than the monthly average value, i.e. 40.6 mm (Latvijas vides, ǥeoloǥijasé 2016) and during the 

third decade of March in 2016 wind speed reached 18 m/s (Latvijas vides, ǥeoloǥijasé 2016). 

The reason of decreasing of amount of ammonium was an anaerobic environment in 

sediments which cause nitrification ï bacterial process where ammonium is transformed to nitrate 

NO3
-
. This process is also positively influenced by current pH level, which contributed activity of 

denitrification bacteria in sediments. 

Three-year average concentration of P-PO4 and Ptot. in the MeģacǭruǸi has decreased about 

50 %. It can be explained by the fact that the wetland was built as sedimentation pond which 

contribute deposition of P on the bottom. Hence it promotes the treatment of agricultural run-off. 

The results of Wilcoxon T-test indicate that the actual value in all cases was higher than the 

critical value (Table 2). 

 

Table 2. Results of Wilcoxon T-test method from 2014 until 2016 (Confidence level 95 %) 

 
 pH N-NO2+3, mg/l N-NH4, mg/l Nkop., mg/l P-PO4, mg/l Pkop., mg/l Suspended solids 

R+ 99.0 135.0 145.0 143.0 160.0 148.5 51.0 

R_ -252.0 -216.0 -198.0 -208.0 -191.0 -202.5 -69.0 

T 99.0 135.0 145.0 143.0 160.0 148.5 51.0 

Comparison < > > > > > > 

TŬ;n-k 110 110 110 110 110 110 30 

Note: H0 is not rejected if T > TŬ, n-k. 

Parameter 

pH 
N-NO2+3, 

mg/l 

N-NH4, 

mg/l 
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Number of 

samples 
26 26 26 26 26 26 26 26 26 26 26 26 15 15 

Arithmetic 

mean 
7.95 8.08 11.94 12.71 0.68 0.58 13.34 14.54 0.15 0.07 0.182 0.096 10.83 12.08 

Median 7.98 8.13 12.20 13.20 1.02 0.29 12.45 15.25 0.05 0.03 0.08 0.06 8.40 10.50 

Error 0.07 0.05 1.52 1.38 0.21 0.14 1.80 1.52 0.09 0.01 0.11 0.02 2.36 2.45 

Variation 1% 1% 13% 11% 31% 24% 13% 10% 61% 20% 60% 16% 22% 20% 

Minimum 6.97 7.53 0.70 0.30 0.01 0.01 1.40 1.80 0.001 0.004 0.007 0.010 1.59 2.90 

Maximum 8.48 8.51 32.20 28.90 3.83 2.97 35.60 34.40 2.36 0.28 2.884 0.323 37.00 36.20 

Asymmetry -0.96 -0.51 0.71 0.09 1.94 2.24 0.87 0.31 5.02 1.33 5.03 1.32 1.88 1.49 

Excess 1.43 -0.41 0.72 -0.09 3.40 5.51 0.42 0.42 25.41 0.99 25.50 1.32 4.22 2.03 
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In summary, H0 cannot be rejected, which means that there are no statistically significant 

differences between outlet and inlet parameters in the MeģacǭruǸi. 

Only in one case H0 is rejected: the difference between the pH level in inlet and outlet are 

significant and this shows that there are favourable habitats for denitrification in the constructed 

wetland. 

Evaluation of efficient design parameters  

Hydrology is based on the water retention time (Bastviken 2006). It depends on wetland size, 

which is very important factor for treatment, and in turn it depends on the catchment area. The high 

transport of particles usually is caused by erosion of silty loams and the clay particles, which were 

eroded as aggregates and settled of the same size as silt particles (Bastviken 2006). The small 

wetlands constructed in agricultural lands as ditches, slow down water velocity and promote 

deposition of suspended sediments. For these types of wetlands, the recommended size is larger 

than 0.1% of catchment area (Braskerud 2002). But the size of wetland can affect an area of 

available land. 

Hydraulic efficiency is parameter which indicates how the water is spread in the wetland and 

how it is affected by the shape, design and placement of inlet and outlet, which in turn are 

influenced by different factors. Long, narrow wetlands have higher hydraulic efficiency than 

circular wetlands, resulting in a longer water retention time (Kynkªªnniemi 2014). Different extra 

elements as peninsulas, islands on piles of stones can be used to prolong hydraulic efficiency and to 

increase biodiversity. Side slopes should be 1:2, not steeper than 1:3 (Jurries 2003) because coasts 

with small slope gradient promote biodiversity, facilitates the flooding, and the area is easily 

accessible for the management and maintenance. It also should be adapted for cleaning of the 

wetland bottom to remove accumulated particles and overgrown vegetation. 

Wetland should has shallow and deep parts. The deep part is recommended to construct up to 

2 m depth and the shallow part up to 0.5 m depth (Grinberga & Jansons 2012) depending on which 

vegetation will be planted there. Considering the climatic conditions of Latvia Typha latifolia L., 

Phragmites australis and Carex spp. can be planted in constructed wetland. 

Inlet can be filled with gravel to prevent erosion, which works also as a filter for separating coarser 

impurities. Stone thresholds on triangular spillway can be used to regulate water level in 

constructed wetland can be used, for example.  

Example 

Before designing a wetland, such information about factors in the location of wetland is 

needed as nutrient concentrations, topography, type of soil, land-use etc. After that, exact 

placement, shape, size and vegetation, should be chosen to get the right type of wetland. Each 

variant is incomparable because all parameters of design are affected by external factors. 
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In summary of this study the theoretical example of constructed wetland was made (Figure 3).  

 

 

Figure 3. Plan of the constructed wetland (Fig. by L. Strupa) 

 

The constructed wetland consists of five sections. The sedimentation pond and the plantation 

of Carex acuta L. and Iris pseudacorus L. are designed for P retention. While for N retention the 

plantation of Phragmites australis and Typha latifolia L are used. To increase hydraulic efficiency, 

water residence time and biodiversity and to improve water aeration stone thresholds and peninsulas 

are designed. 

Conclusions 

The MeģacǭruǸi does not perform the valuable nutrient retention. In order to improve the 

nutrient retention efficiency, it is necessary to increase the amount of vegetation, such as planting 

Typha spp. or to make a small constructed wetland extension to a depth of 0.3 m for Carex spp. to 

stabilize the sediments. 

Further researches about constructed wetlands in Latvia would be advised to build new and 

differently designed constructed wetland, and then to compare their retention efficiency and design 

parameters. 
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Abstract 

Obstructive sleep apnea risk assesment among patients with pulmonary disease 

Key words: Obstructive sleep apnea, pulmonology, shortness of breath, comorbidities 

Introduction : Obstructive sleep apnea (OSA) is a disease that induces a persistent/periodic hypoxia condition. OSA 

often have an overlap syndrome between other lung disease therefore it is difficult to get a correct diagnosis. 

Aim : To identify the risk of OSA among patients, who were hospitalized due to a pulmonary disease. 

Materials and methods: A prospective study of 227 patients with a pulmonary disease. Patients were assessed using 

the STOP-BANG questionnaire. Statistical analysis was conducted using SPSS 23.0 software. 

Results: The high-risk group consisted of patients with community acquired pneumonia (n = 42), bronchial asthma (n = 

24) and chronic obstructive pulmonary disease (n = 20). 

Conclusions: The study confirms that patients with pulmonary disease tend to have a high risk of OSA and they should 

be examined using polysomnography. 

 

Kopsavilkums 

Obstruktǭvas miega apnojas risks pacientiem ar plauġu slimǭbǕm 

AtslǛgvǕrdi: obstruktǭva miega apnoja, pneimonoloǥija, elpas trȊkums, blakusslimǭbu risks 

Ievads: obstruktǭvu miega apnoja (OMA) ir slimǭba, kuras klǭnisko izpausmju dǛǸ pacienti atrodas hroniskǕ hipoksijas 

stǕvoklǭ. Slimǭbai nereti novǛro pǕrklǕġanǕs formas ar plauġu slimǭbǕm, kas var apgrȊtinǕt diagnostiku. 

MǛrǵis: IdentificǛt OMA risku pacientiem ar plauġu slimǭbǕm, kas ǕrstǛti stacionǕri. 

MateriǕli un metodes: ProspektǭvǕ pǛtǭjumǕ tika iekǸauti 227 pacienti ar plauġu slimǭbǕm. Pacienti tika novǛrtǛti pǛc 

starptautiski atzǭtas STOP-BANG anketas, nosakot OSA risku. Datu statistiskǕ apstrǕde veikta ar programmu SPSS 

23.0. 

RezultǕti: Augsta riska grupǕ visvairǕk bija pacienti ar sadzǭvǛ iegȊtu pneimoniju (n=42), bronhiǕlo astmu (n=24), 

hroniski obstruktǭvu miega apnoju (n=20). 

SecinǕjumi: PǛtǭjums pierǕda, ka pacientiem ar plauġu slimǭbǕm ir augsts OSA risks un ġai riska grupai bȊtu jǕveic 

polisomnogrǕfija. 

 

Introduction  

Obstructive sleep apnoea (OSA) is a common medical disorder associated with high 

morbidity and is being recognized more frequent among certain patient groups. It is the most 

common type of sleep-disordered breathing and is characterized by recurrent episodes of upper 

airway collapse during sleep. Patients with OSA are frequently overweight and usually present with 

a longstanding history of snoring and excessive daytime sleepiness (Gupta 2010). 

Several studies suggest that the prevalence of OSA varies in the middle-aged adult group 

(between 30 and 60 years of age) from 2 - 9% among women and 4 - 24% among men (Young 

1993). However, large epidemiologic studies of predominantly white populations estimate the 

prevalence of OSA syndrome at approximately 3ï4% among men and 2% among women. OSA 

patients may also represent themselves as a loud snorers (up to 85%) and have difficulties 
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maintaining sleep - due to the recurrent episodes of hypoxia. When awake, patients may experience 

hypersomnolence, fatigue and impaired ability to concentrate (Kimoff 2016). 

Risk factors of OSA are divided into anatomic and related risk factors. Anatomic risk factors 

are: short or retracted mandible, prominent tongue base or tonsils, rounded head shape and a short 

neck, neck circumference > 43 cm, thick lateral pharyngeal walls, lateral parapharyngeal fat pads. 

Other identified risk factors include postmenopausal status, aging, alcohol or sedative use. The most 

dominant risk factor is also identified ï obesity (Kingman 2017). 

Inspiratory efforts against a closed upper airway cause paroxysms of inspiration, reductions in 

gas exchange, disruption of normal sleep architecture, and partial or complete arousals from the 

sleep. These factors may interact to cause the characteristic symptoms and signs, including hypoxia, 

hypercapnia and sleep fragmentation (Kingman 2017). 

A few studies showcase that OSA may present in the form called ñoverlap syndromeò with 

pulmonary diseases such as chronic obstructive pulmonary disease (COPD) and obesity 

hypoventilation syndrome (Shteinberg 2009). A recent study shows that overlap syndrome patients 

clearly benefit from continuous positive airway pressure (CPAP) - which is the most common 

treatment option for OSA patients (Soler 2015). Recent data suggests that OSA is an independent 

risk factor for asthma exacerbations but there is limited data about other lung disease related 

overlap, such as community acquired pneumonia (Alkhalil 2009). 

Aim 

The aim of this research was to evaluate OSA grade of risk for patients with pulmonary 

disease and identify the differences in OSA risk between patients with various pulmonary diseases. 

Materials and methods 

In this prospective study 227 patients were surveyed and their medical records were analysed.  

The medical records covered time period from January 1
st
 2016 to December 31

st
 2016. They 

were hospitalized due to the pulmonary disease in the Pauls Stradins Clinical University Hospital 

and Riga East Clinical University Hospital. 

Patients were surveyed using international STOP-BANG questionnaire. The following 

questions were asked and required measurements were made according to the Table 1 (Stop-BANG 

Questionnaire 2017). 

 

Table 1. Stop-BANG Questionnaire 2017 

 

Snoring: Do you snore loudly (loud enough to be heard through closed doors or your bed-partner 

elbows you for snoring at night)? 

Tired : Do you often feel tired, fatigued, or sleepy during the daytime (such as falling asleep 

during driving or talking to someone)? 

Observed: Has anyone observed you stop breathing or choking/gasping during your sleep? 

Pressure: Do you have or are being treated for high blood pressure? 
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BMI: Is patientsô body mass index(BMI) more than 35 kg/m
2
? 

Age: Is he/she older than 50? 

Neck: Is his/her neck size larger than normal? (Measured around Adams apple) 

For male: is the shirt collar 43 cm or larger? 

For female: is the shirt collar 41 cm or larger? 

Gender: Is the patient male? 

For every affirmative answer patient get 1 point. The grade of OSA risk is identified by summing 

up the points. 

0 - 2 points: low risk 

3 - 4 points: intermediate risk 

5 - 8 points: high risk 

Or ñyesò to 2 or more of 4 STOP questions + male gender 

Or ñyesò to 2 or more of 4 STOP questions + BMI > 35kg/m
2 

Or ñyesò to 2 or more of 4 STOP questions + neck circumference exceeds normal range 

 

We also asked if they were diagnosed for OSA previously. 

The following data for each patient were collected: age, gender, BMI, number of 

hospitalizations, smoking pack years, primary diagnosis, comorbidities, parameters of blood gas - 

pH, partial pressure of oxygen in the arterial blood (pa O2), partial pressure of carbon dioxide in the 

arterial blood (pa CO2), oxygen saturation (SaO2). 

Patients were divided in groups by BMI: 

1) underweight <18.5 kg/m
2
 

2) normal weight 18.5 ï 24.9 kg/m
2
 

3) overweight 25 ï 29.9 kg/m
2
 

4) obesity >29.9 kg/m
2
 

Statistical analysis was conducted using SPSS 23.0 software, where the significance level was 

set at maximum of 5% (p<0.05). All statistical tests were two-sided. 

Kolmogorov ï Smirnov test was used for data distribution; Descriptive Statistics were used to 

measure central tendency. Frequencies were used to determine most frequently discovered data and 

percentages. 

Independent samples Kruskal Wallis test was used to determine if there are differences 

between various patient OSA risk groups.  

To determine if there were non-random associations between two nominal variables, which 

represent qualitative properties (e.g. smoker), Pearson Chi-Square coefficient was used. 

To determine the impact of the smoking pack years and hospitalization times Spearmanôs rank 

Correlation coefficient was used. 

The study was conducted with the approval of the Committee on Research Ethics (No. 

51/29.10.2015.) and performed in accordance with ethical standards laid down in the 1964 

Declaration of Helsinki. 
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Results 

The data from 227 patientsô who were hospitalized due to pulmonary disease were included in 

this study. 69.6% (n=158) were hospitalized in Riga East Clinical University Hospital and 30.4% 

(n=69) were hospitalized in Pauls Stradins Clinical University Hospital. The study included 125 

male (55.1%) and 102 female (44.9%) aged from 31 to 92, with median age of 72 years (IQR 61-

78). 

The most frequent diagnosis was: community-acquired pneumonia (n=115), followed by 

COPD (n=73) and bronchial asthma (n=51). Less common diagnosis can be seen in Table 2. 

 

Table 2. Distribution between OSA grade of risk among patients with different diagnosis 

 

 Low risk  Intermediate risk High risk  

Community-acquired pneumonia 14 21 42 

COPD 2 19 20 

Bronchial asthma 3 10 24 

ARVI  0 4 10 

Acute bronchitis 0 4 10 

Hydrothorax 0 9 4 

Influenza 0 2 6 

Pulmonary fibrosis 0 0 8 

 

80.6% (n=183) of patients had comorbidities such as primary arterial hypertension (n=99), 

coronary heart disease (n=65), chronic heart failure (n=55), diabetes mellitus (n=40), atrial 

fibrillation (n=34), myocardial infarction (n=24), atherosclerosis (n=14), gastroesophageal reflux 

disease (n=13). In 19.4% (n=44) of cases there were 2 comorbidities, 18.9% (n=43) 3 

comorbidities, 7.9% (n=18) 4 comorbidities, 5.3% (n=12) 5 comorbidities. 

It is statistically significant, that neck size exceeds normal range for males more often than in 

females (p=0.046). 

53.7% (n=122) were smokers and median of smoking pack years was 30 (IQR 19-40). Male 

smokes more often than female (p<0.001). Patients with greater smoking pack years are 

hospitalized more often (p=0.008). 

The distribution between patients in different OSA grade of risk can be seen in Figure 1. 
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Figure 1. OSA grade of risk according to the STOP-BANG questionnaire 2017 

 

32.6% (n=72) of patients had normal weight, 9.7% (n=22) were underweight, 31.7% (n=72) 

were overweight and 25.6% (n=58) were obese. There are statistically significant results showing 

that an increase in BMI can affect OSA grade of risk (see Figure 2) (p<0.001). 

There is difference between median age in each risk group (see Figure 3) (p=0.026). 

 

Figure 2. Distribution of the OSA grade of risk according to the body mass index 

 

Figure 3. Distribution of the OSA grade of risk according to the age 
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There were no statistically significant data of arterial blood gas parameters and OSA risk due 

to a little number of registered data.  

None of the patients had previously been diagnosed for OSA and only few of them had heard 

about this disease.  

Discussion 

Overweight and obesity are defined as abnormal or excessive fat accumulation that may 

impair health (WHO 2016). The worldwide prevalence of obesity has more than doubled between 

1980 and 2014. We can assume it will increase without an active intervention. According to the 

World Health Organization data, about 13% of the world's adult population (11% of men and 15% 

of women) were obese in 2014. In research study of Peppard et al. weight gain of 10% was 

associated with a 6-fold increase in the odds of developing sleep apnea (Peppard 2000). 

Differences in the risk factors (e.g. age, gender, serum lipid, diabetes status) suggest that 

obesity represents a major compensatory mechanism neutralizing intravascular dyslipidemia risk 

(Wei 2015). Obesity may reduce upper airway calibre due to fact because of adipose tissue 

deposition as well as through a long volume-dependent effect (Tagaito 2007). 

We observed results showing that an increase in BMI can affect OSA grade of risk (p<0.001). 

We would like to suggest that patients with pulmonary disease, who also present risk factors for 

OSA should be screened at least with some questionnaire (STOP-BANG, Berlin Questionnaire etc.) 

and overnight oximetry. These patients often are polymorbid - 19.4% of our patients had 2 

comorbidities and 18.9% of them had 3 comorbidities what is characteristic for OSA syndrome. 

The ñgolden standardò for the diagnosis of OSA is polysomnography, but it is expensive and 

time consuming (Pataka 2016). Patient, who would like to undergo an examination of 

polysomnography in Latvia, must visit a private sleep clinic, it is not available for a general 

population in a primary care centre - situation is the same as in Greece (Pataka 2016). Some of our 

patients with the OSA high grade risk were motivated to receive further evaluation but 

unfortunately due to a technical and financial limitations it was impossible to examine them with 

polysomnography.  

Pataka et al. 2016 suggest that overnight oximetry may be used as a tool for identifying severe 

OSA. They also did not find an improvement in the predictive values when combined different 

questionnaires with oximetry, especially in mild and moderate OSA. Stop-Bang questionnaire 

sensitivities were found to be high even in mild OSA cases, but their specificities were rather low 

(Pataka 2016). 

Retrospective analysis of Davies et al. in 1992 showed that the question ñDo you fall asleep 

during the day, particularly when not busy?ò was the best questionnaire predictor of variance in the 

SaO2 dip rate; no other question improved this correlation (Davies 1992). 
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Patients with an ñoverlap syndromeò of chronic obstructive pulmonary disease and OSA have 

severe arterial oxygen desaturation due to their low baseline SaO2 values (Sharafkhaneh 2009). In 

our research the baseline SaO2 values were measured in too few cases to obtain statistically 

significant results.  

Increased airway resistance in COPD mainly impairs exhalation contrary with OSA whereas 

the restriction is during inhalation. Together it can generate a catastrophic outcome (Sharafkhaneh 

2009).  

In our research, COPD was the second most common diagnosis within all patients and 

48.78% (n=20) of them had a high OSA risk grade. This correlates with the number of smokers 

(53.70 % of patients) and they have been hospitalized more often opposite to the patients with 

community-acquired pneumonia. 

The ñoverlap-syndromeò typically responds to continuous positive airway pressure (CPAP), 

oxygen therapy, or both (Sharafkhaneh 2009). Sharafkhaneh et al. suggests that clinicians should 

strongly suspect OSA in any patient with COPD admitted to the emergency room at night with 

shortness of breath, choking and/or dyspnea. Especially in the case when the patient is an 

overweight, middle-aged with a history of snoring (Sharafkhaneh 2009). According to the World 

Health Organization, COPD will be the third most common cause of death and disability by 2030 in 

the world, from its current fifth ranking. If we combine this information with the increasing 

prevalence of an obesity we can predict that overlap syndrome will become more common in 

clinical practise. 

We found out that neck size exceeds normal range for males more often than in females 

(p=0.046) and it is confirmed by Veloro et al. in 2008 that the collar size 40 cm and greater among 

male adults with symptoms of OSA was 80% sensitive and 67% specific with a positive predictive 

value of 94% in predicting true OSA. They suggest that collar size may be an independent 

parameter for determining OSA. This correlation between OSA and neck circumference may reflect 

ñmass loadingò (Veloro 2008).  

Conclusions 

The study confirms that patients with pulmonary disease tend to have a high risk of OSA and 

should be examined considering it. A standardised evaluation system for OSA high risk patients 

involving polysomnography is needed. Weight loss oriented dietary recommendations may be 

useful for all patients, especially in the high OSA risk group, due to significantly increased BMI 

rates. OSA overlap syndrome must be excluded for patients admitted to the emergency department 

with dyspnea, especially in overweight patients with COPD. 
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Abstract  
Spontaneous bacterial peritonitis: analysis of the condition among decompensated liver cirrhosis patients  

in a single center in Latvia 

Key words: Peritonitis 

Introduction: SBP is frequent and potentially fatal infection in decompensated liver cirrhosis (DLC) patients and is a 

reason of hospitalization in more than 10% of cases. Early paracentesis (PC) with subsequent peritoneal fluid (PF) 

analysis (cell count, differential, bacterial culture(BC)) is the main diagnostic procedure. Polymorphonuclear cell 

(PMN) count in PF of >250cells/mm even with negative PF culture is considered to be diagnostic. 

Aim:  To study SPB incidence among DLC patients and evaluate diagnostic approach.  

Materials and methods: All patients with DLC, who were admitted to hospital over the time of January 2011 to 

October 2016 in Clinical Center Gailezers (Riga), were retrospectively reviewed. Patientsô anthropometric data, initial 

complains, day of hospital stay (DHS), amount and results of non- and specific laboratory and instrumental 

investigations and antibacterial therapy (AT) regimes were considered.  

Results: From 545 DLC patients, in 28 patients were selected. From them SBP was suspected in 10 and identified in 18 

patients. Median DHS was 13 days, SPB median establishment day was 3.5. Therapy was successful in 16 cases; 12 

patients died. From all patients, only in 67.9%(N=19) PC was performed, from which PMN count was measured in 8 

cases, protein in 7, LDH in 10 and lipase in 13. BC of PF was performed only in 68.4%(N=13), and was positive in 8 

cases. Only in 25% of all SBP patients recommended diagnostic volume was performed. Estimated incidence of SPB 

among DLC patients was 3.6%, 1.1 %, 5.7%, 7.1%, 7.3% and 8.7% in the years 2011-2016 respectively.  

Conclusion: SPB incidence in DLC patients was lower than was anticipated, but the numbers of established SBP 

diagnoses tend to increase. Currently complete diagnostic evaluation for SBP is performed only in 25% of patients. The 

tactics of establishment of SBP diagnosis are not strictly determined and we conclude that a uniform diagnostic 

algorithm is required. 

 

Kopsavilkums 

SpontǕns bakteriǕls peritonǭts: slimǭbas analǭze dekompensǛtas aknu cirozes pacientu vidȊ  

vienas slimnǭcas ietvaros LatvijǕ 

AtslǛgvǕrdi: Peritonǭts 

Ievads: SpontǕnais bakteriǕlais peritonǭts (SBP) ir bieģa un potenciǕli letǕla infekcija dekompensǛtas aknu cirozes 

(DAC) pacientiem. SBP ir iemesls aknu cirozes slimnieku hospitalizǕcijai 10% gadǭjumos. AgrǭnǕ paracentǛze (PC) ar 

peritoneǕlǕ ġǵidruma analǭzi (ġȊnu skaits, bakteriǕls uzsǛjums) ir galvenǕ diagnostiskǕ metode. SBP diagnoze tiek 

uzstǕdǭta pie polimorfonukleǕro (PMN) ġȊnu skaita peritoneǕlǕ ġǵidrumǕ >250 ġȊnas/Õl, pat ja peritoneǕlǕ ġǵidruma 

kultȊra ir negatǭva.  

MǛrǵis: IzpǛtǭt SBP incidenci DAC pacientu vidȊ un novertǛt diagnostisko algoritmu.  

MateriǕli un metodes. Tika izanalizǛtas visu Rǭgas Austrumu KlǭniskǕ UniversitǕtes slimnǭcas pacientu slimǭbas 

vǛstures, kuri tika hospitlizǛti ar iestǕġanǕs diagnozi dekompensǛta aknu ciroze laika periodǕ no 2011. gada janvǕra lǭdz 

2016. gada oktobrim. 

RezultǕti: No 545 identificǛtiem pacientiem, 28 tika iekǸauti pǛtǭjumǕ. KlǭniskǕs aizdomas par SBP bija 10 no ġǭem 

gadǭjumiem un diagnoze tika apstiprinǕta 18 gadǭjumos. AnalǭzǛ tika iekǸauti antropomǛtriskie rǕdǭtǕji, sȊdzǭbas 

iestǕġanǕs brǭdǭ, hospitalizǕcijas ilgums, nespecifisko un specifisko laboratorisko un instrumentǕlo izmeklǛjumu profils 

un rezultǕti, kǕ arǭ antibakteriǕlǕs terapijas reģǭmi. HospitalizǕcijas ilgums bija 13 dienas (mediǕna vǛrtǭba), laiks lǭdz 

SBP diagnozes uzstǕdǭġanai ï 3.5 dienas (mediǕna vǛrtǭba). Terapija bija veiksmǭga 16 gadǭjumos un 12 gadǭjumi bija 

ar letǕlo iznǕkumu. No visiem pǛtǭjumǕ iekǸautiem pacientiem 67.9% (N=19) tika veikta paracentǛze, un 8 no tiem tika 

analizǛts PMN ġȊnu skaits, 7 - proteǭnu daudzums, 10 - laktatdehidrogenǕzes lǭmenis un 13 - lipǕze. PeritoneǕlǕ 

ġǵidruma bakteriologiskais uzsǛjums tika veikts 13 gadǭjumos (68,4%), un bija pozitǭvs 8 no tiem. Pilnǭgs rekomendǛts 

izmeklǛjumu apjoms tika veikts tikai 25% gadǭjumu. SBP incidence laika periodǕ 2010.-2016. bija 3.6%, 1.1 %, 5.7%, 

7.1%, 7.3% un 8.7% respektǭvi.  

SecinǕjums: SBP incidence dekompensǛtǕs aknu cirozes pacientiem bija zemǕka par sagaidǭto, bet uzstǕdǭto SBP 

diagnoģu daudzums pieaug. Pilnǭgs izmeklǛjumu spektrs, kas tiek rekomendǛts SBP diagnozes uzstǕdǭġanai ir veikts 

tikai 25% gadǭjumos. SBP diagnozes uzstǕdǭġanas algoritms nepastǕv un tǕ izstrǕde ir nepiecieġama. 
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Introduction  

Spontaneous bacterial peritonitis (SBP) is a peritoneal fluid infection in absence of any 

evident source (e.g. hollow organ rupture, intraabdominal abscess, acute pancreatitis, cholecystitis) 

(C«runtu 2006.) SBP was mentioned in the literature for the first time in 1907 by Krencker, later by 

Caroli (1957), Kerr et al. (1963) and Conn et al (1964) (Dever 2015; Koulaouzidis 2009). The 

condition is met in 10-30% of liver cirrhosis patients with mortality rates 10-46% even with 

adequate management (Atrauss 2006; Dever 2015). 

SBP occurs in patients with cirrhosis of various etiology. The pathophysiologic mechanisms 

of ascites in liver cirrhosis patients is portal hypertension, splanchnic vasodilatation with relative 

hypovolemia followed by renal artery vasoconstriction, activation of reninïangiotensinïaldosterone 

axis with subsequent sodium retention leading to increased hydrostatic pressure, which in 

combination with decreased oncotic pressure due to hypoalbuminemia and failure of lymphatic 

drainage produces ascites (Sundaram 2016). Although SBP is a typical complication in liver 

cirrhosis patients, it can occur in patients with any underlying pathology of ascites (e.g. congestive 

heart failure, Budd Chiari syndrome) (Green 2015). Pathophysiological hallmark of SBP is thought 

to be bacterial translocation in immunocompromised host (Bernardi 2010). 

Clinical presentation of SBP is variable. In up to 30% of cases it can be asymptomatic and 

only supported by positive peritoneal fluid culture (bacterascites), but some patients develop sepsis 

with high fatality rates (Alaniz 2009). Most common symptoms are fever and abdominal pain or 

discomfort. Other possible signs and symptoms are diarrhea, nausea, vomiting, worsening or 

unexplained encephalopathy, ileus, renal function impairment, therapy resistant ascites (Green 

2015). SBP is associated with high risk of hepatorenal syndrome, development of which results in 

high mortality rates and worst prognosis (Karel 2006; Alaniz 2009). 

SBP is not a clinical diagnosis, therefore the millstone of diagnosis is early paracentesis with 

ascitic fluid analysis. According to European Association for the Study of the Liver (EASL) 

guidelines ñA diagnostic paracentesis should be carried out in all patients with cirrhosis and ascites 

at hospital admission to rule out SBP. A diagnostic paracentesis should also be performed in 

patients with gastrointestinal bleeding, shock, fever, or other signs of systemic inflammation, 

gastrointestinal symptoms, as well as in patients with worsening liver and/or renal function, and 

hepatic encephalopathyò (EASL 2010: 404). Based on polymorphonuclear cell count (PMN) and 

ascitic fluid culture results ascitic fluid infection is classified into five types: spontaneous bacterial 

peritonitis (PMN Ó250 cells/Õl and positive culture); culture negative SBP (PMN Ó250 cells/Õl and 

negative culture); mono-/polymicrobial bacterascites (PMN <250 cells/Õl and positive culture); 

secondary peritonitis (PMNs Ó250 cells/Õl and positive polymicrobial culture) (Dever 2015). PMN 
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count Ó250 cells/Õl is diagnostic of SBP but PNM count Ó500 cells/Õl is more specific parameter 

(EASL 2010).  

Peritoneal fluid should be collected directly at patientsô bedside and inoculated into blood 

culture bottle (C«runtu 2006). Culture is positive only in 40% of cases and usually is 

monomicrobial (Dever 2015). Most common etiologic agents are Gram negative bacteria of 

intestinal origin, but Gram-positive bacteria also can be causative pathogen. Most common isolates 

are Escherichia coli, Streptococcus spp. and Klebsiella (Sundaram 2014; Dever 2015). The newest 

diagnostic modality is reagent strips test based on leukocyte esterase identification in urine via 

coulometric technique (EASL 2010; Dever 2015). This test can be performed at patientsô bedside 

and is especially beneficial in patients with contraindications to paracentesis. Though urine reagent 

strip test results are available within short time period and itsô use can indicate the need for 

antibacterial therapy initiation, several studies have proved itsô low sensitivity and high false 

negativity rates, therefore the test cannot be used alone for SBP diagnosis establishment (EASL< 

2010; Alaniz 2009). 

LDH, alkaline phosphatase, total amount of protein, glucose level measurements and gram 

staining can be utilized for differentiation from secondary peritonitis. Other tests used for 

differential diagnosis are lipase, amylase, albumin (serum/ascites gradient), triglycerides, bilirubin, 

cytology, Ziehl-Nielsen staining, and cultures on Lowenstein medium (C«runtu 2006). 

Empirical antibacterial treatment should be initiated as soon as SBP is suspected (EASL 

2010). Recommended antibacterial regimen is intravenous third generation cephalosporines (e.g. 

cefotaxime), alternative is amoxicillin/clavulanic acid. For uncomplicated SBP and in patient who 

are not receiving long-term prophylaxis with fluoroquinolones antibiotics as levofloxacin, 

ofloxacin, ciprofloxacin can be used (EASL 2010; Dever 2015). Alternative treatment regimes are 

ceftriaxone (this strongly protein bound antibiotic is considered to be less effective in liver cirrhosis 

patients due to low protein synthesis). As acute renal failure is the single most important predictor 

of death in patients with SBP, plasma volume expansion with albumin infusion is considered 

beneficial in selected patients (EASL 2010).  

Antibacterial prevention of SPB can significantly lower the mortality. Candidates for 

prophylactic measurements are patient with history of previous SBP, patients with gastrointestinal 

tract hemorrhage and patients with low total protein level in ascetic fluid. The prophylaxis should 

be initiated after successful SBP management and be continued till resolution of ascites, liver 

transplantation or death (Alaniz 2009). In selected patientsô ciprofloxacin, norfloxacin, 

trimethoprimïsulfamethoxazole or rifaximin are used for primary or secondary SBP prevention 

(EASL 2010). 
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The aim of our study was no evaluate SBP incidence and management tactics in Clinical 

Center Gailezers (Rǭga) in liver cirrhosis patients. 

Material and methods 

We retrospectively reviewed clinical records of 545 liver cirrhosis patients, who were 

admitted to Riga East clinical university hospital Clinical Center Gailezers from January 2011 to 

October 2016. Only patients with suspected or definitive diagnosis of SBP were included in study. 

Patient age, gender, complaints at admission, clinical presentation, hospitalization time, number of 

days till establishment of SBP diagnosis, spectrum of performed investigations and their results as 

well as antibacterial therapy regimens were considered. 

 Data was analysed in Microsoft Excel and IBM SPSS 21.0 software. For comparison of 

categorical variables Fisher exact tests were performed; for scale data ï nonparametric Mann-

Whitney U test. All numerical results were displayed as median (MED) Ñ interquartile ratio (IQR) 

values. P value of 0.05 and less was considered as statistically significant. 

Results 

28 patients were included in the study. Seven (25%) of patients were female and 21 (75%) 

were male. Patient age median (ME) value was 59Ñ19 (min=40; max=89) years. The median age 

value was lower in male patients (55Ñ17; min=40; max=85) than in female patients (63Ñ31; min=5; 

max 59), p=0,08. Etiology of liver cirrhosis was as follows: alcoholic lived disease (N=9; 32.1%), 

viral hepatitis C (N=5; 17.9%), viral hepatitis B (N=1; 3.6%), primary biliary cirrhosis (N=1; 3.6%) 

and unknown (n=4;14.3%). In the rest of the patients there was combination of several causative 

factors: viral and alcohol induced liver damage (N=6; 21.4%), and combined noninfectious factors 

(N=2; 7.14%). The most common clinical presentation was fever (N=24; 85.7%) and abdominal 

pain (N=12; 42.8%). For full spectrum of clinical presentations go to tab. 1 and tab. 2.  

 

Table 1. Incidence of SBP symptoms in liver cirrhosis patients 

 
SBP symptomes N % 

Fever 24 85.7% 

Abdominal pain 12 42.8% 

Shock 10 35.7% 

Confusion 9 32.4% 

Nausea 5 17.8% 

Vommiting 3 10.7% 

Diarhoea 3 10.7% 

Ileus 2 7.2% 

 

Majority of patients had coagulopathy of variable degrees (N=25; 89.3%). In 13 (46.3%) 

hepatorenal syndrome was established, but itôs presence did not significantly influenced the 

mortality rate (p=0.521) (tab. 2) 
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Table 2. Incidence of decompensated liver cirrhosis symptoms in SBP patients 

 
DLC syndromes N % 

Coagulopathy 25 89.3% 

Hepatorenal syndrome 13 46.4% 

Jaundice 12 42.8% 

Hypersplenism 11 39.3% 

Hepatic encephalopathy 9 32.1% 

Variceal bleeding 8 28.6% 

 

From all patient only in 18 (64%) SBP diagnosis was proven, but in 10 (36%) it was clinically 

suspected. The hospitalization outcome was favorable only in 16 (57%) cases, in the rest of the 

cases the outcome was lethal. Days of hospital stay were 13 Ñ 9.75 and days till SBP diagnosis 

establishment ï 3.5 Ñ 5.75. Paracentesis was performed in 19 (67.8%) patients. Of these 19, in 14 

(73.7%) with definitive and in 5 (26.3%) with suspected diagnosis of SBP. The list of investigations 

performed on peritoneal paracentesis is shown in Fig. 1. Peritoneal fluid culture was performed only 

in 13 (68.4%) patients and neutrophil count was evaluated only in 8 (42.1). The recommended 

minimal amount of testing (both culture and neutrophil count) was performed only in 7 (36.8%) of 

all paracentesis samples which accounts for only 25% of all patients. Culture was positive in 8 

cases, where in 6 it was monomicrobial and in 2 ï polymicrobial. The most common isolate was 

Staphylococcus aureus (N=2).  

 

 
 

Figure 1. Tests performed on peritoneal fluid (N=19) 

 

The most common applied antibacterial therapy regimen was combination of metronidazole 

and ciprofloxacin (N=13; 46.4%), followed by ceftriaxone (N=7; 25%) and ciprofloxacin as 

monotherapy (N=5; 17.9%). Duration of antibacterial therapy was 6,5Ñ4 days.  

The estimated incidence of SBP in Clinical Center Gailezers over the period of 2011-2016 is shown 

in tab. 3. 
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Table 3. Incidence of SBP among RECUH Gailezers decompensated liver cirrhosis patients  

in 2011.-2016. 

 
Year Incidence per year; % SPB cases/DLC cases; N 

2011 3.6% 5/139 

2012 1.1% 1/91 

2013 5.7% 5/88 

2014 7.1% 7/99 

2015 7.3% 6/82 

2016 8.7% 4/46 

 

Discussion 

The aim of our research was to estimate not only SBP incidence in RECUH Gailezers, but 

also evaluate itsô management tactics. Only patients with documented SBP were included into the 

study, which explains such a small number of patients (N 28). Even though according to literature 

data (Atrauss 2006; Dever 2015) the incidence of SBP in liver cirrhosis patients is high (till 40%) 

and it is considered the most common infectious complication of liver cirrhosis, the maximal 

incidence in our study was only 8,7%. This is consistent with our findings that early paracentesis 

was performed in only 67,9% of cases, and minimal recommended tests of ascitic fluid (PMN cell 

count and culture) were performed in only 25% of those.  

In majority of cases SBP diagnosis was established by exclusion of secondary causes of 

peritonitis or other potential sources of infection. There was no strictly determined diagnostic 

algorithm, and in each patient various test were performed based on cliniciansô personal experience 

and the level of suspicion It is mentioned in the literature that SBP is not a clinical diagnosis and 

this diagnosis always should be confirmed by paracentesis (Dever 2015). The low rate of performed 

paracenteses procedures could be related to high incidence of coagulopathy (N=25; 89,3%) in 

studied population. But, as many authors note, diagnostic paracentesis should be performed even in 

presence of coagulopathy, as rates of complication are low even in patients with INR as high as 8.7 

and platelet count as low as 19 000 (Dever 2015; Anastasios Koulaouzidis 2009). Several patients 

from our study refused to undergo the procedure however. 

Peritoneal fluid culture was positive only in 46.2% (N=6) of cases from all performed cultures 

(N=13). This number is similar to numbers, mentioned in literature (Dever 2015; Alaniz 2009). The 

peritoneal fluid for culture in Cinical Center Gilezers was not routinely sampled at patientsô bed 

with direct specimen inoculation into blood bottle cultures; usually the specimen is transferred to 

laboratory first, which might influence the culture results (Alaniz 2009). The urine reagent strip test 

is not performed in Clinical Center Gailezers. All these factors could contribute to low incidence of 

SBP.  

The high index of suspicion as well as routinely performed early paracenhtesis would lead to 

an increase in numbers of SBP diagnoses as well as to reduced mortality from this condition. 
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The most common applied therapy regimes (ciprofloxacin and metronidazole or ceftriaxone) 

were not the first line recommended regimes by existing SBP management guidelines (EASL 

2010).  

Conclusions 

1. Incidence of SBP in liver cirrhosis patients was lower than anticipated, but the numbers of 

established SBP diagnoses tend to increase.  

2. Currently, full recommended diagnostic evaluation for SBP is performed in only 25% of 

patients.  

3. The tactics of establishment of SBP diagnosis are not strictly determined and we conclude that 

a uniform diagnostic algorithm is required. 
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Abstract 

Key words: Silent sinus syndrome, enophthalmos, hypoglobus, maxillary sinus 

Introduction : Silent sinus syndrome is a rare condition, characterized by spontaneous enophthalmos, hypoglobus in 

association with obstruction of the ostiomeatal complex (OMC) in absence of any signs of sinonasal disease. Negative 

pressure due to obstruction of OMC is assumed to cause a gradual collapse of maxillary sinus (MS), resulting in 

contraction of MS and deformity of orbital wall. Computed tomography (CT) is optimal imaging modality. The 

definitive treatment is surgical.  

Case description: A 25-year-old male presented at the Ophthalmology Emergency room with complaints of light 

discomfort, small subcutaneous hematoma under the left eye and sudden ñfall inò of the left globe. Complaints occurred 

suddenly at the waking up. Vision with best correction was 1.0, intraocular pressure was within normal limits. Light 

conjunctival irritation and full-blooded vessels were found in the lower vault of conjunctiva. Lower eyelid fold was 

vastly deeper than in the other eye. CT was performed and deformity of left MS with pathological content and bone 

defect in the upper-medial and posterior MS wall was found. Patient rejected further evaluation and treatment.  

Conclusions: Due to unconcerned attention to personal health condition patient did not proceed evaluation nor did 

receive treatment. It is predictable, that patient will seek medical care repeatedly if life quality deteriorating complaints 

join. 

 

Kopsavilkums 

AtslǛgvǕrdi: KlusǕ blakusdobuma sindroms, enoftalms, hipoglobuss, augġģokǸa dobums 

Ievads: KlusǕ blakusdobuma sindroms ir rets stǕvoklis, ko raksturo spontǕna acǕbola dislokǕcija uz mugurpusi un uz 

leju, kas saistǭta ar ostiomeatǕlǕ kompleksa obstrukciju bez pazǭmǛm, kas liecinǕtu par sinonazǕlu slimǭbu. OstiomeatǕlǕ 

kompleksa obstrukcija rada negatǭvu spiedienu, kas izraisa pakǕpenisku augġģokǸa dobuma sabrukumu un orbǭtas sienas 

deformǕciju. OptimǕla diagnostikas metode ir datortomogrǕfija. IzvǛles metode klusǕ blakusdobuma sindroma ǕrstǛġanǕ 

ir ǵirurǥiska terapija. 

Gadǭjuma apraksts: 25 gadus vecs vǭrietis vǛrsǕs Oftalmoloǥijas traumpunktǕ ar sȊdzǭbǕm par vieglu diskomfortu 

kreisǕ acǭ, nelielu zemǕdas hematomu zem kreisǕs acs un acǕbola dislokǕciju. SȊdzǭbas raduġǕs pamostoties no rǭta. 

IzmeklǛjot pacientu, redzes asums ar korekciju 1.0, intraokulǕrais spiediens normas robeģǕs. KreisǕs acs konjunktǭva 

viegli kairinǕta, pilnasinǭgi asinsvadi konjunktǭvas apakġǛjǕ velvǛ. KreisǕs puses apakġǛjǕ plaksta kroka dziǸǕka nekǕ 

otrǕ pusǛ. DatortomogrǕfijǕ vizualizǛ patoloǥisku kreisǕ augġģokǸa dobuma saturu un kaula defektus augġǛjǕ mediǕlǕ un 

mugurǛjǕ sienǕ. Pacients atteicǕs no tǕlǕkas izmeklǛġanas un terapijas. 

SecinǕjumi: Nekritiskas subjektǭvǕs attieksmes dǛǸ pacients atteicǕs no turpmǕkas izmeklǛġanas un terapijas. 

Paredzams, ka pacients varǛtu atkǕrtoti vǛrsties pǛc medicǭniskǕs palǭdzǭbas, ja pievienosies dzǭves kvalitǕti traucǛjoġas 

sȊdzǭbas. 

 

Introduction  

Silent sinus syndrome is a rare condition, which is characterized by spontaneous 

enophthalmos or posterior displacement of the eyeball within the orbit and hypoglobus ï downward 

displacement of the eyeball, that results in facial asymmetry (Lal, Stankiewicz 2015). Silent sinus 

syndrome is associated with obstruction of the ostiomeatal complex in the absence of any signs or 

symptoms of inflammatory sinonasal disease (Gomez et al. 2014). Ostiomeatal complex is a 

functional unit which represents pathway for ventilation and drainage of maxillary sinus, frontal 



DAUGAVPILS UNIVERSITƐTES 59. STARPTAUTISKƐS ZINƐTNISKƐS KONFERENCES PROCEEDINGS OF  

RAKSTU KRƐJUMS THE 59th INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY  

 

45 

sinus and ethmoidal air cells (Standring 2016). Specific anatomic boundaries of ostiomeatal 

complex are not defined, but it refers to structures placed between medial orbital wall and middle 

turbinate ï ostia of maxillary sinus, frontal sinus and anterior ethmoidal cells, uncinate process, 

semilunar hiatus and ethmoid infundibulum (Som et al. 2011). 

Negative pressure within maxillary sinus due to obstruction of ostiomeatal complex is 

assumed to cause a gradual collapse of the maxillary sinus, resulting in contraction of maxillary 

sinus, deformity of orbital wall and increased orbital volume (Gomez et al. 2014).  

Maxillary sinuses are pyramid-shaped paranasal sinuses, which are located within maxillary 

bones. The roof of the maxillary sinus is also orbital floor (Drake et al. 2015), The air from 

maxillary sinus is resorbed in the presence of obstruction of ostiomeatal complex. That results in 

formation of negative pressure within the maxillary sinus, which incites deformation of maxillary 

sinus by curving inwards of maxillary walls (Cobb et al. 2011). Since upper maxillary wall is 

shared with orbit, deformation of it and contraction of maxillary sinus is followed by increase in 

orbital volume. Given that, coherent displacement of eyeball ensues. Because of periorbital swelling 

after collapse of maxillary sinus wall, enopthalmos and hypoglobus may not appear promptly. The 

degree of enopthalmos correlates with orbital volume ratio (Choi, Kang, Gu 2016). 

Possibly, the first case of maxillary sinus opacification and atelectasis was reported by 

Montgomery in 1964. As a syndrome, Silent sinus syndrome was firstly described in 1994 by 

Soparkar et al., when clinical and pathological features of Silent sinus syndrome were characterized 

(Ferro et al. 2016). 

Computed tomography is optimal imaging modality when Silent sinus syndrome is suspected. 

Computed tomography reveals hypoplastic opacified maxillary sinus with internally retracted antral 

walls. Also, caudal displacement of orbit contents is found due to depression of orbital floor 

(Gomez et al. 2014).  

The treatment of Silent sinus syndrome requires multidisciplinary approach. Definitive 

treatment for Silent sinus syndrome is always surgical. The first objective of surgical treatment is to 

provide appropriate aeration of maxillary sinus by establishing a drainage route. Ventilation is 

restored by removal of obstruction and enlarging the antral ostia. When the drainage route is 

created, no subsequent volume loss ensues (Cardesin et al. 2013). The second objective is to renew 

the structure of orbit, to restore position of the globe. There are reports of re-expansion of orbital 

floor with some improvement of malposition of globe in patients who had undergone endoscopic 

sinus surgery alone, but improvement seldom corresponds to state before the disease (Korn 2017). 

Case presentation 

A 25-year-old Caucasian male, with no known allergies or significant respiratory medical 

history, presented at the Ophthalmology Emergency room with complaints of light discomfort, 
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small subcutaneous hematoma under the left eye, sudden ñfall inò of the left eyeball and feeling of 

slight vision blurring in the left eye. Complaints occurred suddenly at the waking up and lasted for 

two days until patient sought medical advice. There was neither improvement nor worsening of the 

complaints in those two days.  

Patient had myopia in both eyes and astigmatism in the left eye. Vision in the right eye was 

0.3 without correction and 1.0 corrected with 1.25 diopters of myopia. Vision in the left eye was 0.3 

without correction and 1.0, corrected with 1.0 diopters of myopia and with 1.0 diopters of 

astigmatism at an angle of 175 degrees. Vision acuity was tested using the LogMAR chart.  

Intraocular pressure was within normal limits. Intraocular pressure in the right eye was 12.3 

mmHg and 11.7 mmHg in the left eye. Intraocular pressure was detected using rebound tonometry 

(Icare device). 

On physical examination eye gaps were symmetric. Left lower eyelid fold was vastly deeper 

than in the right eye (fig. 1). Left eye was 18 prism diopters (Pd) exotropic. Right pupil light reflex 

was central, but left pupil light reflex was located by the inner pupil margin.  

Eye movements were normal and unpainful in all positions of the gaze. The left upper eyelid 

was slightly restricted in the downgaze (fig. 2). 

 

 

Figure 1. Deeper left lower eyelid fold (Evita Leikarteôs personal archive) 

 

 

Figure 2. Restriction of the left upper eyelid in the downgaze  

(Evita Leikarteôs personal archive) 

 

The ability of convergence was normal. Pupils were round and symmetric, reaction to light 

was normal. Color vision was normal in both eyes. Color vision was tested using the Ishihara color 

plates.  
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Biomicroscopic examination was performed in both eyes. Light conjunctival irritation and 

full -blooded vessels were found in the lower vault of conjunctiva in the left eye. There were not any 

signs of irritation in the right eye. Corneas both, in the right eye and in the left eye, were smooth 

and glossy. The depth of anterior chambers was symmetrical and normal in both eyes. Contents of 

anterior chambers were clear in both eyes. There were no pathological changes found in irises. 

Lenses were transparent, with no opacities.  

Pupils were dilated with Tropicamidum 5 mg/ml (Mydriacil 5 mg/ml) eye drops to evaluate 

the corpus vitreum and fundus oculi. There were no pathological changes in corpus vitreum found 

after dilatation of pupils. In fundus oculi examination, optic nerve heads were yellow-orange, with 

clear margins. Cup-to-disc ratio was symmetric in both eyes and about 0.3. Neuroretinal rim was 

marked in all quadrants of the optic nerve head, having its thickest portion inferiorly, then 

superiorly, then nasally, with the thinnest portion being temporally. There were no pathological 

changes in macula or periphery of retina. Blood vessels were usually filled and with usual caliber, 

course and convolution. 

Computed tomography was performed to assess orbit and paranasal sinuses. Deformation of 

the left maxillary sinus with bone defects in the upper-medial and posterior antral walls was found 

(fig. 3). Computed tomography also demonstrated pathologic content with air inclusions within the 

left maxillary sinus, either blood or pus (fig. 4). Coronal scan showed increased orbital volume on 

the left side (fig. 5). Mucosal thickening of the left frontal sinus and left sphenoidal sinus and 

content in ethmoidal air cells were also found as well as hyperplastic mucosa in the right maxillary 

sinus. 

Both eye globes were symmetric with preserved contours. Trapped air was found in 

peribulbar space of the left eye. 

 

 

Figure 3. Deformation of left maxillary sinus walls (Archive of Department of Diagnostic 

Radiology, Clinical Centre ñBikerniekiò, Riga East Clinical University Hospital)  
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Figure 4. Pathologic content within left maxillary sinus (Archive of Department of Diagnostic 

Radiology, Clinical Centre ñBikerniekiò, Riga East Clinical University Hospital)  

 

 

Figure 5. Increase in left orbital volume (Archive of Department of Diagnostic Radiology, 

Clinical Centre ñBikerniekiò, Riga East Clinical University Hospital)  

 

Discussion 

The prevalence of Silent sinus syndrome is unknown, therefor it is difficult to evaluate the 

role of gender and age. In most reports occurrence of the Silent sinus syndrome is described in adult 

patients. However, some cases of children patients have also been reported (Chang, Truong 2014). 

In case series reported by Babar-Craig et al. (2011) patients age ranged from 14 to 79 years with the 

average age of 40.6 years. Case series of patients age ranging from 11 to 70 years with the average 

age of 43.1 years have been reported by Wise et al. (2007). The youngest patient of the Silent sinus 

syndrome described in literature is 7 years old (Chang, Truong 2014). 

Pathophysiology for chronic maxillary atelectasis due to symptomatic sinonasal disease and 

Silent sinus syndrome is shared. Nevertheless, when patients present with symptomatic 

rhinosinusitis, contraction of maxillary sinus is usually diagnosed timely due to complaints of 
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congestion, sinus headache or facial pain. Asymptomatic patients are usually related to the Silent 

sinus syndrome (Gomez et al. 2014). 

Enopthalmos and hypoglobus are not pathognomic signs of the Silent sinus syndrome. The 

diagnosis is based on clinical suspicion and is affirmed by means of radiological imaging ï coronal 

and axial computed tomography scans of paranasal sinuses and orbit. Other possible explanations 

such as chronic rhinosinusitis, facial trauma, previous sinonasal surgery should be ruled out to 

confirm the diagnosis of the Silent sinus syndrome (Hira et al. 2004). 

To treat the obstruction of the ostiomeatal complex and restore ventilation of the sinus, 

functional endoscopic sinus surgery is performed but opinions for management of the enopthalmos 

differ (Sesenna et al. 2010). There are some reports of spontaneous retraction of orbital floor and 

natural resolution of enopthalmos after functional endoscopic sinus surgery (Vander Meer et al. 

2001).  

To elucidate endoscopic sinus surgery effect on the postoperative size of affected sinus, 

Chang and Truong (2014) measured and analyzed height and width of maxillary sinuses. Before 

surgery height and width of the affected sinus was 61% and 48% of corresponding sizes of the 

normal sinus. After maxillary antrostomy the height and width of the hypoplastic maxillary sinus 

increased to 77% and 58% respectively (Chang, Truong 2014). However, most reports suggest that 

both, sinus surgery and orbital reconstruction, are necessary. The reconstruction of orbital floor may 

be performed as a single-stage operation, as well as double-stage operation, where reconstruction of 

orbital floor follows sinus surgery after two months (Sesenna et al. 2010). 

Uncinectomy may be performed in diverse ways. Maxillary sinus ostium seeker is introduced 

just behind the uncinate process, to relocate the free edge anteriorly and outwardly bewaring of 

injury of lamina papyracea. Then the uncinate process is removed in push-pull fashion. After 

removal of the uncinate process, natural maxillary ostium is identified and subsequently enlarged to 

complete maxillary antrostomy (Lal et al. 2015). 

Treatment of eye globe displacement is achieved by replenishing orbit with implants likewise 

management of fractures of orbital wall. Surgical correction of orbital floor deformity may be 

performed with multiform biomaterials (Sesenna et al. 2010). Implants including autologous bone, 

porous polyethylene, hydroxyapatite, and titanium mesh are available (Hung et al. 2017). A lateral 

canthotomy and inferior cantholysis promotes broad exposure of the orbital wall when combined 

with the transconjunctival incision. Lateral canthotomy and inferior cantholysis may not be 

necessary for patients with laxity of the lower eyelid. The dissection is continued in a preseptal 

plane to expose the arcus marginalis. Further inferior oblique muscle is disinserted, and after 

elevation of the periosteum, orbital floor is assessed and implant is placed in the subperiosteal 
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plane. Reinsertion of inferior oblique muscle follows, conjunctiva and lateral canthal closure is 

performed (Korn et al. 2017). 

Conclusion 

In this article, clinical and radiological findings of the Silent sinus syndrome have been 

reviewed. Silent sinus syndrome is a rare condition, which is characterized by spontaneous 

enophthalmos and hypoglobus, and resultant facial asymmetry. In most cases patients present at 

Ophthalmology departments, because of facial (ocular) asymmetry and with no symptoms 

corresponding sinonasal disease, as it was described in this clinical case. In some cases, patients can 

also seek medical advice at Otorhinolaryngology department. Silent sinus syndrome should be 

differentiated from chronic rhinosinusitis, also previous surgery or facial trauma should be ruled 

out. Diagnosis of this condition is based on clinical suspicion, but confirmation with computed 

tomography imaging is indispensable. The definitive treatment for Silent sinus syndrome is 

surgical.  

Unfortunately, due to unconcerned attention to personal health condition aforementioned 

patient did not proceed evaluation nor did receive treatment. It is predictable, that patient will seek 

medical help repeatedly, when the symptoms will worsen or complications, for example diplopia, 

will joi n. 
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Abstract 

Key words: Magnetic Resonance Urography, CHOP-fMRU, Congenital Anomalies of the Kidneys and Urinary tract 

Introduction: Congenital anomalies of kidney and urinary tract (CAKUT) accounts for up to 40% of pediatric end 

stage renal disease. Functional magnetic resonance imaging (MRU) is one of the precise method detecting CAKUT. 

Aim: To assess Inter-rater Reliability (IRR) between two evaluators in newly implemented kidney function software 

CHOP-fMRU in Childrenôs Clinical University Hospital, and detect kidney morphological abnormalities. 

Materials and Methods: 29 paediatric patients with hydronephrosis (HN) who underwent MRU were included. Patient 

age, gender, renal pelvis diameter (RPD), parenchymal thickness (PT), diameter of ureters (DU), grade of HN were 

recorded. Measurments of renal and calyceal transit time and differential renal function were performed by two 

evaluators using CHOP-fMRU. IRR was assessed using Interclass Correlation Coefficient (ICC). 

Results: Grades of HN were assessed as I, III and IV grades, being 3.4%, 51.7%, 44.8%, respectively. Bilateral, 

unilateral right and left kidney pathology detected in 17.2%, 24.1%, 58.6%, respectively. Morphological diagnoses 

detected: UPJ and UVJ obstruction, duplex collecting system, kidney rotation anomalies, horseshoe kidney, cystic 

anomalies. The mean RPD was 2.19 cm; mean dilatated DU=1.54 cm; mean PH=0.42 cm. ICC results were detect close 

to value 1 in all measurements (0,67-0,97), p < 0,05. 

Conclusions: MRU provides high quality morphological and functional assessment in paediatric uroradiology without 

ionizing radiation. CHOP-fMRU measurements can be safely performed by evaluators with various experiences in 

radiology. 

 

Kopsavilkums 

AtslǛgas vǕrdi: MagnǛtiskǕs rezonanses urogrǕfija, CHOP-fMRU, Iedzimtas nieru un urǭnceǸu patoloǥijas 

Ievads: 40% terminǕlas nieru mazspǛjas izmesls bǛrniem ir iedzimtas nieru un urǭnceǸu patoloǥijas. FunkcionǕlǕ 

magnǛtiskǕs rezonanses urogrǕfija (MRU) ir viena no precǭzǕkajǕm metodǛm ġo patoloǥiju diagnosticǛġanǕ. 

MǛrǵis: BǛrnu KlǭniskǕs UniversitǕtes slimnǭcǕ jaunieviestas metodes CHOP-fMRU noteikt starpvǛrtǛtǕju ticamǭbu 

(IRR) divu vǛrtǛtǕju mǛrǭjumiem, noteikt morfoloǥiskǕs patoloǥijas. 

MateriǕli un metodes: PǛtǭjumǕ iekǸauti 29 pacienti ar hidronefrozi (HN), kuriem veikts MRU izmeklǛjums. Noteikti 

pacientu demogrǕfiskie dati, nieres bǸodiǺas AP izmǛrs, parenhǭmas biezums (PB), urǭnvadu diametrs (UD), 

hidronefrozes pakǕpe. Divi vǛrtǛtǕji noteica nieru un kaliļu caurplȊdes laiku, nieru diferenciǕlǕs funkcijas mǛrǭjumus, 

pielietojot CHOP-fMRU programmatȊru. IRR tika noteikts, pielietojot starpklaġu korelǕcijas koeficientu (ICC). 

RezultǕti: Noteiktas I, III, IV pakǕpes HN, attiecǭgi 17.2%, 24.1%, 58.6%. MorfoloǥiskǕs diagnozes: UPS obstrukcija, 

UVS obstrukcija, dubultniere, nieru rotǕcijas anomǕlijas, pakavveida niere, nieru cistiskas patoloǥijas. VidǛjais AP 

izmǛrs ï 2,19 cm, vid. dilatǛta UD ï 1,54 cm, vid. PB ï 0,42 cm. ICC rezultǕti pietuvojas vǛrtǭbai 1 (0,67-0,97), p<0,05. 

SecinǕjumi: MRU nodroġina precǭzu nieru morfoloǥisko patoloǥiju un nieru funkcionǕlo spǛju izvǛrtǛġanu izvairoties 

no jonizǛjoġǕ starojuma. CHOP-fMRU metode var tikt droġi pielietota vǛrtǛtǕjiem ar daģǕdu pieredzi radioloǥijǕ. 

 

Introdu ction 

Congenital anomalies of kidney and urinary tract (CAKUT) is a group of structural 

malformations that result from defects in their morphogenesis. CAKUT include pelviureteric 

junction obstruction (PUJO), ureterovesical junction obstruction (UVJO), multicystic dysplastic 

kidneys, single kidneys, vesicoureteric reflux and duplex systems (Mantan 2013). These anomalies 

cause obstructive uropathy which is blockage of urine drainage from the kidney, ureter, or bladder, 

localising in any level of urinary tract. The appearance of dilated or enlarged renal pelvis and 
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calyces is called hydronephrosis (HN), which is a symptom of obstructive uropathy (Mujoomdar 

2017).
 
As a result of the blockage, urine backs up into the kidneys, causing dilatation of the ureter, 

renal pelvis, and renal calyces, that can damage the kidney if not diagnosed and treated properly. 

CAKUT contributes to chronic kidney disease in approximately 45 ï 60 % of pediatric patients, 

which is irreversible kidney damage that can further progress to end-stage renal disease (Mantan 

2013). There is also a higher risk developing chronic and recurrent urinary tract infection (Masnata 

2015). 

CAKUT is also one of the main reasons of end-stage renal disease (ESRD), accounting for up 

to 40% of all end-stage renal disease cases in children (Masnata 2015). ESRD is a devastating 

disorder associated with need for renal dialysis and renal replacement therapy and predispose an 

individual to hypertension, impaired growth and cardiovascular disease, increasing excessive 

mortality and cardiovascular morbidity (Harambat 2011). 

Detection of HN and kidney abnormalities requires appropriate and reliable imaging method. 

Nowadays there are many methods for detecting kidney and urinary tract pathologies, for example, 

ultrasound, renal scintigraphy, voiding cystourethrography and intravenous urography, but everyone 

of these methods have some limitations. Ultrasound is an operator-dependant method, with 

sometimes difficult visualization of the end-ureter and method cannot visualize non-dilated ureter. 

Intravenous urography (IVU) predispose patient to the risk of contrast medium nephropathy and 

there is ionizing radiation used in IVU. Renal scintigraphy provides kidney functional analysis but 

presents with poor anatomical resolution, invasiveness and requires radiation exposure. Voiding 

cystourethrography is invasive and can be only helpful in vesicoeretherl reflux detecting 

(Hadjidekov 2011; Darge 2010). 

Magnetic resonance urography is a highly advanced imaging modality of the urinary tract in 

children, providing detailed visualization of varous morphologic abnormalities that are difficult to 

identify or fully evaluate by other imaging modalities, in addition it is non-ionizing and non-

invasive method (Jones 2011). MRU is also worthwhile method for early diagnosis of kidney and 

urinary tract pathologies, evaluation of renal tumors, as well as for operative planning and 

postoperative assessment (Dickerson 2015). In addition to the morphological imaging, MRU can be 

used to quantify the renal function, using postcontrast MR urography sequences and appropriate 

software, for example, CHOP-fMRU (Childrenôs Hospital of Philadelphia functional MR 

urography). 

CHOP-fMRU is a software, developed in pediatric radiology department in Childrenôs 

Hospital of Philadelphia by authors Dmitry Khrichenko and Kassa Darge, first time presented at the 

Annual Meeting of the Society of Pediatric Radiology (SPR), 2009 (Khrichenko 2009). CHOP-

fMRU offers estimation of different kidney quantitative parameters, such as renal and calyceal 
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transit times (RTT, CTT), differential renal function based on two methods - based on the amount 

(volume) of enhancing renal parenchyma bilaterally (vDRF) and based on glomerular filtration of 

contrast material from the blood (Patlak method, pDRF). Quantitative parameters are useful in 

clinical work, particullary in pediatric urology, e.g. renal transit time shows potential acute kidney 

injury if the calyceal transit time is delayed asymmetrically. Renal transit time shows if there is 

urinary tract system obstruction, e.g. system is obstructed and decompensated if the RTT is > 490 

seconds, there is compensated system obstruction if the RTT is between 245 ï 490 s, if the transit 

time is less than 245 s, the system is considered nonobstructed. Assessed differential renal function 

is the most basic and important functional ability of MR urography, showing split renal function 

based on the generated Patlak numbers (a potential indicator of the glomerular filtration rate (GFR)) 

(Dickerson 2015).  

CHOP-fMRU requires manual segmentation of aorta and parenchyma of both kidneys 

(detecting pDRF and vDRF), as well as manual locating of slice when contrast is first clearly visible 

in the collecting system (detecting CTT) and locating of slice when contrast is first clearly visible in 

the ureter below the kidney (detecting RTT). Despite some manual procedures, method is 

characterized as user-friendly, fast method, which is easily operated by the average radiologist or 

MR technician at the same time providing comprehensive automated functional analysis 

(Khrichenko 2009). 

Functional MR urography (fMRU) provides comprehensive functional data that can be 

subject to variability. To interpret the results of newly implemented method CHOP-fMRU in 

clinical work, it is crucial to know inter-rater variability of the quantitative kidney functional 

parameters. 

Aim of the study 

To assess inter-rater reliability (IRR) between two evaluators in newly implemented kidney 

function software CHOP-fMRU in Childrenôs Clinical University Hospital, and detect kidney 

morphological abnormalities. 

Materials and methods 

In this retrospective study 29 patients with previous diagnosed hydronephrosis who 

underwent magnetic resonance urography (MRU) June 2016 ï January 2017 were included. 

Inclusion criteria were patient who had MRU examination done and postcontrast T1-W sequence 

was appropriate for CHOP-fMRU analysis. We excluded patients after nephrectomy, patients with 

non-assessable function in CHOP-fMRU due to kidney trauma, inappropriate T1-W sequence and 

those whom contrast medium was not detected even in delayed postcontrast images. 

MR urography images were obtained using a combination of two basic approaches - MR 

hydrography and postcontrast MR urography. MRU exams were performed by 1.5T MRI system. 
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MR hydrography included imaging using different T2-weighted pulse sequences, e.g. coronal and 

sagittal fast spin echo (FSE), axial and coronal high-resolution T2-W fat-saturated, two-dimensional 

(2D) FSE, and three-dimensional (3D) FSE sequences. MR urography images used to create 3D 

reconstructions, including MIP (Maximum Intensity Projections) and volume rendered images. 

Postcontrast MR was performed after the administration of intravenous gadolinium-based contrast 

material and coronal postcontrast dynamic T1-W fat-saturated and delayed T1-W fat-saturated axial 

sequence with MIP reconstructions were accomplished.  

Clinical case with renal dystopia on coronal T2-W image (Figure A) and clinical case with 

megaureter on coronal T2-W image (Figure B) are shown in picture 1. Maximum-intensity 

projection image is shown on picture 2, C figure, duplex system of the left kidney on T2-W image 

is shown on picture 2, D figure. 

Patient preparation before examination included: 

- Intravenous hydration using Ringerôs solution as stated in the following formula: 4 ml/kg/hr for 

the first 10 kg of patientôs weight; 2 ml/kg/hr for the next 10 kg of patientôs weight; 4 ml/kg/hr 

for each kg above 20 kg patientôs weight. If the child is not to be sedated, hydration was 

peformed at a dose of 10 ml/kg 

- Furosemide treatment (0.5ï1 mg/kg, up to 20 mg; administered before or during MR 

urography) 

- Insertion of a Foley catheter is in the urinary bladder 

- Sedation or general anesthesia (all children under 7 years). 

After MR urography has been performed, intravenous gadolinium-based contrast medium 

(Omniscan), was used of a standard dose of 0.1 mmol/kg with a power injector at a speed setting no 

greater than 0.25 ml/s. 

 
 

Picture 1. Figures A and B 
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Picture 2. Figures C and D 

 

Functional analysis with CHOP-fMRU software was performed. Quantitative parameters as 

Calyceal Transit Time (CTT), Renal Transit Time (RTT), Volumetric Differential Renal Function 

(vDRF) and Patlak Differential Renal Function (pDRF) were measured by two evaluators - a board 

certified radiologist and the 6
th
 year medicine student using CHOP-fMRU software.  

Inter-Rater Reliabilty (IRR) for CTT, RTT, pDRF and vDRF was assessed using Interclass 

Correlation Coefficient (ICC) with CI of 95%, p value < 0.05 was considered statistically 

significant. ICC values were evaluated by commonly-cited cutoffs for qualitative ratings of IRR 

agreement with IRR being poor for ICC values less than 0.40, fair for values between 0.40 and 0.59, 

good for values between 0.60 and 0.74, and excellent for values between 0.75 and 1.0 (Hallgren, 

2012). 

Demographical patient data (age, gender) were assessed, as well as morphological parameters 

of kideny and urinary tract - anteroposterior renal pelvis diameter (RPD), parenchymal thickness 

(PT), diameter of ureters (DU), grade of hydronephrosis were recorded. 

Grade of hydronephrosis (HN) was assessed using Society for Fetal Urology (SFU) 

classification, where in grade 0 there is no dilatation of the renal pelvis or calyces. In grade 1 (mild 

HN), dilatation of the renal pelvis is seen without dilatation of the calyces and there is no 

parenchymal atrophy seen in the image. In grade 2 (mild HN) dilatation of the renal pelvis (mild) 

and calyces (pelvicalyceal pattern is retained) is seen with no parenchymal atrophy. In grade 3 

(moderate HN), moderate dilatation of the renal pelvis and calyces, also blunting of fornices and 

flattening of papillae and mild cortical thinning is seen. In grade 4 (severe HN), gross dilatation of 

the renal pelvis and calyces, which appear ballooned, loss of borders between the renal pelvis and 

calyces, as well as renal atrophy is seen as cortical thinning (Keays 2008). 

https://radiopaedia.org/articles/renal-pelvis
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Results 

The study included twenty boys and nine girls with median age of 1 year 1 month (range 25 

days ï17 years). Among all the patients, I, III and IV grade of hydronephrosis were assessed, being 

3.4%, 51.7%, 44.8%, respectively. Grade II of hydronephrosis was not detected. Bilateral HN 

detected in 17.2%, unilateral on the right and unilateral on the left side ï 24.1%, 58.6%, 

respectively. There were different morphological diagnoses detected in this study: ureteropelvic 

junction obstruction (8 cases), ureterovesical junction obstruction (1), duplex collecting system (4), 

kidney rotation anomalies (2), horseshoe kidney (4), cystic anomalies (2). 

Analyzing structural parameters of kidney and urinary tract, renal pelvis anterior-posterior 

diameter was measured in 35 segments, being dilated (mean RPD = 2.19 cm) in 33 (94.3 %) 

segments. In two segments (5.7 %) RPD was defined as ñretained RPDò, being in diameter < 1 cm. 

Thirty-six segments of ureters were analyzed, in 16 segments (44.4 %) there were dilatation of 

ureters found with mean DU of 1.54 cm; in 20 segments (55.6 %) there was no dilatation of ureters 

with mean diameter < 0.5 cm. Parenchymal thickness was measured in 36 segments, 31 (86.1 %) 

segment was thickened (mean size of PT was 0.42 cm), 5 segments (13.9 %) were defined ar 

Ăretained PTò, being 0.7 ï 1 cm thick. 

Summarising two evaluatorsô results of functional analysis quantitative parameters, results 

showed great Inter-rater Reliability (IRR) for all measured parameters - CTT, RTT, pDRF and 

vDRF with good and excellent values of ICC (0.67 ï 0.97) with high 95% CI, shown in Table 1. 

 

Table 1. IRR showing great agreement being Ăgoodò and Ăexcellentò  

based on ICC values (0.67ï0.97) 
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Discussion 

Functional magnetic resonance urography is a valuable imaging modality for assessing 

disorders of the pediatric urinary tract, including evaluation of the kidney functional parameters, 

using CHOP-fMRU. As the method is based on manual segmentation and localizing slices for CTT 

and RTT detection - obtained data can be subjected to variability. In this study, as the method is 

newly implemented, a board certified radiologist (the only specialist of this method in clinic) 

trained the 6
th
 year medicine student in performing measurements in CHOP-fMRU software that 

could partly make an impact on high ICC values (close to value 1) and could explain great inter-

rater reliability agreement. 

Due to above-mentioned facts, it would be important to organize practical classes together 

with board specialized radiologists who have experience using this method. 

There are many grading systems for classification of hydronephrosis nowadays, e.g. Society 

for Fetal Urology (SFU), Urinary Tract Dilatation (UTD) classification and others. Grading 

hydronephrosis is requisite for further therapy evaluation and management of the disease (surgery 

planning, need for another examination). SFU classification, which was used in this study, is based 

on two parameters: urinary tract dilatation and parenchymal thickness. Many authors claim SFU 

classification due to only 2 parametrs but it is still the most popular postnatal classification used for 

HN grading; there are some limitations of this classification: it is difficult to distinguish between 

segmental and diffuse parenchymal thinning (e.g. upper pole parenchyma is retained, lower pole 

parenchyma is thinner), also the difference between grade III and grade IV HN is not evident. 

Urinary Tract Dilatation classification is based on six parameters: APD of the renal pelvis, urinary 

tract dilatation, parenchymal thickness, parenchymal appearance, ureteral status and bladder status; 

in addition it is said that the UTD classification is valid in predicting surgical intervention, and 

dilatated ureter as a risk factor provides a preference to SFU classification (Hodhod 2015). As there 

are some limitations of SFU classification, UTD classification could be potentially preferable. 

Conclusions 

MRU provides detailed information according to kidney and urinary tract morphologic 

pathologies, it is non-ionizing method which is one of the most significant advantages in pediatric 

urology. CHOP-fMRU method provides with accurately kidney functional quantitative parameters 

which are useful in treatment planning. Functional magnetic resonance can offer comprehensive 

evaluation information in one examination, that would otherwise require multiple other imaging 

tests. 

As grade III and grade IV hydronephrosis were the most common grades, there is obvious 

necessity for early evaluation of these pathologies thus preventing complications of CAKUT such 
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as chronic kidney disease and end-stage renal disease. Society for Fetal Urology could be not the 

most preferable tool for grading of hydronephrosis. 

All assessed Interclass Correlation Coefficient results were close to value of 1, showing great 

inter-rater realibility (IRR) and conclusion can be made that CHOP-fMRU software can be safely 

performed by evaluators with various experience in radiology. 
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Abstract 

Coagulation tests and their correlation with post-operative bleeding that requires a reoperation 

in cardiac surgery 

Key words: Cardiac surgery, cardiopulmonary bypass, reoperation, INR, activated partial thromboplastin time, 

prothrombin index 

Introduction: Bleeding is a common cause for early reoperation in cardiac surgery with cardiopulmonary bypass 

(CPB). Increased postoperative bleeding is associated with more complications and higher morbidity.  

Aims: The aim of the study was to retrospectively analyse patient histories and identify if there was a correlation 

between blood loss intensity in early reoperated patients and platelet count (PLT), activated partial thromboplastin time 

(APTL), INR, fibrinogen (Fb), prothrombin index (PI), antithrombin III (AT III), activated clotting time (ACT), before 

or after cardiac surgery with cardiopulmonary bypass.  

Materials and methods: The materials used in this work were 46 cardiac surgery patient histories from the medical 

archives of a Clinical University Hospital. All operations were performed with a sternotomy approach and 

cardiopulmonary bypass. All patients were reoperated within 24 hours of the primary surgery. The coagulation tests 

under analysis were platelets, activated partial thromboplastin time, fibrinogen, prothrombin index, INR, antithrombin 

III, the activated clotting time. The period covered in this study was from January 1
st
 2015 until December 31

st
 2016. 

The study was done retrospectivly. The data was compiled using Microsoft Excel and analysed IBM Statistical Package 

for the Social SciencesÈ (SPSS) 22nd 

Results: From the coagulation tests, correlation was observed in APTT prior to surgery (p=0.05), prothrombin index 

after surgery (p=0.044) and activated clotting time after surgery (p=0.025).  

Conclusions: The coagulation tests that correlated with postoperative blood loss intensity, that is great enough to 

warrant a reoperation were APTT before and after the first surgery, and postsurgical prothrombin index and activated 

clotting time after surgery.  

 

Kopsavilkums 

KoagulǕcijas testi un to korelǕcija ar pǛcoperǕcias asiǺoġanas intensitǕti agrǭni reoperǛtiem sirds ǵirurǥijas 

pacientiem 

AtslǛgas vǕrdi: sirds ǵirurǥija, mǕkslǭgǕ asinsrite, reoperǕcija, INR, aktivǛtais parciǕlais tromboplastǭna laiks, 

protrombǭna indekss. 

Ievads: AsiǺoġana ir bieģs agrǭnu reoperǕciju cǛlonis kardioǵirurǥijas operǕcijǕs, kurǕs tiek izmantota mǕkslǭgǕ 

asinsrite. PastiprinǕta pǛcoperǕcijas asiǺoġana palielina gan komplikǕciju skaitu, gan mirstǭbu.  

Darba mǛrǵis bija retrospektǭvi analizǛt agrǭni reoperǛtu pacientu vǛstures un izpǛtǭt vai pastǕv korelǕcija starp asins 

zuduma Ǖtrumu jeb intensitǕti (ml/h) un trombocǭtu skaitu, aktivǛto parciǕlo tromboplastǭna laiku, INR, fibrinogǛnu, 

protrombǭna indeksu, antitrombǭnu III un aktivǛto recǛġanas laiku pirms un pǛc sirds operǕcijas mǕkslǭgajǕ asins ritǛ.  

MateriǕli un metodes: MateriǕli, kas tika izmantoti ġajǕ darbǕ, bija 46 sirds ǵirurǥijas pacientu vǛstures no klǭniskǕs 

universitǕtes slimnǭcas arhǭva. Visi pǛtǭjumǕ iekǸautie pacienti tika operǛti ar sternotomijas pieeju un mǕkslǭgo asins riti. 

Visi pacienti tika reoperǛti 24h laikǕ pǛc primǕrǕs operǕcijas. DarbǕ aplȊkotǕs koagulǕcijas analǭzes bija trombocǭtu 

skaits, aktivǛtais parciǕlais tromboplastǭna laiks, fibrinogǛns, protrombǭna indekss , INR, antitrombǭns III, aktivǛtais 

recǛġanas laiks. PǛtǭjumǕ analizǛtais laika posms bija no 2015. gada 1. janvǕra lǭdz 2016. gada 31. decembrim. PǛtijums 

tika veikts retrospektǭvi. Datu apkopoġana tika veikta Microsoft Excel, bet analǭze IBM Statistical Package for the 

Social Sciences (SPSS) 22 È 

RezultǕti: No aplȊkotajiem koagulǕcijas testiem korelǕcija tika novǛrota aktivǛtais parciǕlais tromboplastǭna laiks 

pirms operǕcijas rezultǕtǕ (p=0.05), protrombǭna indekss pǛc operǕcijas (p=0.044), kǕ arǭ aktivǛtais recǛġanas laiks pǛc 

operǕcijas (p= 0.025).  

SecinǕjumi: KoagulǕcijas testi, kas korelǛ ar pǛcoperǕcijas asiǺoġanas intensitǕti, kas ir pietiekami liela, lai tǕs 

ǕrstǛġanai pielietotu reoperǕciju bija pirms operǕcijas aktivǛtais parciǕlais tromboplastǭna laiks un pǛc operǕcijas 

protrombǭna indekss un aktivǛtais recǛġanas laiks. 

 




