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Abstract
Objectives: There is only one pediatric intensive care unit (PICU) in Latvia, where all critically ill children <18
years are admitted from all regions of Latvia. The aim of this study is to ascertain regional differences in mortality
and morbidity of critically ill children over a 5-year period.

Materials and Methods: Descriptive retrospective study of children who were admitted to the PICU in Latvia from
January 2012 to December 2016. Data on episodes were obtained from the Children's Clinical University Hospital
electronic health records. Pediatric Index of Mortality (PIM2) was used for risk adjustment and calculation of
standardized mortality ratio (SMR). The data were compared among the six regions of Latvia - Kurzeme, Latgale,
Pieriga, Riga, Vidzeme, and Zemgale.

Results: The analysis included 3651 intensive care episodes. The highest PICU admission prevalence was in Riga
and the lowest in Latgale - 2.3 and 1.7 admissions per 1000 children per year, respectively. The highest emergency
admission proportion was observed in Riga and Pieriga, while the lowest in Latgale - 52 and 38%, respectively. The
average proportion of mechanically ventilated patients ranged from 24 to 29% of all admitted patients across the
regions. SMR for the total population was 1.44 (95% CI: 1.17- 1.81). In two regions, Riga (1.51; 95% CI: 1.042.14) and Latgale (2.21; 95% CI: 1.9- 3.76), it was significantly higher than 1.
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Conclusions: We noted excess mortality (SMR >1) in the population of critically ill children in Latvia, 2012-2016;
in particular, in patients from two regions - Riga and Latgale.

Keywords: Pediatric intensive care units; Critical care outcomes; Child mortality; Hospital mortality; Critical
illness; Patient admission

1. Introduction
Latvia is a Northern European country with a population size of 1.97 million, of which about 354,000 are children
less than 18 [1]. Over the last 25 years, the under-five mortality rate in Latvia has decreased from 21 to 4.8 per 1,000
live births; however, it still remains one of the highest in the European Union [2, 3]. Latvia’s National Health
Service healthcare system has a hospital network consisting of three tertiary university hospitals, seven regional
hospitals where multidisciplinary subspecialty care is available, twelve local hospitals and ten specialized hospitals
providing only single subspecialty care (e.g. orthopedics, obstetrics, psychiatry etc.) [4]. Of the three university
hospitals, one is a dedicated children’s hospital where all children needing pediatric subspecialist care are
transferred, including critical care. The only national PICU admits all critically ill children that are older than 1
month and younger than 18 years from all regions of Latvia (>700 children a year) [5]. In Latvia any child who
requires continuous cardiopulmonary monitoring is considered a candidate for PICU admission.

The territory of Latvia is divided into 6 regions, consisting of counties and cities. Following the completion of
administrative territorial reform in 2009, Latvia has Riga (the capital city), Pieriga (central Latvia surrounding the
capital), Vidzeme (North-East), Latgale (South-East), Zemgale (South), and Kurzeme (West) regions (Figure 1A).
The aim of this study was to investigate regional differences in the admission prevalence, mortality and
interventions for pediatric critical illness in Latvia over a five-year period.
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Figure 1A: Calculated SMR and the geographic location of the regions of Latvia.
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Figure 1B: SMR according to predicted number of deaths in the regions of Latvia. Dashed lines represent 95% CI
for SMR of 1.0. SMR - standardized mortality ratio; CI - confidence interval.

2. Materials and Methods
2.1 Patients
This was a descriptive retrospective study. The study protocol was approved by Riga Stradins University Ethics
Committee (No 24 / 27.04.2017.) and Children’s Clinical University Hospital (BKUS-3/2017). All children between
the ages of 1 month and 18 years who were admitted to Children’s Clinical University Hospital Intensive Care Unit
between January 2012 and December 2016 were included in this study. In Latvia children younger than 1 month
regardless of diagnosis are admitted to the neonatal intensive care unit and were excluded.

2.2 Clinical data
Data on episodes of intensive care were obtained from the Children's Clinical University Hospital electronic health
records system Andromeda (Children's Clinical University Hospital, Riga, Latvia). Clinical data were obtained from
the IntelliVue Clinical Information Portfolio (ICIP) D.03.02 (Koninklijke Phillips Electronics N.V., The
Netherlands) electronic medical record software.

2.3 Population data
The population data were obtained from The Centre for Disease Prevention and Control of Latvia. Population data at
the beginning of 2016 were used as denominator (Table 1).
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Region of Latvia

Parameter

Total

Riga

Pieriga

Kurzeme

Vidzeme

Zemgale

Latgale

Total

639,630

366,347

251,088

195,998

239,356

276,538

1,968,957

Children <18 years

110,342

74,076

46,563

34,251

44,251

44,930

354,413

(%)

(17.3)

(20.2)

(18.5)

(17.5)

(18.5)

(16.2)

(18.0)

Population in 2016

Deaths aged 1 month to <18 years (2012- 2016)
Total

210

134

125

83

140

137

829

40

37

53

48

63

59

47

PICU deaths (% of

30

18

4

6

12

12

82

all deaths)

(14.3)

(13.4)

(3.2)

(7.2)

(8.6)

(8.8)

(9.9)

Per

100,000

children per year

PICU admissions (2012- 2016)
Total episodes

1,276

751

438

327

470

389

3,651

Per

231

203

188

191

212

173

206

Emergency

665

395

178

157

236

147

1,778

admissions (%)

(52.1)

(52.6)

(40.6)

(48.0)

(50.2)

(37.8)

(48.7)

Ventilated

349

179

110

78

138

104

958

(%)

(27.3)

(23.8)

(25.1)

(23.9)

(29.4)

(26.7)

(26.2)

Length of stay in

23.6

23.6

23

22.9

24.1

23.7

23.5

hours, median (IQR)

(19.7- 4.4)

(19.6- 9.3)

(19.4-57.7)

(18.9-66.9)

(19.6-65.2)

(19.9-65.8)

(19.6- 63.3)

100,000

children per year

patients

Table 1: Demographics and characteristics of pediatric critical illness among the regions of Latvia.

2.4 Risk adjustment
Pediatric Index of Mortality (PIM2) score was used for risk adjustment and standardized mortality ratio calculation
[6]. PIM2 is a mortality risk prediction tool which considers data on the type of admission (elective or emergency),
low-risk or high-risk diagnosis, mechanical ventilation, blood pressure, blood gas, and pupillary examination data
within the first hour of admission to the PICU. SMR is a recognized indicator of critical care quality. SMR was
calculated as a ratio of the observed PICU mortality and mortality predicted by PIM2. An SMR >1 means that
observed mortality is higher than expected [7]. 95% confidence intervals (CI) were calculated by using Mid-P test in
SMR Analysis v4.11.19 on-line tool [8].

2.5 Data visualization
ArcGIS 10.5.1 (Esri, US) software was used for data visualization on maps.
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3. Results
Hospital electronic health records returned 3709 admissions to intensive care, 40 (1%) were excluded because of
missing, incomplete or conflicting clinical data, 18 (0.5%) patients could not be assigned to a region, i.e. missing
address or not residents of Latvia. The final analysis included 3651 intensive care episodes of 2903 individual
patients, a mean of 730 episodes per year.

3.1 PICU admission prevalence
During the study period the average PICU admission prevalence was 206 per 100,000 children per year (95% CI:
198-211). Table 1 demonstrates regional differences in the admission prevalence. The highest admission prevalence
of critical pediatric illness was observed in Riga, while the lowest was in Latgale, with 231 and 173 admissions per
100,000 children per year, respectively. Latgale also had the lowest emergency admission proportion-37.8% of all
admitted patients. The highest proportion of emergency admissions was observed in Riga and Pieriga-52%(Table 1).

3.2 Diagnostic groups
Figure 2 demonstrates the most common diagnostic groups. The five most common reasons for admission were
cardiovascular, gastrointestinal, neurological, musculoskeletal diagnosis and trauma. The main reason for admission
to PICU in Riga, Pieriga, Vidzeme, Zemgale and Latgale regions was cardiovascular diagnosis. In Kurzeme the
most common reason for admission was trauma (16%). Trauma had similar prevalence across all regions of Latvia
(11 to 15%).

Figure 2: Five most frequent types of diagnosis in the regions of Latvia (2012- 2016).

3.3 Mechanical ventilation
A total of 958 (26.2%) patients were ventilated during study period. No significant differences were observed in the
proportion of mechanically ventilated patients in regions of Latvia. The average proportion of mechanically
ventilated patients ranged from 24 to 29% of all admitted patients with median ventilation period of 2 (IQR: 1- 4)
days.
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3.4 Mortality
A total of 829 children aged 1 month to <18 years died in Latvia during the study period. Of all deaths during the
study period 82 (9.9%) were PICU deaths. The proportion PICU deaths varied from 3.2 in Kurzeme to 14.3% in
Riga. Table 2 shows observed PICU mortality rate, predicted PICU mortality, mean PIM2 score and SMR across all
regions. SMRs in the whole PICU population (1.47; 95% CI: 1.17- 1.81) and in Riga (1.51; 95% CI: 1.04- 2.14) and
Latgale (2.21; 95% CI: 1.9- 3.76) regions were significantly higher than 1 (Figure 1B).

Regions

Parameter
Observed mortality rate
Prediction by mean PIM2

a

Total

Riga

Pieriga

Kurzeme

Vidzeme

Zemgale

Latgale

0.0235

0.024

0.0091

0.0183

0.0256

0.031

0.022

0.0155

0.0158

0.0148

0.0159

0.0154

0.0139

0.0153

1.52

1.51

0.62

1.16

1.66

2.21

1.47

(1.04-2.14)

(0.92-2.34)

(0.2-1.49)

(0.47-2.4)

(0.9-2.82)

(1.2-3.76)

(1.17-1.81)

score
SMRb (95% CI)
a

b

- Pediatric Index of Mortality 2; - Standardized mortality ratio

Table 2: Regional standardized mortality ratios of critically ill children in Latvia (2012–2016).

4. Discussion
Pediatric intensive care is a low-volume, high cost specialty with a primary goal of lowering mortality of children
with reversible critical illness whilst optimizing functional outcomes [9]. Description of the epidemiology of critical
illness allows for planning of bed numbers and staffing, thus meeting the demand for this expensive resource costeffectively and safely. Furthermore, regional factors are crucial in planning specialized transfer of these children in a
timely manner. This is the first study that assessed differences in incidence and mortality of pediatric critical illness
across the regions of Latvia.

Average admission prevalence of pediatric critical illness in Latvia during January 2012 to December 2016 was 206
per 100,000 children (<18 years) per year. The rate of PICU admissions in the United Kingdom (UK) and Ireland
was similar with 150 per 100,000 children <16 per year [10]. Our observed crude PICU mortality was low (average
mortality rate 2.2%) and was lower than reported elsewhere - 3.4% in the PICANet registry in the UK and Ireland
[10], 5.8% in a Europe-wide study [11], 6.4- 10.3% in the PICUs in Egypt [12]. A five-year retrospective cohort
study by McCrory and colleagues showed a very similar crude PICU mortality in the United States of 2.3% [13].
However, mortality in the intensive care unit depends on the severity of illness and the patient population analyzed.
Risk adjustment scores allow for inter- and intra- unit mortality comparison over time [14]. For this reason, we used
the PIM2 score and standardized mortality ratio (SMR). There was excess mortality in the whole population and in
two regions in particular - Riga and Latgale.

Another important finding of this study is that only a small proportion of children died in the PICU in Latvia (9.9%).
This proportion is lower than in the UK, where about 15% children die in the PICU [10]. Moreover, in 2016 of all
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pediatric deaths (28 days to 14 years) in Latvia, 56% were out-of-hospital, with most out-of-hospital deaths caused
by accidents (The Centre for Disease Prevention and Control of Latvia; data given upon request); in comparison in
the UK in the same age group only 20% deaths were out-of-hospital [15]. The delay in reaching hospital care may
be a significant factor why we observed excess mortality in this study. Mechanical ventilation is one of the most
common procedures performed in PICU. According to Khemani and colleagues in the United States 30% to 64% of
admitted patients require ventilatory support [16], in the UK and Ireland about 65% [10], while in a study in India
about 16% of patients received mechanical ventilation [17]. In our study the proportion of mechanically ventilated
patients was only from 24% to 29%. This can be explained by the fact that in Children’s Clinical University
Hospital there are no high-dependency or step-down units, hence most patients requiring telemetry are admitted to
the PICU.

5. Limitations
This was a retrospective study. The main limitation of this fact is that we could not retrieve all information
necessary for calculation of PIM2 in all patients. Missing variables in this risk prediction model are assumed to be
normal and lead to lower estimated mortality risk. This study led to the establishment of prospective PICU registry
in Latvia [5], which will allow prospective validation of these findings. Some children >1 month died in the NICU,
which leads to lower proportion of PICU deaths, even though these children were receiving intensive care. We were
unable to adjust for this; however, we know that this number is small.

6. Conclusions
While the childhood mortality in Latvia is declining, still it remains one of the highest in the European Union. We
evaluated the main indicators of the PICU epidemiology and compared them among different regions of Latvia. We
found higher than predicted PICU mortality in Latvia. This study raises the question and need to investigate why
regional differences in pediatric critical care in Latvia exist.
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