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Background. The PEWS (Pediatric Early Warning Score) is always used for prognosis of critical incidents in children at hospital. However, recording of various vital deviations may be advantageous. In this regard, it is relevant to study their prognostic value for risk of mortality estimation. Objective. The aim of the study was to estimate the frequency of vitals deviations from reference ranges in patients with low and high risk of mortality. Methods. We have studied medical records of patients aged from 1 month to 17 years old hospitalized in intensive care unit (ICU). Mortality prediction was counted with PIM3 score. Low and high risk of mortality groups were created due to the results of cluster analysis. The low risk group was made up of patients with mortality prediction rate <37%, high risk group >57%. Heart rate, respiratory rate, oxygen saturation in arterial blood, body temperature, systolic and diastolic blood pressure and deviations of all these values from reference ranges on presentation to ICU and further daily (every 2 hours) during the first 5 days (or less in case if the patient was transferred from the ICU earlier) were analysed. Results. Medical records of 66 patients (including 10 (15%) with a high risk of mortality) have been studied. The low and high risk groups were comparable by sex, age, spectrum of diseases, length of patient stay in the ICU. The lethal outcome in ICU was registered in two cases: both patients with high risk of mortality (>50%) due to PIM3 score. The frequency of vitals deviations from reference ranges on presentation to ICU and in the following 5 days (except for HR on the first day) in risk groups did not differ statistically. Conclusion. Registration of only vitals deviations from reference ranges in the child during first 5 days in ICU does not allow us to predict high risk of mortality measured by PIM3 score.
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STUDY LIMITATIONS
Sampling size was limited, thus the probability of accidental error increased. There is a high probability of type II errors (to identify differences where they do not exist), so presented data on the absence of statistically significant differences of vitals in groups of high and low risk of mortality may be in error and differ from the results that could be obtained on larger sampling.
Representativeness of the sample. We had no data on the total number of children treated in intensive care units in all medical organizations of Moscow region during the period of the research. Moreover, patient selection for our study was not complete and did not include cases with missing medical records. The inclusion in the study of 7 medical records that were not available for analysis, in our opinion, would not affect the major results of our study as these patients were from low risk group (hospitalised after elective surgery without any complications).
Study design. The analysis of vitals deviations not by lethal outcomes but by surrogate probability of such outcomes (PIM3 score) is motivated by low mortality level in ICUs in pediatric hospitals. This therefore leads to unwanted duration of information accumulation in single-centre study. The use of alternative case-controlled study design at relatively small amount of mortality cases would not improve the quality of the study either. It should also be noted that the data was obtained not in a prospective study but from medical records. The fact of estimation of any indicator was determined by its presence in the medical record, so there can be various mistakes related to writing down the data. The accuracy of this data could also be lower due to possible errors during the data extraction, as the results were not duplicated or re-checked.
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RESULTS
Table 1. Predictors of mortality due to PIM3 score [5]

	Indicators
	Score****
	Coefficient

	Pupillary reaction
	1 ― > 3 mm and both are fixed
0 ― other or unknown
	3,8233

	Elective admission
	1 ― yes (including admission after elective surgery or manipulation like: central venous catheterization, planned monitoring, correction of home-based ventilation parameters. Considering surgery and manipulations that can be postponed for 6 hours without any complications.) 

0 ― no
	-0,5378

	Artificial ventilation started on the first hour of hospitalisation
	1 ― yes (in any regime: non-invasive via nasal prongs, method with continuous positive pressure breathing, bilevel ventilation assistance or negative pressure ventilation)

0 ― no
	0,9763

	BE, mmol/l
	abs. or 0, if unknown
	0,0671

	SBP at admission
	abs. or 120, if unknown
0 ― cardiac arrest, 30 ― collapse or low SBP (can’t be estimated)
	-0,0431 × (SBP at admission) + 0,1716 × ((SBP at admission)2 / 1000)

	FiO2
	abs. (indicator measured along with PaO2 during oxygenation via tracheal tube or hood)
	0,4214 × (FiO2 × 100) / PaO2

	PaO2, mm Hg*
	abs. or 0,23, if it was not measured
	

	Recovery after surgery/manipulation ― major reason of hospitalisation**

· no
· after coronary artery bypass surgery
· after any other manipulation
· after non-cardiac manipulation
	0

1

2

3
	-
-1,2246

-0,8762

-1,5164

	Diagnosis***
· very high risk
· high risk
· low risk
· other diseases
	1

2

3

0
	1,6225

1,0725

-2,1766

-


Note. ВЕ (base excess) — the excess of base present in the arterial or capillary blood, РаО2 — oxygen partial pressure, FiO2 — fraction of inspired oxygen. * ― fraction of inspired oxygen to oxygen partial pressure ratio in capillary blood; ** ― including radiological procedures and heart catheterization. Not included ― patients whose postoperative period is not an immediate cause of admission to ICU, for example after intracranial pressure monitoring in brain injury; *** ― diseases (diagnoses) of low risk: bronchial asthma, bronchiolitis (including children with central apnoea or respiratory failure who has been diagnosed bronchiolitis), croup, obstructive sleep apnoea (including children hospitalized for adeno- or tonsillectomy and in whom apnoea is the major reason for ICU admission; coding after surgery), diabetic ketoacidosis, seizures (including patients hospitalized fir the first time due to epileptic status, epilepsia, febrile seizure or epileptic syndrome. Diseases of high risk: intracranial hemorrhage (including spontaneous, excluding traumatic or non-intracranial like subdural), cardiomyopathy or myocarditis, hypoplastic left heart (any age, including only cases when Norwood operation or the like has been performed in neonatal period for life sustaining), neurodegenerative diseases (in anamnesis and even without any clinical signs at the moment of admission), necrotising enterocolitis. Diseases of very high risk: cardiac arrest, previous admission (including in- and out-hospital but excluding cardiac arrest in anamnesis), severe combined immunodeficiency syndrome, leucosis or lymphoma after first induction (including only cases of admission due to leucosis or lymphoma for treatment), recipient of bone-marrow transplantation, hepatic failure (acute or chronic, including cases when it is major reason of admission to ICU, and excluding cases when it is elective admission for liver transplant) [5]. The risk was measured on the disease of admission to ICU. ICU― intensive care unit.
Table 2. Reference ranges of respiratory rate and heart rate
	Indicators
	0−11 m
	1−4 y
	5−12 y
	> 12 y

	RR1, per min
	35−60
	28−35
	18−26
	16−18

	RR2, per min
	30−60
	20−40
	20−30
	10−20

	HR1, BPM
	95−140
	80−120
	60−110
	60−82

	HR2, BPM
	90−160
	90−140
	70−120
	60−100


Note. 1 — according to Yu. Aleksandrovich et all. [8], 2 — according A. Solevаg et all. [7]. RR — respiratory rate, HR — heart rate.
Table 3. Structure of patients with low and high risk of mortality (PIM3 score) at ICU admission
	Indicators
	Low risk of mortality
(n = 56)
	High risk of mortality
(n = 10)
	р

	Mortality prediction rate, %
	23 (6; 36)
	62 (60; 76)
	0,001

	Gender (male), abs. (%)
	35 (63)
	8 (80)
	0,474

	Age, years
	0,7 (0,2; 4,0)
	2,0 (0,9; 7,0)
	0,700

	Diseases, abs. (%):

· bronchitis, pneumonia
· thermal injury
· epileptic syndrome 
· congenital pulmonary malformation
· intoxication
· intracranial hypertension
· metrorrhagia
· meningocephalitis
· urinary tract infections
· brain injury
· inguinal hernia
· deficiency anemia
· diabetic ketoacidosis
· hereditary myopathy
· peritonitis
· cardiac rhythm disorder
	16 (29)

10 (18)

9 (16)

0 (0)

2 (4)

2 (4)

1 (2)

3 (5)

2 (4)

3 (5)

1 (2)

2 (4)

2 (4)

0 (0)

1 (2)

2 (4)
	6 (60)

2 (20)

1 (10)

1 (10)

0 (0)

0 (0)

0 (0)

1 (10)

1 (10)

1 (10)

0 (0)

0 (0)

0 (0)

1 (10)

0 (0)

0 (0)
	0,072

1,000

1,000

0,152

1,000

1,000

1,000

0,490

0,394

0,490

1,000

1,000

1,000

0,152

1,000

1,000

	Surgical patient*, abs. (%)
	24 (43)
	4 (40)
	1,000

	ALV, абс. (%)
	6 (11)
	7 (70)
	0,001

	Length of stay in ICU, days
	3,5 (1; 7)
	2 (1; 3,5)
	0,268

	Lethal outcome, abs. (%)
	0 (0)
	2 (20)
	0,021


Note. ALV — artificial lung ventilation, ICU ― intensive care unit. * ― patient hospitalized in any surgical department to estimate the need for surgery.

Table 4. Frequency of vitals deviations from reference ranges at admission to ICU
	Indicators
	Low risk of mortality
 (n = 56), abs. (%)
	High risk of mortality (n = 10), abs. (%)
	р

	HR1↓

· ↑

· total deviation
	2 (4)

17 (30)

19 (34)
	0 (0)

2 (20)

2 (20)
	1,000

0,711

0,483

	HR2
· ↓

· ↑

· total deviation
	3 (5)

41 (73)

44 (79)
	0 (0)

5 (50)

5 (50)
	1,000

0,156

0,109

	RR1
· ↓

· ↑

· total deviation
	6 (11)

8 (14)

14 (25)
	0 (0)

0 (0)

0 (0)
	0,580

0,342

0,104

	RR2
· ↓

· ↑

· total deviation
	23 (41)

13 (23)

36 (64)
	0 (0)

0 (0)

0 (0)
	0,011

0,190

0,001

	SBP*

· ↓

· ↑

· total deviation
	4 (7)

24 (43)

28 (50)
	2 (22)

1 (11)

3 (33)
	0,191

0,137

0,480

	DBP*

· ↓

· ↑

· total deviation
	9 (16)

2 (4)

11 (20)
	2 (22)

0 (0)

2 (22)
	0,642

1,000

1,000

	SpO2
· ↓
	11 (20)
	2 (20)
	1,000

	Body temperature
· ↑
	10 (18)
	0 (0)
	0,338


Note. 1 — reference ranges according to [8], 2 — reference ranges according to [11]. ↓ — below reference range, ↑ — above reference ranges. Total deviation — total number of patients who had lower or higher indicator values than reference ranges. SpO2 — oxygen saturation in arterial blood. * ― SBP and DBP values are known for 9 patients in high risk group.
Table 5. Vitals deviations from reference ranges in 1−5 days of hospital stay in ICY
	Indicators
	Number of patients, abs. (%)*
	Percentage of deviations from reference ranges, %**

	
	Low risk of mortality
	High risk of mortality
	р
	Low risk of mortality
	High risk of mortality
	р

	1 day (n = 56/10)

	HR1:

· ↓

· ↑

· total deviation 3
HR2:

· ↓

· ↑

· total deviation
SBP2
· ↓

· ↑

· total deviation
DBP2
· ↓

· ↑

· total deviation
Body temperature
· ↑

SpO2
· ↓

RR1:

· ↓

· ↑

· total deviation3
RR2:

· ↓

· ↑

· total deviation
	6 (11)

29 (52)

35 (63)

7 (13)

49 (88)

53 (95)

16 (29)

31 (55)

43 (77)

18 (32)

4 (7)

22 (39)

16 (29)

9 (16)

14 (25)

10 (18)

24 (43)

8 (14)

21 (38)

43 (77)
	0 (0)

4 (40)

4 (40)

0 (0)

5 (50)

5 (50)

2 (20)

3 (30)

5 (50)

5 (50)

2 (20)

6 (60)

2 (20)

1 (10)

0 (0)

1 (10)

1 (10)

0 (0)

2 (20)

2 (20)
	0,735

0,295

0,295

0,298

0,013

0,013

0,715

0,180

0,121

0,300

0,222

0,302

0,715

1,000

0,104

1,000

0,076

0,342

0,474

0,001
	50 (44; 56)

33 (17; 71)

38 (17; 71)

44 (30; 60)

89 (50; 100)

88 (50; 100)

27 (14; 33)

67 (25; 100)

44 (25; 100)

31 (14; 50)

27 (15; 67)

31 (14; 50)

18 (11; 39)

29 (20; 63)

40 (22; 67)

83 (33; 100)

50 (27; 100)

0 (0; 10)

43 (22; 100)

78 (50; 100)
	0 (0; 0)

67 (29; 100)

67 (29; 100)

0 (0; 0)

100 (100; 100)

100 (100; 100)

78 (67; 89)

100 (67; 100)

89 (67; 100)

57 (33; 67)

42 (33; 50)

57 (33; 67)

30 (22; 38)

100 (100; 100)

0 (0; 0)

11 (11; 11)

11 (11; 11)

22 (22; 22)

36 (22; 50)

53 (50; 56)
	1,000

0,203

0,289

1,000

0,432

0,372

0,157

0,289

0,219

0,446

0,533

0,100

0,549

0,001

1,000

0,001

0,001

0,001

0,640

0,315

	2 day (n = 31/7)

	HR1:

· ↓

· ↑

· total deviation
HR2:

· ↓

· ↑

· total deviation
SBP2
· ↓

· ↑

· total deviation
DBP2
· ↓

· ↑

· total deviation
Body temperature
· ↑

SpO2
· ↓

RR1:

· ↓

· ↑

· total deviation 3
RR2:

· ↓

· ↑

· total deviation
	3 (10)

18 (58)

21 (68)

3 (10)

28 (90)

29 (94)

6 (19)

15 (48)

19 (61)

12 (39)

2 (7)

14 (45)

10 (32)

8 (26)

8 (26)

4 (13)

12 (39)

19 (61)

19 (61)

24 (77)
	1 (14)

3 (43)

4 (57)

1 (14)

4 (57)

5 (71)

2 (29)

5 (71)

7 (100)

4 (57)

1 (14)

5 (71)

3 (43)

1 (14)

0 (0)

0 (0)

0 (0)

2 (29)

2 (29)

3 (43)
	1,000

0,678

0,672

1,000

0,063

0,148

0,624

0,410

0,075

0,425

0,467

0,405

0,672

0,249

0,307

0,545

0,075

0,207

0,207

0,161
	33 (8; 58)

50 (17; 75)

50 (17; 60)

33 (33; 83)

100 (33; 100)

100 (50; 100)

67 (8; 100)

100 (50; 100)

100 (50; 100)

38 (17; 63)

21 (8; 33)

33 (8; 50)

16 (8; 25)

21 (13; 67)

17 (17; 50)

100 (100; 100)

50 (17; 100)

75 (25; 100)

75 (25; 100)

88 (54; 100)
	17 (17; 17)

67 (58; 92)

63 (38; 79)

8 (8; 8)

100 (92; 100)

100 (83; 100)

25 (17; 33)

100 (67; 100)

67 (33; 100)

29 (17; 42)

58 (58; 58)

33 (25; 50)

17 (17; 33)

100 (100; 100)

0 (0; 0)

0 (0; 0)

0 (0; 0)

79 (75; 83)

79 (75; 83)

75 (17; 83)
	0,001

0,221

0,452

0,001

0,424

0,925

0,643

0,933

0,334

0,521

0,001

0,964

0,573

0,001

1,000

1,000

1,000

0,857

0,857

0,313

	3 day (n = 21/7)

	· HR1:

· ↓

· ↑

· total deviation
HR2:

· ↓

· ↑

· total deviation
SBP2
· ↓

· ↑

· total deviation
DBP2
· ↓

· ↑

· total deviation
Body temperature
· ↑

SpO2
· ↓

RR1:

· ↓

· ↑

· total deviation3
RR2:

· ↓

· ↑

· total deviation
	1 (5)

12 (57)

13 (62)

1 (5)

19 (91)

19 (91)

4 (19)

11 (52)

15 (71)

10 (48)

3 (14)

13 (62)

10 (48)

4 (19)

3 (14)

6 (29)

9 (43)

7 (33)

9 (43)

15 (71)
	0 (0)

3 (43) 9

3 (43)

1 (14)

5 (71)

6 (86)

1 (14)

5 (71)

6 (86)

2 (29)

3 (43)

5 (71)

3 (43)

2 (29)

1 (14)

0 (0)

1 (14)

2 (29)

0 (0)

2 (29)
	1,000

1,000

0,642

0,444

0,253

1,000

1,000

0,662

0,639

0,662

0,144

1,000

1,000

0,622

1,000

0,288

0,364

1,000

0,062

0,076
	33 (33; 33)

29 (13; 42)

33 (17; 42)

17 (17; 17)

100 (75; 100)

100 (75; 100)

75 (63; 88)

83 (25; 100)

75 (33; 100)

29 (17; 50)

17 (8; 50)

25 (16; 50)

21 (8; 25)

33 (13; 63)

42 (8; 92)

71 (42; 75)

67 (42; 75)

100 (58; 100)

100 (58; 100)

100 (58; 100)
	0 (0; 0)
58 (8; 100)

58 (8; 100)

8 (8; 8)

100 (50; 100)

75 (41; 100)

25 (25; 25)

100 (100; 100)

100 (25; 100)

17 (8; 25)

25 (8; 50)

25 (8; 25)

50 (17; 58)

54 (17; 92)

50 (50; 50)

-

50 (50; 50)

96 (92; 100)
0 (0; 0)

96 (92; 100)
	1,000

0,448

0,439

0,001

0,891

0,400

0,001

0,320

0,519

0,364

1,000

0,503

0,161

0,533

0,001

-

0,001

0,889

1,000

0,941

	4 day (n = 18/6)

	

	HR1:

· ↓

· ↑

· total deviation
HR2:

· ↓

· ↑

· total deviation
SBP2
· ↓

· ↑

· total deviation
DBP2
· ↓

· ↑

· total deviation
Body temperature
· ↑

SpO2
· ↓

RR1:

· ↓

· ↑

· total deviation3
RR2:

· ↓

· ↑

· total deviation
	2 (11)

10 (56)

12 (67)

2 (11)

17 (94)

18 (100)

7 (39)

6 (33)

12 (67)

11 (61)

0 (0)

11 (61)

7 (39)

3 (17)

3 (17)

5 (28)

8 (44)

7 (39)

8 (44)

12 (67)
	0 (0)

2 (33)

2 (33)

0 (0)

4 (67)

4 (67)

1 (17)

5 (83)

6 (100)

2 (33)

3 (50)

5 (83)

3 (50)

1 (17)

0 (0)

0 (0)

0 (0)

1 (10)

1 (10)

2 (20)
	1,000

0,640

0,192

1,000

0,143

 -

0,621

0,061

1,000

0,239

0,001

0,621

0,665

1,000

0,546

0,280

0,066

0,621

0,351

0,192
	46 (25; 67)

26 (17; 75)

26 (21; 71)

33 (17; 50)

100 (46; 100)

96 (46; 100)

17 (8; 75)

63 (8; 100)

44 (13; 96)

27 (17; 50)

-

27 (17; 50)

8 (8; 17)

33 (18; 83)

33 (8; 100)

83 (33; 92)

58 (33; 96)

42 (25; 100)

83 (50; 100)

88 (50; 100)
	0 (0; 0)

54 (25; 83)

54 (25; 83)

0 (0; 0)

79 (46; 100)

79 (33; 100)

17 (17; 17)

100 (17; 100)

58 (17; 100)

21 (8; 33)

8 (8; 17)

8 (8; 17)

83 (8; 92)

100 (100; 100)

0 (0; 0)

0 (0; 0)

0 (0; 0) 

50 (50; 50)

33 (33; 33)

42 (33; 50)
	1,000

0,758

0,659

1,000

0,763

0,774

0,001

0,662

0,682

0,641

-

0,069

0,267

0,001

1,000

1,000

1,000
0,001

0,001

0,088

	5 day (n = 12/6)

	· HR1:

· ↓

· ↑

· total deviation
HR2:

· ↓

· ↑

· total deviation
SBP2
· ↓

· ↑

· total deviation
DBP2
· ↓

· ↑

· total deviation
Body temperature
· ↑

SpO2
· ↓

RR1:

· ↓

· ↑

· total deviation3
RR2:

· ↓

· ↑

· total deviation
	0 (0)

8 (67)

8 (67)

0 (0)

11 (92)

11 (92)

6 (50)

4 (33)

10 (33)

7 (53)

0 (0)

7 (58)

4 (33)

2 (17)

3 (25)

5 (42)

8 (67)

7 (58)

8 (67)

12 (100)
	1 (17)

2 (33)

3 (50)

0 (0)

5 (83)

5 (83)

1 (17)

5 (83)

6 (100)

2 (33)

0 (0)

2 (33)

2 (33)

2 (33)

0 (0)

0 (0)

0 (0)

1 (17)

1 (17)

2 (33)
	0,333

0,321

0,428

-

1,000

1,000

0,316

0,371

0,529

0,620

-

0,620

1,000

0,683

0,515

0,114

0,013

0,152

0,131

0,005
	0 (0; 0)

29 (13; 54)

29 (13; 54)

0 (0; 0)

83 (58; 100)

83 (58; 100)

38 (17; 92)

96 (54; 100)

75 (17; 100)

33 (25; 67)

0 (0; 0)

33 (25; 67)
25 (21; 46)
29 (25; 33)

25 (25; 25)

67 (8; 92)

46 (17; 79)

33 (25; 92)

71 (29; 96)

50 (25; 92)
	17 (17; 17)

58 (33; 83)

33 (17; 83)

0 (0; 0)

83 (17; 100)

83 (17; 100)
50 (50; 50)

100 (92; 100)

96 (50; 100)
29 (8; 50)

0 (0; 0)

29 (8; 50)
46 (33; 58)
58 (17; 100)
41 (42; 42)

50 (50; 50)

92 (92; 92)
17 (17; 17)

33 (21; 42)

42 (21; 58)
	0,001

0,400

0,630

-

0,583

0,583

0,001

0,730

0,313
0,500

-

0,500
0,533
1,000

0,001

0,001

0,001
0,200

0,343

0,527


Note. Statistically significant difference is shown with bold type. * ― number of patients who had values deviations during the day; ** ― average frequency of values deviations records in one patient during one day. ↓ — below reference range, ↑ — above reference range. Total deviation — total number of patients who had lower or higher indicator values than reference ranges. 1 — reference ranges according to [8]; 2 — reference ranges according to [6]; 3 — total number of patients who has registered such deviations; one patient can have deviations in both ways; it is not algebraic expression of all patients with deviations below or above reference ranges.[image: image1][image: image2.png]



