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Abstract.

Background. Phosphate and magnesium disorders frequently develop in critically ill patients during the course of stay in
paediatric intensive care unit.

Objectives. The aim of this study was to investigate the prevalence of hypophosphatemia and low level of magnesium
in children with acute respiratory failure. The study hypothesis was that the duration of mechanical ventilation and stay in
PICU in children depend on the presence of electrolyte disorders.

Setting. Tertiary children's hospital, Department of Anesthesiology and Intensive Care, Danylo Halytsky Lviv National
Medical University; Department of Anesthesiology and Intensive Care, Lviv Regional Children Hospital “OCHMATDYT”,
Ukraine, July 2018 — July 2019.

Patients. Children aged 1 month — 1 year, who needed invasive mechanical ventilation.

Intervention. Measurement levels of phosphorus and magnesium on 1st, 3rd, 5th and then every five days during
mechanical ventilation.

Main outcome measures. The primary outcome was the time to liberation from mechanical ventilation and secondary
outcomes were complications: reintubation, tracheostomy, prolonged ventilation, or death.

Results. We find out that 100% patients at admission had severe hypophosphatemia and 44% had low level of magnesium.
Hypomagnesemia was treated until 10th day and level of phosphorus could not reach normal values until discharge. The
presence of hypophosphatemia was associated with prolonged PICU admission (duration ratio 1.45, 95% CI 1.15 to 2.25),
and a higher risk of complications (OR 1.72, 95% CI 1.15 to 2.52).

Conclusion. The presence of hypophosphatemia in children who were mechanically ventilated due to acute respiratory
failure was associated with prolonged PICU admission and a higher risk of complications.

Trial registration: ISRCTN registry. Identifier: ISRCTN84734652.
Key words: children, mechanical ventilation, hypophosphatemia, hypomagnesemia.

INTRODUCTION.

Electrolyte disorders frequently develop in
critically ill patients during the course of stay in
pediatric intensive care unit (PICU). Phosphate and
magnesium disturbances are one of those frequently
encountered electrolyte disorders 1,6,7. The incidence
of hypophosphatemia is common in critically ill
children might be from 42% at admission to PICU to
over 60% during course of treatment 6. Apart from
this, magnesium deficiency commonly occurs in
critical illnesses and correlates with higher mortality
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rate and worse clinical outcome in the intensive care
unit (ICU) patients 1,2. Hypomagnesemia occurs in
40% of hospitalized patients, approximately 60% of
postoperative patients, 65% of medical ICU patients,
and up to 90% of surgical ICU patients. In addition,
sick children, who are provided with mechanical
ventilation, often have moderate or severe malnutrition
together with deterioration of electrolyte levels
and are at risk of refeeding syndrome with severe
hypophosphatemia with life threatening complications.
Well known, that all these lead to complicated weaning
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from mechanical ventilation. However, there is a little
knowledge about impact of hypophosphatemia and
low level of magnesium on long term outcomes in
children on mechanical ventilation (MV).

The aim of this study was to investigate the
prevalence of hypophosphatemia and low level of
magnesium in children with acute respiratory failure.
The study hypothesis was that the duration of stay
in the intensive care unit in children depend on the
degree of electrolyte disorders.

METHODS
Study design and setting. We complete the
prospective  single-center  observational  cohort

study (July 2018 — July 2019) at the Department of
Anesthesiology and Intensive Care, Danylo Halytsky
Lviv National Medical University; Department of
Anesthesiology and Intensive Care, Lviv Regional
Children Hospital “OCHMATDYT”. Ethical approval
for this study (Ethical Committee N° 1—- 2018) was
provided by the Ethical Committee of Danylo Halytsky
Lviv National Medical University, Lviv, Ukraine
(Chairperson Associate Professor Iryna Havrylyshyn)
on 31 January 2018. Results described in this article
is the part of the clinical study “Diaphragm ultrasound
and trends in electrolyte disorders and transthyretin
level as a method to predict ventilation outcome
in children: the prospective observational cohort
study”; ISRCTN84734652; https://doi.org/10.1186/
ISRCTN84734652.

Participants. We examined data of 31 patients at
age 1 month — 1 year, who needed invasive mechanical
ventilation. In 4 patients we have no data of phosphorus
levelinblood. 27 patients were included in the study results
analysis (fig.1). Participant inclusion criteria: presence of
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informed consent from legal representatives of the child
to take part in trial; children aged 1 month — 1 year; acute
respiratory failure with clinical data of excessive work
of breathing, laboratory data of hypoxemia, hypercapnia
or both, acidosis which leads to need to provide invasive
mechanical ventilation. Participant exclusion criteria:
absence of informed consent from legal representatives
of the child to take part in trial at any stage of this trial;
acute or chronic respiratory failure without need to
provide invasive mechanical ventilation; congenital
heart diseases; neuromyotonia according to results of
electromyography.

Variables. The primary outcome was the time to
liberation from MV: every day from baseline the trialists
checked the possibility of weaning patients from mechanical
ventilation (its mean decreasing of parameters during
mechanical ventilation and extubation — both together) and
then take into account duration of mechanical ventilation.
Secondary outcomes were complications: reintubation,
tracheostomy, prolonged ventilation, or death (we check
for the presence of these adverse events every day from
baseline, then on day 28 of hospitalization and until the
patient is discharged from the hospital).

Data  sources/measurement. Levels  of
phosphorus and magnesium were obtained and
measured spectrofotometrically in blood test samples
on 1st, 3rd, S5th and then every five days during MV.

Bias. We entirely try to avoid any type of bias
which can occur in the planning, data collection,
analysis, and publication phases of research.

Study size. We calculated that to achieve 90%
power we needed 25 patients.

Quantitative variables and statistical methods.
Statistical Package for the Social Sciences was used
and the results were presented using median [IQR]

Table 1. Demographic and clinical characteristics of study population

Variable No. (n=27) % (100.0)
Age (m) MeanzSD (Mediana) 8.2+1.5 (4)
Range 3-12
Sex male 15
female 12
Mean+SD 6.8+4.2
Weight (kg) can
Range 2.4-10.8
Mean+SD 70.1+12.
Length (cm) eantS 0 8
Range 52-84.5
Mean+SD 12,842
BMI (kg/m?) eantS 8125
Range 7.2-18.8
Admission diagnosis
Acute heart failure 1 3.7%
Sepsis 4 14.8%
Septic shock 5 18.5%
Malnutrition 14 51,9%
Encephalopathy 4 14.8%
Pneumonia 23 85.2%
Acute obstructive bronchitis/bronchiolitis/asthma 2 7.4%
Bronchopulmonary dysplasia 2 7.4%
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Fig. 1. A flow chart showing criteria of patients’ selection and follow up through the study.

for non-normally distributed variables and as Mean
+ SD for normally distributed continuous variables,
adjusted hazard ratio (HR), duration ratio and odds
ratio (OR).

RESULTS

The flow of participants through the study is shown
in Figure 1.

We examined 31 patients who were mechanically
ventilated and excluded from study group 4 patients
due to the fact that they had no obtained phosphorus
level at admission. 27 patients underwent weaning
and were included in the study result analysis and all
of them had two or more phosphorus and magnesium
level measurement. 21 patients were weaned
from mechanical ventilation and 6 patients failed
extubation: 3 need non-invasive positive pressure
ventilation (NPPV) and 3 were reintubated. During
the study period 26 patients of the studied group had
been discharged and 1 patient died.

The demographic characteristics of the patients are
shown in Table 1.

SD - STANDARD DEVIATION.

The average follow-up time was 17.442.1 day and
total amount was 2 weeks after discharge from PICU.
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100% of patients at day 1st had severe
hypophosphatemia (0.11 (0.18 to 0.06) mmol I-1).
The level of phosphorus (figure 2) increased up to
0.68 (0.57 to 0.92) mmol I-1 by median day 5 (IQR
5-10) and then to 0.76 (0.72 to 0.86) mmol I-1 at day
10th and to 0.79 (0.7 to 1.12) on day 15th.

Presence of hypophosphatemia was associated
with prolonged ICU admission (duration ratio 1.45,
95%CI1.15t02.25), and a higherrisk of complications
(OR 1.72, 95%CI 1.15 to 2.52).

At admission, the incidence of low level of
magnesium was 44% (n=12) and incidence of
normomagnesemia was 56% (n=15). While on third
day the incidence of normophosphatemia was 78%
(n=21) and on fifth day it was 96% (n=26), (fig. 3,
4). After 5th day all patients had normal level of
magnesium. Changes of magnesium level in those
patients (n=15), who were normomagnesemic at
admission, had no significant changes during course
of treatment and was 1.08+0.12 mmol 1-1 at 1st day,
1.0140,18 mmol I-1 at 3rd day and 0.94+0.07 mmol I-1;
0.8940.09 mmol 1-1 and 0.96+0.03 at days Sth, 10th,
15th.

There were no significant risks of complications
due to deteriorations of magnesium level. However,
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Fig.2. The dynamics of phosphorus level in mechanically ventilated patients (n=27).
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Fig. 3. The prevalence of hypomagnesemia in mechanically ventilated patients (n=27).

the start of weaning from mechanical ventilation
was prolonged in case of hypomagnesemia until the
deteriorations were corrected. On the other hand, there
are not available phosphorus-containing parenteral
medication in Ukraine, therefore these changes in
blood could not be fully corrected.

DISCUSSION

We set out to determine the prevalence of
hypophosphatemia and low level of magnesium in
children with acute respiratory failure and some
limitation could be sporadic use of loop diuretics to
achieve negative water balance or perioperative time
without meal in children who need bronchoscopy

or other surgery. However, analysis the dynamic of
magnesium and phosphorus level according to the
stages of the study give objective data to improve
the sensitivity of estimation of this data. These
findings were in agreement with a number of previous
studies 1,2,3,5 that show that magnesium deficiency
commonly occurs in critical illnesses and correlates
with higher mortality rate and worse clinical outcome
in the intensive care unit patients.

In addition, in our research we find out that
hypomagnesemia occurs in 44% at admission and was
easily corrected by the 10th day of PICU treatment.
It seems, that factors which might lead to magnesium
level deterioration in mechanically ventilated patients
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Fig.4. The dynamics of magnesium level in mechanically ventilated patients with hypomagnesemia at admission (n=12).

were loop diuretics administration and eating processed
food by breastfeeding women 2,4. Other researchers
found different hypomagnesaemia incidence, from
20% to 65% without significant relationship between
magnesium levels and the number of days on
mechanical ventilation or length of ICU stay 1.

Furthermore, the main mechanisms which lead
to magnesium level deteriorations are proton pump
inhibitors, especially after long-term use. Impaired
intestinal magnesium absorption, rather than renal
absorption, seems to mediate the effect of proton
pump inhibitors. Potential mediators include increased
intestinal magnesium secretion, decreased active
transcellular magnesium absorption, or decreased
paracellular magnesium absorption 3.

In our study we find out that there was no
confirmation of significant risks of complications
due to low magnesium level, however the start of
weaning from mechanical ventilation usually was
after correction of hypomagnesemia. Associated
electrolyte abnormalities in our hypomagnesemic
patients were hypophosphatemia which occurs in all
of them (100%).

all our patients (100%) at 1st day of treatment
had severe hypophosphatemia. During course of
treatment phosphorus level increased, however could
not reach normal values until discharge from PICU.
We received similar results with other researchers 6,7,
that the presence of hypophosphatemia was associated
with prolonged PICU admission and a higher risk
of complications. However, there are difficulties in
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supplementation of phosphorus-containing parenteral
medication in Ukraine. Therefore, this changes of
phosphorus in blood could not be fully corrected
at all. The only nutrition (enteral or “three-in-one
formula” for parenteral feeding) might be the sources
of phosphorus for our patients nowadays.

We suggest that in the future we will use the program
with obligatory taking into account trends in electrolytes
level to predict readiness time for weaning from
mechanical ventilation readiness in critically ill children.

In summary, the presence of hypophosphatemia
is associated with prolonged PICU admission and a
higher risk of complications.

Conclusion. The prevalence of hypophosphatemia
at Istday after admission was 100% and the prevalence
of hypomagnesemia was 44%. The presence of
hypophosphatemia was associated with prolonged
PICU admission and a higher risk of complications.
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MOPYLLEHHS ®OC®OPY | MATHIKO Y KPUTUYHO XBOPUX OITEN HA MEXAHIYHIN BEHTUNALIT NNEFEHb:
MPOCMNEKTUBHE KOrOPTHE OBCEPBALIVNHE AOCIOXXEHHA

JIbBIBCEKU HaLlIOHaTIbHA MEANHHNI YHIBEPCUTET iMeHI LaHvna [anmLbKoro

Bceryn. MopyLueHHs piBHa hocdopy Ta MarHito B CMPOBATL KPOBi € YaCTVMM MOPYLUEHHAMM Y MauieHTIB BiAAiNeHb iHTEHCMBHOI Tepanil
ons giten.

MerToto po6oTu Oyno BMBYATK MOLUMPEHICTb rinodocdaremii Ta rinomarHesemii y Aitell 3 rocTPO AMXabHOK HEAOCTaTHICTIO.
Po6oua rinotesa: TpmBanicTb LUTY4YHOI BEHTUNIALT NereHb Ta TpuBanicTb nepebyBaHHs Ha NiKyBaHHI y BifAineHHi iHTeHcrBHOI Tepanii
ANs [iTei 3anexarb Bif, HAABHOCTI €NEKTPOSTITHVX NOPYLUEHb.

Martepianu Ta meTogm gocnipkeHHs. [ocniokeHHs NpoBOAMNOCS Ha KNiHiYHIl 6a3i kadenpw aHecTeaionorii Ta iHTeHCUBHOI Tepanii
J1bBIBCBKOrO HaLliOHaNBHOrO MEQUYHOro YHiBepcuteTy iMeHi [aHuna lanuubkoro y BigaineHHi aHecTesionorii Ta iHTeHCMBHOI Tepanii
JTbBiBCbKOT 06nacHoi kniHibHOT nikapHi “OXMATOUT” 3 nunHa 2018 poky no nuneHs 2019 poky.

MauieHtun. Oitn Big 1 mic 4o 1 poky, Lo noTpebyBany NPOBeAeHHS iIHBA3MBHOI LUTYYHOI BEHTUASALT NereHb.

IHTepBeHLiji. PiBeHb hocdopy Ta marHito BumiptoBanu Ha 1-wy, 3-Tio, 5-Ty o6y Ta Hagani Wwo 5 Aié BNpofoBXX NPOBEAEHHS LUTYYHOT
BEHTUNSALT NereHb.

OCHOBHi TOYKM OLiHIOBaHHS. [TepBUHHOIO TOYKOIO OLiHIOBaHHS ByB 4Yac BigJlyYeHHs Bif LUTYYHOI BEHTUAALI IereHb, BTOPUHHUMMN
TOYKaMu Bynn yCKNagHeHHs: peiHTybaLis, TpaxeoCToMisl, MPOSIOHrOBaHa LUTy4YHa BEHTUNALISA NereHb, CMepTh NaujieHTa.
Pesynbratn. Hamu BctaHoBneHo wo y 100% nauieHTiB Npy HagxompKeHHi Ha nikyBaHHs 6yna Tskka rinogocdaremis a'y 44% —
3HVDKEHHST PIBHSI MarHito B cupoBartyi KpoBi. inomarniemito 6yno ckoperosaHo oo 10 gobw nikyBaHHS nauieHTiB, TOAI SK piBEHb
docdopy He BAasanocs HopmManidysaTy A0 NepeBefeHHs nauieHTa i3 BigaineHHs iHTeHcrBHOI Tepanii. HasBHICTb rinodocdaTemii
6yna acouinoBaHoto 3i 30iNbLUEHHAM TPUBANOCTI NiKyBaHHA NalieHTa y BiAAineHHi iHTeHcmBHOI Tepanii Ans giten (duration ratio 1.45,
95% CI 1.15 go 2.25) Ta 3 BULLMM PU3NKOM BUHUKHEHHS ycknagHeHb (OR 1.72, 95% CI 1.15 go 2.52).

BucHoBok. HasBsHicTb rinococdaremil'y fiteln 3 rocTpoto AnXanbHOK HeAOCTATHICTIO, LLIO NOTpebyBany NPOBEAEHHS LUTYYHOI BEHTUNALLT
nereHb, 6yna nos’sa3aHa 3 JOBLLOK TPVUBASICTIO NIKyBaHHS Y BigdineHHi iHTEHCMBHOI Tepanii Ta BULLIOK HYacTOTO YCKIaaHEHb.
Peectpauis kniHiyHoro gocnigpxeHHs: ISRCTN registry. Identifier: ISRCTN84734652.

KntovoBi cnosa: gitu, WTy4YHa BEHTUNALISA fereHb, rinogocdaremis, rinoMarHiemis.

®USIbIK O.B., MNATMPHBINA .M.

HAPYLLIEHVUE ®OC®OPA U MATHUSA Y KPUTUYECKU BOJbHbIX AETEN HA MEXAHUYECKOW BEHTUNA-
LN NErKNUX: NPOCMNEKTUBHOE KOMOPTHOE O6ECEPBALIMOHHOE NCCJIEAOBAHUE

JIbBOBCKI HALMOHATTBHBIVI MELAVLIMHCKUA YHUBEPCUTET uMmeHu HaHumnaa [anvikoro, JIbBos, YkpavHa

BBep,eHme. MameHeHus YPOBHSA cbocd)opa N MarHusi B CbIBOPOTKE KPOBU ABJIAKOTCSA YaCTbIMU HApPYyLLEHUAMW Yy NauneHToB OT,D,eI'IeHI/IVI NHTEH-
CUBHOW Tepanuu gnsa geTen.

Llenbto paboTbl 66110 N34T PACMPOCTPAHEHHOCTL rMnodoctharemMyn 1 rmnoMarHe3emnn y AeTelt ¢ OCTPON AblXaTenbHOM HepocTa-
TOYHOCTbIO.

Pa6ou4as runotesa: Nnpofo/mKNTENIbHOCTb MCKYCCTBEHHOWN BEHTUMALMMN IEMKNX U OANTENBHOCTb NPebbIBaHUSA Ha NIeYeHn B OTAeNe-
HVN HTEHCWBHOW Tepanun Ans feTei 3aBUCSAT OT HaNIMYNS NEKTPOSIUTHBIX HAPYLLEHWIA.

Matepuanbl n metogbl nccnepgoBanus. lccnegoBaHve NpoBOUIOCE Ha KIIMHMYECKON 6a3e Kadenpbl aHECTE3NONIOMN N UHTEH-
CVBHOI Tepanuun JIbBOBCKOro HauMoHaNbHOr0 MEQULIMHCKOrO yHUBepcuTeTa nMeHn [daHuna fanvuukoro B OTAENEeHUN aHeCTe3no-
JIOTM N HTEHCUBHON Tepanun JIbBOBCKOWM 061acTHOM KnnHudeckor 6onbHuupl “OXMATLET” ¢ utonsa 2018 no nonb 2019 roga.
MauuenTsl. detn ot 1 Mec fo 1 roga, TpeboBaBLUX NPOBELEHNS MHBA3UBHOW NCKYCCTBEHHOW BEHTUNALMN NETrKKX.

NHTepBeHuun. YpoBeHb hoctopa n marHus namepsny Ha 1-e, 3-e, 5-e cyTku 1 B fanbHelem Kaxkable 5 CyTOK B Te4eHue npose-
[OEHNS UCKYCCTBEHHOWN BEHTUNALMN NETKUX.

OCHOBHbIE TOYKN OLEHUBaHUS. [1epBUYHON TOYKOW OLIEHKM OblfIo BPEMS OT/IYHEHUS OT UCKYCCTBEHHON BEHTUNSALMN NIETKNX, BTO-
PUYHBIMU TOYKaMK ObINN OCNOXHEHWSA: PEUHTY6aLUWs, TPaxeoCTOMUS, NPOSIOHMMPOBaHHAsA UCKYCCTBEHHAA BEHTUNALUUS NErkux,
CMepTb NnaumeHTa.

Pesynbrathl. Hamu yctaHoBneHo, 4to y 100% nauneHTOB Mpu MOCTYMNeHUN Ha NedveHne Obina Tskenas runodocdaremust a 'y
44% — CHUXEHNE YPOBHSA MarHusi B CbIBOPOTKE KPOBU. [MNoMarHnemuto 6110 CKOppekTMpoBaHo Ao 10 CyToK neyveHus , Torga Kak
ypoBeHb hocopa He yaaBanocb HOpManM3oBaTb K NepeBody NnauyeHTa U3 oTAeNeHNs MHTEHCUBHOW Tepanuu. Hanndve runo-
docharemun 66110 aCCOLUMPOBAHO C YBEIMYEHNEM MPOLOHKUTENIbHOCTY NIeYEHNsI B OTAENEHNN NHTEHCVBHOWN Tepanun onsi peten
(duration ratio 1.45, 95% CIl 1.15 go 2.25) 1 ¢ BbICOKMM PUCKOM BO3HMKHOBEHNS ocnioxxHeHui (OR 1.72, 95% CI 1.15 go 2.52).
BeiBogbl. Hannune runodocdgaremun y geTen ¢ OCTPON AbIXaTenbHOW HeAOCTaTOHHOCTbLIO, TPEOYIOLLIME NPOBEAEHNS NCKYCCTBEH-
HOW BEHTUAALMMN NErKrX, 6bI10 CBA3aHO C NMPOAOKUTENBHBIM JIEHEHNEM B OTAENEHNN MHTEHCUBHOW TEpanvmn 1 BbICOKOW 4YacTOTOl
OCNIOXXHEHUIA.

Perunctpauus knuHnyeckoro uccneposanus: ISRCTN registry. Identifier: ISRCTN84734652.

KntoueBble cnoBa: 0eTy, UICKYCCTBEHHAs BEHTUNALMS NEerknx, runogocdaremus, rmnomMarHuemMums.
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