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Abstract

Background: Hypophosphatemia is a metabolic disturbance with potentially serious complications and
is often unrecognized in critically ill children. Symptoms of hypophosphatemia are unspecific in the
majority of cases and include fatigue and irritability, severe hypophosphatemia (less than 1.0 mg/dl)
may lead to more serious problemssuch as reduced diaphragmatic contractility and cardiac arrhythmias.
Aim of the Study: Estimate the incidence of hypophosphatemia in critically ill children, study its
clinical effects and risk factors in patients during their stay in PICU.

Patients and Methods:A case-control study that was conducted over a period of one year, from June
2018 to May 2019, at PICU of Pediatrics Department, Zagazig University Hospitals.The study included
180 subjects that were classified into two groups, each of 90 subjects as follows;patients group, which
included 90 cases,and the control group, which included 90 healthy infants and children.

Results:There was a statistically significant difference between the studied groups regarding weight,
height percentile, ESR and CRP, hemoglobin level, TLC, PT, INR, alkaline phosphatase a serum,
serum creatinine, PH, serum phosphorus level, presence of hypophosphatemia as 20% had
hypophosphatemia, number of patients with hypophosphatemia, percent change in serum phosphorus,
percent change in serum potassium, degree of hypophosphatemia and either duration of hospital stays
and duration of MV.

Conclusion: The apparent acceptable cause of hypophosphatemia in our study is delayed TPN decision
and sepsis. Mild to moderate hypophosphatemia developed in PICU. Hypophosphatemia was associated
with prolongation of the duration of PICU stay and bad outcomes.
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1. Introduction

Hypophosphatemia is a metabolic disturbance with potentially serious complications and is often
unrecognized in critically ill children "Phosphate ions are critical for bone mineralization and play a vital
role in a number of other biological processes such as signal transudation, nucleotide metabolism,
adenosine triphosphate (ATP) production, and enzyme regulation'?’,

Symptoms of hypophosphatemia are unspecific in the majority of cases and include fatigue and irritability,
severe hypophosphatemia (less than 1.0 mg/dl) may lead to more serious problemssuch as reduced
diaphragmatic contractility, cardiac arrhythmias, myocardial reduction, and severe congestive cardiac
insufficiency in the postoperative period of cardiac surgery ™', leukocyte dysfunction and neuromuscular
disturbance '

Potential risk factors for the development of hypophosphatemia in critically ill children include
malnutrition, starvation for more than 3days, sepsis ", catecholamine's administration, antacids, B2 agonist
administration, trauma, diuretic, steroid therapy 6] excessive parenteral glucose administration and
respiratory alkalosis'”,

2. Patients and Methods:

2.1. Study design:

This study was a case-control study that was conducted over a period of one year, from June 2018 to
May 2019, at PICU of Pediatrics Department, Zagazig University Hospitals.

2.2. Study Subjects:
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The study included 180 subjects that were classified into two groups, each of 90 subjects as follows:
A. Patients group: included 90 cases who attended the PICU Pediatrics department faculty of
Medicine Zagazig University.
B. Control group: included 90 healthy infants and children.
2.2.1. Inclusion criteria:
Both genders are included, age above one month and below 18 years, Presentation with critically
illness and ICU admission, and PICU admission more than seven days.

2.2.2. Exclusion criteria
Malnutritioned patients presented with chronic diseases such as renal, hepatic, and cardiac diseases,
diabetic ketoacidosis, acute renal failure, hemodynamic instability, patients outside age group,
oncology cases and starved patients, and those who stayed less than seven days and patients who
refused to be enrolled in this study.
2.2.3. Patients consent
Written informed consent was obtained from all patients or their parents before inclusion in the study
after describing and explaining the whole study design. Moreover, the study was approved by the local
ethical committee.
2.3. Methodology:
All patients were subjected to the following:

a- Full history taking:

® Present history; for critical illness, history of using medication especially which has a
significant effect on phosphorus level(catecholamines, antacids, steroids, and diuretics.

®  Past history of previous admission, chronic illness, drug intake and operation.

®  Family history: similar condition, consanguinity and socioeconomic state.
b- Full general examination:

® Includes weight for age and height for age, vital signs and appearance, activity
c- Complete local examination:

® Cardiovascular system, central nervous system, musculoskeletal system, respiratory system
and abdominal examination.
d- Investigation:

® Routine laboratory investigations include:

® Liver function tests (serum albumin, aspartate transaminase (AST), alanine transaminase
(ALT) and alkaline phosphatase), kidney function tests (serum creatinine, blood urea nitrogen)
and random blood sugar (RBS) (Cobas 8000, Roche diagnostics).

® Complete blood count (CBC) measured by (Sysmex XN 2000, SIEMENS).

® (- reactive protein (CRP) (Cobas 8000, Roche diagnostics) and erythrocyte sedimentation
rate.

® Bleeding profile (prothrombin time(PT), international normalized ratio(INR) measured by
(CA 1500 Sysmex).

Serum electrolytes and minerals level (potassium, sodium, calcium, phosphorus, and magnesium)
(Cobas 8000, Roche diagnostics). Patients were classified according to serum phosphorus level into
normal phosphorus level 2.5-4.5 mg/dl, mild hypophosphatemia with serum phosphorus 2-2.5 mg/dl,
moderate hypophosphatemia 1-2 mg/dl and sever hypophosphatemia <1 mg/dl)
2.3.1. Statistical Analysis
Data analysis was performed using the software SPSS (Statistical Package for the Social Sciences)
version 20. Quantitative variables were described using their means and standard deviations.
Categorical variables were described using their absolute frequencies and were compared using the
Chi-square test and Fisher exact test when appropriate. Kolmogorov-Smirnov (distribution-type) and
Levene (homogeneity of variances) tests were used to verify assumptions for use in parametric tests.
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Mann Whitney test (used with non-normally distributed data) was used to compare medians of two
groups, and an independent sample t-test (used with normally distributed data) was used to compare the
means of two groups. To compare medians of more than two groups over time, Kruskal Wallis test was
used. To compare the change in parametric data within one group before and after, paired-sample t-test
is used. To compare change in non-parametric data within one group before and after, Wilcoxon
signed-rank test is used. Spearman rank correlation coefficient was used to assess the strength and
direction of a linear relationship between two variables. The levelof statistical significance was set at
5% (P<0.05). A highly significant difference was present if p<0.001.

3. Results:

Table (1): Correlation between the studied groups regarding demographic and anthropometric
characteristics:

Groups Test
Anthropometric measures  Patient group Control group 7/t
N=90 (%) N=90 (%) P
BMI (kg/m?):
Mean + SD 15.38+1.65 15.24+1.64 t(0.604)  0.547
Median (Range) 14.88(12.86-21.63) 14.87(12.86-21.63)
Demographic Gr(fups Test
characteristics Patient group Control group Xz It p
N=90 (%) N=90 (%)
Weight percentiles
5-10™" 6 (6.6%) 0 (0.0%)
10-25" 5(5.5%) 12 (13.3%)
25-50" 20 (22.2%) 26 (28.8%) 16.3 0.006"
50-75" 45 (50%) 28 (31.3%)
75-90™ 12 (13.3%) 20 (22.2%)
90-97™ 2 (2.2%) 4 (4.4%)
Height percentiles
5-10" 10 (11.1%) 0 (0.0%)
10-25" 5(5.5%) 5(5.5%)
25-50" 15 (16.6%) 28 (31.3%) 25.5 <0.001
50-75" 23 (25.5%) 39 (43.3%)
75-90" 31 (34.4%) 13 (14.4%)
90-97" 6 (6.7%) 5(5.5%)
Gender:
Male 49 (54.4) 46 (51.1) 0.201 0.654
Female 41 (45.6) 44 (48.9)
Age (years): ,
Mean + SD 373+353 348335 0406 083
Range 3 (3 month — 11yrs) 3 (3 month — 13yrs)

»* Chi-square test t Independent sample t-test Z Mann Whitney test

Table 1 demonstrates that there was a statistically non-significant difference between the studied
groups regarding age or gender.

There was a statistically significant difference between the studied groups regarding weight, height
percentile.
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Table (2): Correlation between the studied groups regarding blood picture, ESR, and CRP on
admission and after seven days of hospital stay:

Groups Test
Acute phase Patients group Control group
reactants Mean + SD Median Mean + SD Median y/ P
(Range) (Range)
ESR on
admission 29.98+9.47 32(14-46) 6.84+1.96 7(3-12) 11.6 <0.001%**
(mm/hour)
ESR after 7 days
19.73+6.89 20(2-35
(mm/hour) ( )
P (Wx) <0.00 1#*
CRP admission 3(1-
16.03 + 26.51 2.02 +0. 2(1- 1 <0.001%**
(me/dl) 6.03 £26.5 89.7) 02 +0.553 1-3) 5.103 0.00
CRP after7 days 3(1-
16.13 £26.51
(mg/dl) 6.13£265 85.5)
P (Wx) 0.823
Groups Test
CBC Patients group Control group ¢
Mean + SD Range Mean + SD Range P
Hemoglobin on 1039 0.9 9-11.9 1412+128  11.6-166  22.665 <0.001 %
admission (g/dl)
Hemoglobin after
1043 +1.14 3-12.
7 days (g/dl) 043 83 ?
P (paired t) 0.593
TLC on
admission 6.53 +1.88 2.1-6.9 443 +1.39 3.5-95 8.524 <0.001%**
(x10%Ml)
TLC after7 days
6.74 £ 1.78 2.1-82
(x10°/ul)
P (paired t) 0.397

**p<0.001 is statistically highly significant t Independent sample
t-test Wx Wilcoxon signed-rank test Z Mann Whitney test

Table 2clarifies that there was a statistically significant difference between the studied groups
regarding ESR and CRP on admission. In the patients' group, there was a significant decrease in ESR
after 7days, while there was a non-significant change in CRP after seven days.

There was a statistically significant difference between the studied groups regarding hemoglobin level
and TLC on admission. There was a non-significant change in hemoglobin level or TLC in the patients'
group after seven days.

Table (3): Comparison between the studied groups regarding liver function tests and bleeding profile
on admission and after seven days of hospital stay:

Groups Test
Bleeding Patients group Control group
fil t
profre Mean + SD Range Mean + SD Range P
PT on admission (sec.) 154 £2.52 11-19.9 12.228 £ 0.678 11-13.5 11.564 <0.001%*%*
PT after 7 days (sec.) 15.35+£2.64 10.8 —21

465



P (paired t)

Journal of Cardiovascular Disease Research

ISSN:0975-3583,0976-2833 VOL12,ISSUE05,2021

P (paired t) 0.544
INR on admission 1.24£0.24 0.8-1.7 0.95 £ 0.09 0.8-1.1 10.448
INR after 7 days 1.24 £0.27 0.7-1.8
P (paired t) 0.899
Liver function Gr?uP > Test
tests Patients group Control group /7

Mean + SD Range Mean + SD Range
RBS on admission (mg/dl) 118.59 £10.53 100 — 140 106.24 +19.48 80— 140 5.29
RBS after 7 days (mg/dl) 116.24 £21.35 73 - 152

0.073
AST on admission (u/1) 25.73 + 8.86 11-40 23.98 + 8.43 10 -40 1.361
AST after 7 days (u/l) 25.51 +8.81 10 —43
P (paired t) 0.195
ALT on admission (u\l) 29.73 £ 14.69 7-56 31.57+15.24 7-56 0.822
ALT after 7 days (u/1) 29.98 + 15.05 7-59
Albumin on admission 342 £0.56 2.1-43 3.98 £0.56 25-45 6.708
(g/d)
Albumin after7 days (g/dl) 3.09 +£0.59 1.8-4.1

<0.001%**
P (paired t) 0.264
Alkaline phosphatase 205.5 88.5 Z
on admission (u/l) 192.88 £93.02 (44-349) 9093 £31.23 (40 — 147) 7.224)
Alkaline phosphatase 101
after7 days (u/1) 100.56 % 35.24 (44 - 201)
P (WX) <0.001%*

<0.001**

p

<0.001%*

0.175

0.412

<0.001%**

<0.001%*%*

**p<0.001 is statistically highly significant t Independent sample t-test significant Z Mann
Whitney test Wx Wilcoxon signed-rank test significant RBS random blood sugar

Table 3 shows that there was a statistically significant difference between the studied groups regarding
PT and INR on admission. In the patients' group, there was a non-significant change in PT or INR after
seven days.

There was a statistically significant difference between the studied groups regarding alkaline
phosphatase and serum albumin on admission. While, there was a non-significant difference between
them regarding liver enzymes (AST, ALT) on admission.

In the Patients group, there was a significant change in alkaline phosphatase and serum albumin after
7days, while there was a non-significant change in liver enzymes (ALT or AST) after seven days.
There was a statistically significant difference between the studied groups regarding RBS on
admission. In the Patients group, there was a non-significant change in RBS after seven days.

patients group

Serum albumin (g/dL)

-

On admission After 7 days

Fig. (1):Multiple line graph showing serum albumin on admission and after 7 days among the patients
groups.
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Fig. (2): Multiple line graph showing serum phosphorus levels in patients group on admission and after

7 days.

Table (4): Correlation between the studied groups regarding phosphorus level on admission and after 7

days of hospital stay:

Groups
Phosphorus Case group Control group
Mean + SD Range Mean + SD Range P
On admission 2.62+0.115 241-2.38 3.415+£0.577 291 -4.54 <0.001%**
After 7days 2.027 £0.299 1.51-2.49
P (paired t) <0.001**

**%p<0.001 is statistically highly significant t Independent sample t-test

Table 4 shows that there was a statistically significant difference between the studied groups regarding
serum phosphorus level on admission. In the patients' group, there was a significant decrease in serum

phosphorus level after seven days.

Table (5): Grading of the studied groups regarding presence of hypophosphatemia:

Groups Test
Serum phosphorus Patients group Control group ,

N (%) N (%) g P
On admission:
Mild hypo 18 (20%) 0 (0%) Fisher <0.001%*
Normal 72 (80%) 90 (100%)
After 7 days
Moderate Hypo 42 (46.7%)

143.73 <0.001%**

Mild hypo 48 (53.3%)
Normal 0 (0%)
p <0.001%**

**p<0.001 is statistically highly significant

On admission After 7 days
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Table Sconfirmsa significant difference in the patients' group regarding the presence of
hypophosphatemia as 20% had hypophosphatemia on admission, and all patients had
hypophosphatemia after 7 days. None of the control groups had hypophosphatemia.

There was a statistically significant increase in the number of patients with hypophosphatemia among
the Patients group on admission and after seven days.

Table (6): Relation between percent change in serum phosphorus and gender:

Mean + SD Median (range) V/ p
Gender:
Male 22.05+12.89 23.05(1.63-44.89) 0.304 0.761
Female 22.91+11.73 22.22(4.96-42.44 )

KW Kruskal Wallis test Z Mann Whitney test
Table 6 shows that there was a statistically non-significant difference between percent change in serum
phosphorus and gender p=0.761.

Table (7): Correlation between percent change in serum phosphorus and both percent change in blood
electrolytes, minerals, and alkaline phosphatase in the studied patients:

Percent change in serum phosphorus

Percent change in

R p
Calcium 0.047 0.658
Sodium -0.05 0.637
Potassium -0.208 0.049*
Alkaline phosphatase -0.164 0.123
r Spearman correlation coefficient p>0.05 is statistically non-significant
Table 7 shows a statistically significant negative correlation between percent change in serum
phosphorus and percent change in serum potassium. There was a statistically non-significant
correlation between percent change in serum phosphorus and percent change in either sodium, calcium
or alkaline phosphatase.
Table (8): Relation between hypophosphatemia and CRP on admission and after7 days of hospital
stay:
Hypophosphatemia Test
CRP Mild Moderate .
Median (range) Median (range) P
On admission 2.6 (1.1 -86.6) 3.5(1-89.7) -1.711 0.087
After 7 days 2.4 (1-85.5) 3.5(1-85.5) -1.639 0.101
Z Mann Whitney test

Table 8demonstrates that there was no statistically significant difference between percent change in
serum phosphorus and CRP.
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Table (9): Relation between hypophosphatemia and both duration of hospital stays and duration of
mechanical ventilation:

Hypophosphatemia Test
Mild Moderate
Parameter ¢
N=48 N=42 P
Duration of Hospital stay:
Mean + SD 10.458 £2.625 10.381 £ 2.4909 0145 0885
Duration of MV:
Mean + SD 0.101 0.92
6.9 £2.628 6.83 +3.425

t Independent sample t-test
Table 9 shows that there was non-significant relation between the degree of hypophosphatemia and

either duration of hospital stays and duration of MV.

Table (10): linear regression of potassium variables associated with percent change in serum
phosphorus among the studied patients:

Unstandardized Standardized
Coefficients Coefficients ¢ p
B SE B
Percent change in serum potassium -0.469 0.232 -0.21 2.018 0.047*

SE standard error

Table 10 clarifies that Percent change in serum potassium is significantly associated with the percent
change in serum phosphorus (unstandardized f=- 0.469, p<0.05).

Table (11): Relation between hypophosphatemia and normal cases of patients group on
admission regarding the duration of hospital stay and duration of mechanical ventilation:
Test
Hypophosphatemia Normo-phosphatemia
Parameter
t p
N=18 N=72
Hospital stay:
Mean + SD 14.58 £ 2.625 9.81+2.19 7.92 <0.001
Range 10-20 815
MYV days:
Mean = SD 10.9 £2.28 5.83+1.25 12.8 <0.001
range 9-13 6-38

t Independent sample t-test

Table 11 shows that there was a highly significant relationship between the degree of
hypophosphatemia and either duration of hospital stays and duration of MV.

Table (12): Relation between hypophosphatemia and normal cases of patients
group regarding drugs used in PICU:

Parameter

Hypophosphatemia Normo-phosphatemia Test
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N=18 N=72 p
Outcome:
Discharged (n=69) N (%) N (%)
Expired (n=21) 2(11.1%) 67 (93.1%) FET <0.001
16 (88.9%) 5 (6.9%)

There was a highly significant relationship between the degree of hypophosphatemia and the bad
outcome of patients.

** P.value <0.001 is highly significant

Table 12displaysa statistically significant relation between hypophosphatemia and drugs used for
treatment in PICU, as most of the patients received furosemide (90%), dopamine (77.8%), and steroid
(88.8%).

4. Discussion

Hypophosphatemia is a metabolic disturbance with potentially serious complications and is often
unrecognized in critically ill children ™,

Phosphate is a constituent of various intermediate compounds involved in key physiological processes

such as adenosine triphosphate, 2,3 diphosphoglycerate, and intracellular chemical messengers (e.g.,
cyclical adenosine monophosphate, cyclical guanosine monophosphate). Electrolyte disorders
frequently develop in critically ill patients during the course oftheir stay in PICU. Phosphate
disturbance is one of those frequently encountered electrolyte disorders. These are at increased risk of
morbidity. Hypophosphatemia is a metabolic disturbance with potential serious complications and is
often unrecognized in critically ill children (CIC) ™.

Symptoms of hypophosphatemia is unspecific in the majority of cases and include fatigue and
irritability, severe hypophosphatemia (less than 1.0 mg/dl) may lead to more serious problemssuch as
reduced diaphragmatic contractility, cardiac arrhythmias, myocardial reduction, and severe congestive
cardiac insufficiency in the postoperative period of cardiac surgery .,

Our study aimed to estimate the prevalence of hypophosphatemia and identify risk factors and
outcomes associated with this disturbance in children admitted to our PICU, Pediatrics Department,
Faculty of Medicine, Zagazig University.

In this case-control study, hypophosphatemia was common in critically ill children. The prevalence of
hypophosphatemia among critically ill children admitted to PICU was 20%, as we detect 18 patients out
of 90 CIC on admission. By follow-up of patients group after sevendays, we found that all patients
developed hypophosphatemia, the prevalence of mild hypophosphatemia was 53.3% (48 patients out of
90 CIC) and prevalence of moderate hypophosphatemia was 46.7% (42 patients out of 90 CIC). Our
prevalence was higher than De Menezes et al. (2006) *'as they found that76 %(32 of the 42children)
reported in a retrospective study conducted in CIChad hypophosphatemia, also Shah et al., (2016)

P Found that the prevalence of hypophosphatemia was 71.6 % in the first ten days of admission;
however, Berndt et al. (2005) ! found that the prevalence of hypophosphatemia exceeded 50% in their
study, and Rady and Khalek Mohamed (2014) " found that prevalence of hypophosphatemia on day 1
was 58% (n=42/72).

Seven percent of the patients (n=5) developed hypophosphatemia during their PICU stay, and 12.5%
(n=9) of children who were hypophosphatemic at day 1 remained hypophosphatemic at day 7, while 8%
(n=6) recovered from hypophosphatemia with treatment. The apparent acceptable cause of developing all
patients group of our study hypophosphatemia after seven days was increased reliance on total parenteral
nutrition as all patient was on parenteral nutrition for at least seven days also sepsis had a role.

In a review of clinical studies done on hypophosphatemia in a pediatric intensive care unit (PICU)
patients, Landenperg and Shoenfeld (2001) ©*' explain the development of hypophosphatemia, saying
thatpotential risk factors for the development of hypophosphatemia in critically ill children include
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malnutrition, starvation for more than 3days, sepsis. Also,Rady and Khalek Mohamed (2014) "

revealed that hypophosphatemia was a common problem in PICU and was associated with the presence
of respiratory complaints, higher PIM, and increased starvation days. These factors might be considered
as risk factors for hypophosphatemia in critically ill children, mainly when they occur together.

In our study, we found that chest problems (pneumonia, pneumothorax, pleural effusion, and pulmonary
edema) complicated by respiratory failure account for 60% (54patients out of 90 CIC), which were the
highest percentage of the cause of admission, followed by sepsis that account for 22.3% (20 patients out
of 90 CIC) than heart failure 15.5%(14 patients out of 90 CIC) lastly head trauma 2.2%(2patients out of
90 CIC). Rady and Khalek Mohamed (2014) "' found that 56% of patients presenting with respiratory
disorders were hypophosphatemic. Similarly, Santana e Menses et al. (2009) "' found that patients
diagnosed with respiratory disease were more likely to have hypophosphatemia than other subjects.
Also,Fiaccadori et al. (1994) "found that 25% of adult patients admitted to the ICU with the chronic
obstructive pulmonary disease were found to be hypophosphatemia. Kilic et al. (2012) "explain that the
adding-on effect of hypophosphatemia to their respiratory problems might be attributed to the fact that
hypophosphatemia is known to lead to muscle weakness and hypotonia.

In our study, we found a highly significant relationship between the degree of hypophosphatemia and
duration of using mechanical ventilation as all patients admitted to PICU were mechanically ventilated
from the start for a period ranged (6 to 13 days) with a median of 8 days, so hypophosphatemia seems
to be the apparent cause of prolonged need of ventilator support and difficult early weaning, this
confirmed the results of the study done by Rady and Khalek Mohamed, (2014)""that
reportedhypophosphatemic patients were more likely ventilated and to spend more days on ventilation
than normophosphatemic patients as thirty-five percent (n=25) of all children were mechanically
ventilated. Also,El Shazly et al. (2017)[13] found an independent association between
hypophosphatemia and prolonged mechanical ventilation as most patients were hypophosphatemia
before the need for mechanical ventilation, so hypophosphatemia leads to prolonged ventilator support.
In contrast,Souza de Menezes et al. (2006) 4] found that there was no significant association between
hypophosphatemia and the use of mechanical ventilation. This might be explained by Subramanian,
and Khardori (2000) "** who suggested that hypophosphatemia causes deficiency in the intermediary
compounds for energy production, such as adenosine triphosphate and 2,3-diphosphoglycerate and
alterations in energy metabolism, which may lead to respiratory muscle weakness and consequent
worsening of respiratory insufficiency, alsoAubier et al., (1985) "%found that the difficulty of weaning
patients from mechanical ventilation is because of reduced efficiency of respiratory, muscular
contraction.

Hypophosphatemia affects the duration of PICU stay, and we found a highly significant negative
correlation between the degree of hypophosphatemia and duration of hospital stay as the duration of
hospital stay was ranged from 8 to 20 days with a median of 12 days. This agreed with Kilic et al.
(2012) "and Shah et al. (2016) ®* who reported that hypophosphatemia was associated with
prolonged PICU length of stay > 6 days). Also,El Shazly et al. (2017) ™ found that there was a highly
significant difference between the normophosphatemic group and the hypophosphatemic group
regarding PICU stay, and Rady and Khalek Mohamed (2014) ™" found that those with the normal
serum phosphorus level were discharged earlier than those with hypophosphatemia (discharged rather
than died).

Our results revealed a highly significant association between hypophosphatemia and bad outcome of
patients during the study period as 21 patients died during the study, 16 of them (88.9%) were
hypophosphatemic on admission while 93.1% who survived were normophosphatemic on admission.
This agreed with the study done by Manary et al. (1998) """ and Souza de Meneses et al. (2006) "*"
patients with normal serum phosphorus levels on admission had better outcomes (discharged rather
than died).Also,Solomon and Kirby (1990) "®! Shor et al., (2006) "* andSakhawey et al. (2015)
20lfound that the Intensive care unit mortality rate was significantly higher in patients who presented
with hypophosphatemia at ICU admission or developed hypophosphatemia on the day of ICU
admission compared with patients without hypophosphatemia.
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As regards the demographic data, this study includes 90 critically ill children, their median Age 3 years
(range 3months to 1lyears), (54.4%) of them were males and (45.6%) were females. There was
astatistically non-significant correlation between percent change in serum phosphorus and both
genderp=0.761, patients' age, and anthropometric measures. Also, the control group included 90
healthy children, their median Age 3 years (range 3months to 13years), (51.1%) of them were males,
and (48.9%) were females. There was a statistically significant difference between the studied groups
regarding weight and height percentiles. However,Basri et al. (2012) ! found that hypophosphatemia
was more common in female patients (67%) compared to male patients (33%), while Shahsavarinia et
al. (2016) ** found no significant difference in the incidence of hypophosphatemia regarding sex: in
males (54.2%) and (45.8) in females.

In the present study, CRP was statistically significantly higher on admission in the patients' group than
the control group. There was a non-significant change in CRP in the patients' group after seven days of
the PICU stay. There was a statistically non-significant negative correlation between percent change in
serum phosphorus and CRP level on admission. This agreed with Rady and Khalek Mohamed (2014)
0] whofound that CRP and positive cultures correlated significantly with hypophosphatemia.
Also,Antachopoulos et al. (2002) *foundthat studying acute infectious disease in pediatrics, not
including critically ill children, demonstrated a significant negative correlation between serum level of
phosphate and CRP. Also,Barak et al. (1998) **indicate that infections and sepsis were correlated
with hypophosphatemia.

Regarding ESR, it was statistically significantly higher in the patients' group than the control group on
admission. There was a significant decrease in ESR in the patients' group after seven days of the PICU
stay.

CBC findings showed a statistically significant difference in hemoglobin level and TLC on admission
between patients and controls, most probably due to sepsis. In the patients' group, there was a non-
significant change in hemoglobin or TLC after seven days of the PICU stay. This was explained by
Solomon and Kirby (1990) " who found that the decline in levels of 2,3-diphosphoglycerate
triggered by hypophosphatemia increases hemoglobin's affinity for oxygen, thereby causing tissue
hypoxia and leading to changes in erythrocytes and leukocyte functions, hemolytic anemia, platelet
dysfunction, and thrombocytopenia. Also,Sharma et al. (2019) **found that hypophosphatemia cause
thrombocytopenia, impaired clotting processes, and reduced leukocyte phagocytosis; hemolysis also
can occur.

Also, kidney function tests showed a statistically significant difference between the studied groups
regarding serum creatinine on admission (in the patients' group than in the control group). But there
was a statistically non-significant difference between the studied groups regarding BUN on admission.
In the patients' group, there was a non-significant change in serum creatinine or BUN over time.

The liver function tests showed a statistically significant difference between the studied groups
regarding serum albumin (lower in patients group) (3.42+0.56 vs. 3.98 + 0.56) and alkaline
phosphatase (higher in patients group) (192.88 + 93.02 vs. 90.93 + 31.23) on admission. On the other
hand, there was a non-significant difference between them in liver enzyme levels (ALT, AST) on
admission. In the patients' group, there was a significant change in alkaline phosphatase and serum
albumin over time. While, there was a non-significant change in liver enzyme levels (ALT, AST) after
seven days of PICU stay. This was explained by Foly et al. (1990) “*'demonstrate the etiology of
hypoalbuminemia in CIC, which may involve a number of mechanisms such as imbalance between
albumin synthesis and degradation, increase capillary leakage, and altered intravascular. Tissue
albumin distribution, also Horowit and Tai ,(2007) [27] found that inflammatory disorders can
accelerate catabolism of albumin while simultaneously decrease its production. Murray et al. (1988)
(28ldemonstrate thatlow serum albumin concentration correlates with the increasing length of hospital
stay in PICU and complications such as ventilator dependency.

The glycemic profile revealed a statistically significant difference between the studied groups by
monitoring the random blood sugar (RBS) on admission (higher in patients group may be due to stress
hyperglycemia). In the patients' group, there was a non-significant change in RBS over time.
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Also, the bleeding profile showed a statistically significant difference between the studied groups
regarding PT and INR on admission (higher in the patients' group than the control group but still within
normal ranges). In the patient group, there was a non-significant change in PT or INR after seven days
of the PICU stay.

Regarding blood electrolytes and minerals, there was a statistically non-significant difference between the
studied groups regarding serum sodium, potassium, or calcium on admission. In the patients' group, there
was a non-significant change in sodium or potassium; however, disturbance in phosphate homeostasis is
often linked to abnormalities in calcium and bone mineralization. Therefor in this study, in the patients'
group, serum calcium was significantly decreased after seven days than on admission (9.72+0.98 and
9.36+0.98) but still within normal ranges. Also, there was a statistically significant decrease in serum
phosphorus on admission in the patients' group than in the control group (2.62 + 0.115 and 3.915 £ 0.577).
However, there was a significant decrease in phosphorus in the patients' group over time; also, there was no
statistically significant difference among younger patients (less than three years) and older ones regarding
the level of serum phosphorus on admission or after seven days. There was a statistically significant negative
correlation between the percent change in serum phosphorus and that of serum potassium among the
patients' group. There was a statistically non-significant correlation between percent change in serum
phosphorus and percent change in either serum calcium or sodium. Rady and Khalek Mohamed (2014) "
found that the mean serum phosphorus level was (3.5 mg/dl for day 1; 3.7 mg/dl for day 7). The mean serum
phosphorus level was significantly lower in those less than three years old when compared to those above
3yrs old. De Menezes et al. (2006) "*'found that 32 of the 42 patients had hypophosphatemia (76.2 %), and
the median level was 3.1 + 0.7 mg/dL in their study. Shah et al. (2016) ™' estimated phosphate levels at D1
and D3, the median (range) serum phosphate concentrations on D1 and D3, were 3.7 (2.9, 4.4) mg/dl and 3.2
(2.5, 3.9) mg/dl respectively.

The arterial blood gases (ABG) for our patients' group were within normal on admission and after
seven days, PH (7.32 £ 0.043 and. 7.399 + 0.031), Hco3 (25.3+4.6 and 24.3%3.12), Pco2 (35 + 4.37
and 34.967 + 4.98). There was no significant change in the patients' group regarding Pco2, Hco3, and
PH.

Our study revealed a significant association between drugs that had an effect onthe level of phosphorus like
steroids, dopaminergic drugs, and furosemides used in PICU and hypophosphatemia. In contrast, Rady and
KhalekMohamed (2014) ""found that none of the drugs known to deplete serum phosphorus levels as a
side effect to their use (catecholamines, antacids, anticonvulsants, steroids, diuretics) showed association
with hypophosphatemia. On the contrary, Santana e Meneses et al. (2009) "', in their study in PICU in
2009, found that dopamine was associated with hypophosphatemia and attributed this to increased urinary
phosphorus excretion. Also, Subramanian and Khardori (2000) " reported the association between
hypophosphatemia and diuretics or steroids.
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