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Blood gases, plasma ammonia levels and urine analysa
potential for early detection of some inborn errorsof
metabolism

Brief running head: Early detection of some metabolic disorders
ABSTRACT
Aims: Inborn errors of metabolism (IEM) constitute a groaf inherited disorders that cause
significant morbidity and mortality. This diverseogp of diseases present with different clinical

manifestations that make the diagnosis a real etgdl. The current work aimed to investigate the
potential of some preliminary laboratory tests sastblood gases and plasma ammonia and
urine analysis as rapid and conventional biochelmitarker for early diagnosis of young
children with high suspicion of metabolic disorders

Methodology: The present study has been conducted on 50 patisogpected to have
metabolic disorder according to the inclusion cidteselected from pediatric patients
attending the pediatric, metabolic and neurologicahsultant clinics at the Pediatrics
Department, Assiut university hospital, Egypt . dddition, to 20 healthy subjects were
selected as the control group who had matched agesex to the study group. All
participants had their blood tested for complew®odl count, gases, ammonia, electrolytes,
urea, creatinine and glucose levels. Additionaliyne was tested for ketonuria, cysteinuria
and fructosuria. Computed topography (CT) and aesginal fluid (CSF) studies were also
performed.

Results: There was a significant higher percent of conserapus marriage among the
patients’ parents compared with the control groBjfasma ionized calcium, pGand

ammonia levels were significantly higher<f.05), whilst, pC@ pH and HCQ were lower



(p <0.05)in patients versus the control group. One casekhtahuria and hyperglycemia but
died before completing the investigatory workup. I@&in revealed that 60% of the included
pediatric patients had brain atrophic changes. fiited diagnoses of patients suspected to
have metabolic disorders were: 11 (22%) had saptae2l (42%) died before complete the
final diagnosis; 12 (24 %) suspected to have uyekeaefect and 6 (12%) suspected to have
organic acidemia.

Conclusions:Blood gases, plasma ammonia levels and urine sisadye collectively simple
and rapid laboratory tests that can give a pretmyinndication for further investigations in

pediatric patients with suspicious symptoms of finelia disorders.
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1. INTRODUCTION

Inborn errors of metabolism (IEM) constitute a wpoof inherited disorders that cause
significant morbidity and mortality [1]. This dives group of diseases present with different
clinical manifestations that make the diagnosiseal challenge [1]. Early detection and
appropriate investigations prevent complicationd aave lives [1]. IEM are mainly caused
by genetic mutations and result in deficiency ofesmxyme or a cofactor [2]. This usually
leads to accumulation of a substrate that can'inkéabolized by the deficient enzyme [2].
The resulting pathophysiological process leadsefigncy of a product that is essential for
the physiological function of the cell [2]. The dresis of metabolic disorders depends on
the subject's past medical history, detailed diihéxamination and comprehensive laboratory
investigations [3]. In this reference; serum amrap@mino acids, acyl carnitine profile as
well as some urinary organic acids would providéuable diagnostic information [3].
Patients with IEM are occasionally very sick andynteve significant morbidity and
mortality if the diagnosis and appropriate manag#raee delayed [4].

The initial presenting symptoms of most IEM are syecific such as poor feeding,
vomiting and lethargy [1]. As sepsis presents igimailar way, it is sometimes difficult to
differentiate sepsis from IEM [1]. The two condit® occasionally co exist [1]. It is
reasonable to consider IEM in the differential diagjs of unexplained illness especially
severe sepsis in neonates [1]. Every newborn witktxplained neurological deterioration,
hyperammonemia, metabolic acidosis or hypoglycaesh@uld be suspected of having an
inherited error of intermediary metabolism [5]. Maof these conditions can be diagnosed
clinically with the aid of simple laboratory invégtions [5]. Since a substantial number of

these diseases respond well to treatment but nterwise be fatal, and in order to assure



adequate prenatal diagnosis in subsequent pregsarecihigh index of suspicion and rapid
diagnosis are necessary in the face of the clipicdentations described[5].

The objective of the present work was to inveséigdie possibility of using some
preliminary laboratory tests as a rapid and conwgeat biochemical marker in both blood
and urine for early diagnosis of patients with hgispicion of metabolic disorder. This
might help initiating the proper therapeutic inemtions at early disease stages. Also to
increase the awareness on this particular grougisgfase among the pediatricians in our
country
2. MATERIALS AND METHODS
2.1 Study population
The present study was conducted on 50 patientsagéhrange from 3 days to 5 years old,
56%male and 44% female, who were attending theap#z)i metabolic and neurological
consultant clinics at the Pediatrics DepartmentsidtsUniversity Hospital, Egypt, after
obtaining approval of university hospital ethicsrooittee and informed consent from the
parents of the included patients according to GGbdical Practice (GCP/ICH) guidelines,
during the study period from December 2011 to Ddmm®2013. In addition to 20 healthy
subjects were selected as the control group whe wge and sex matched to the study
patients.

The study group inclusion criteria were [6,7]: dniin < 5 years old with growth
failure, failure to thrive,developmental delay, disturbed conscious legeizures and
encephalopathy, recurrent vomiting or diarrhea.j&ub were excluded from participation if
their parents refused to participate, or were vaigically ill, or proved to have another
diagnosis.

2.2 Data collection



The medical history and examination for all patsewas taken according to pediatrics
sheet, which was applied in the Pediatrics Departra¢ Assiut University Hospital with
special concern about the family history and whethe neonate was born to consanguineous
parents or not. The previous history of older siplimiscarriage or genetically affected
siblings was also checked, anthropometric measurtsneattained physical and
developmental milestones and careful clinical exation was done by both metabolic and
neurological consultants. Furthermore, brain CT @&# analysis were done for all included
patients to exclude other diagnoses other than buoktadisorders such as meningitis,
encephalitis, brain tumours, and intra-crainial betmage or to confirm the presence of a
metabolic disorder. The healthy subjects includkethis study were selected according to the
following inclusion criteria: They were selectedlde matched as regard the age and gender
with the patients and from the same geographiditgcaot suffering from acute or chronic
illness or chronically received any drugs or haamnify history of any metabolic or genetic
disorders , and with no consanguineous marriagengrtteeir parents whom agree upon their
participation in the present study. Syndromic akifdwere also excluded

2.3Laboratory workup

All study and control groups' participants werejeated to the following laboratory
investigations; a 3cc of blood were collected bgigancture and were divided into two tubes
(preferably pre-chilled). The first 1.5mlI on EDTs anticoagulant was used, for immediate
estimation of complete blood count (CBC) and plasammonia (by using colorimetric
method according to Anzalone et al [8]) after basegtrifuged at 3500 rpm for 15 minutes at
4°c for the plasma to be separated. The other Ld&f blood were put in a plain test tube for
the estimation of serum sodium, potassium, ionizaltium, urea, creatinine and serum
glucose. One ml of arterial blood sample was ct#i@@and used for blood gases analysis.

This was obtained from radial or brachial or ferhaeeries using a sterile needles and



syringes to puncture the artery. The needle wasram®d into the pulsating palpable artery
until a blood flashback appears, then allow thengyg to fill to the appropriate level. The
needle and syringe then withdrawn; a clean, drgepief gauze or cotton wool was placed
over the site and firm pressure for sufficient timas applied to stop the bleeding These
syringes are pre-heparinized and handled to mimiraiz exposure that will alter the blood
gas values and gently mixed , then the artermbdblgases were measured immediately by
the automated blood gases analyzer using the vambleoagulated blood without separation.

A clean, early morning urine sample was collectgdabcatheter which was the
procedure of choice for neonates, infants and sivérchildren. The urine sample for every
included patient and was control evacuated in arctontainer for immediate detection of
ketonuria (detected chemically by Rothera test @iog to Alkonyl et al [9]),cysteinuria
(detected chemically by cyanide-nitroprusside &esording to Milne et al [1QJand reduced
substances in urine (fructosuria) (detected chdinibg Benedict's and Seliwanoff's tests [11
, 12].

2.4 Statistical analysis

Analysis of data was done by IBM computer using SRStatistical program for social
science version 12) as follows: Description of diuative variables as mean =SD.
Description of qualitative variables as number gedcentage. Chi-square test was used to
compare the strength of association between ga#métcategorical variables which was in
the form of frequency, while, Mann-Whitney test weed to compare quantitative variables.
Correlation co-efficient test was used to rankafales positively or inversely. P value greater
than 0.05 was considered statistically insignificawhile P value less that 0.05 was
considered statistically significant, and P<0.@&f considered highly significant.

3. RESULTS



The consanguinity in the patient and control groupsresented in table 1. A strong,

significant statistical correlation between the samguinity and study group compared to

control group (p=0.000) was found.

Table 1- The Consanguinity between patients and ctmol groups

Patients Control
Consanguinity (n=50) (n=20) p-value*
No. % No. %
P05|t|Ye 45 90.0 0 0.0 0.000**
Negative 5 10.0 20 100.0

*Chi-square test

Table 2 shows the mean hemoglobin and platelettdoutme patient and control groups. A

significant decrease in the hemoglobin and plaélepatient group compared to that in the

** Statistical significant differee (p < 0.05)

control group was detected.

Table 2- Comparison of the mean hemoglobin and platet counts among the studied

groups
Complete blood picture Study Control p-value*

(n=50) (n=20)

Hb

Mean + SL 10.30+ 2.4 12.68+1.1 *

Median 10.5 13.C 0.000

Range 3.6-15.8 10.5-14.0

Platelets

Mean + SD 196.04 + 80.01 262.25 + 53.80 0.000*

Median 200.0 278.5

Rangt 36.0- 450.( 140.0- 330.(

*Mann-Whitney test. ** Statistical significant d&rence (p< 0.05)
Mean serum electrolytes levels are shown in tabléN@ statistically significant

differences in the serum sodium and potassium sewadre found between the study and
control groups. However, the ionized calcium wadistically higher in the patient group
compared to the control group .

Table 3- Serum electrolytes in patient and controfjroups.
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Electrolytes Patients Control P-value**

(mmol/l) (n=50) (n=20)
Sodium
Mean + SL 139.06 + 5.8 139.15+ 3.7 0.984
Median 139.5 140.0 '
Range 123.0 - 152.0 135.0 - 146.0
Potassium
Mean = SD 421 +1.05 3.94 £ 0.41 0.249
Median 4.2 3.9 '
Rangt 2.4-7.C 3.5-4.€
Calcium
Mean = SD 2.12+2.90 0.97 £0.13 0.024%
Median 1.0 0.9 '
Range 0.1-10.7 09-1.5

*Mann-Whitney test. * Statistical significant d&rence (p< 0.05)

The blood gases (table 4) show a significant stedisincrease in poin the patients
group compared to the controls group<(9.00). Whilst, there was a significant statistical
decrease in pCQpH and HCQin the patients compared to control group: (@001 p< 0.05
and p< 0.001 respectively).

Table 5 shows a statistically significant statatimcrease in the plasma ammonia in
the patients compared to the control (p=0.000),red& there was no significant difference
in the blood glucose between the two groups.

On the other hand, the kidney function tests shomeedifference between the patient
and control groups. Regarding the urine analy$isret was one male case with positive
ketonuria and hyperglycemia (150 mg/dl),this patieas one year old, and suffered from
uncontrolled convulsion, shock and metabolic adglos
(pH=6.9,pQ=170mmHg,pC@4.8mmHg,HCG@=1mmol/l). There were no fructosuria and

cysteinuria detected in both groups.

Table 4- The blood gases in patients and controls.

Patients Control

(n= 50) (n= 20) p-value™

Blood gases

PO, (mmHgQ) 0.000*




Mean = SD 126.42 + 34.42 73.78 £ 3.79
Median 131.0 73.5
Range 70.0-177.0 70.0 - 80.0
PCG (mmHQ)
Mean = SD 22.80 +10.33 39.11+6.94
0.000*
Median 20.2 37.0
Range 5.0-44.0 35.0-67.0
pH
Mean = SD 6.54 £ 0.87 7.19+£0.16
0.042*
Median 6.7 7.3
Range 5.0-8.0 7.0-74
HCO; (mmol/l)
Mean = SD 12.20 £ 5.85 17.83+£0.94
0.000*
Median 11.0 18.0
Range 1.0-23.2 17.0-20.0

**Mann-Whitney test. * Statistical significant défence (p < 0.05)

All patients had clear colorless CSF with no sedithexcept one male patient (4
days old) who had reddish discoloration of CSFdgie=5.6 mmol/l, protein=10mg/dl). He
was suffering from uncontrolled convulsions andtudised conscious level, persistent
metabolic acidosis and his blood gases showetl (Pid=6,pQ=170mmHg,pC@=10
mmHg,HCQ=4mmol/l),The CT brain scan revealed no focal lesidowever, 30 infants
(60%) in the study group had brain atrophy. Thetetbs history in all cases revealed no
significant abnormalities, but three cases hadohisbf previous neonatal deaths and one
stillbirth was reported by one case.

Table 5- The mean plasma ammonia and serum glucokvels in patients and controls.

Patient Contro

(n= 50) (n= 20) p-value™

Plasma ammoni 0.000¢




(ug/dl)

Mean *+ SD 172.08 + 93.36 89.75 +5.29
Median 153.0 89.5
Range 68.0 - 425.0 80.0 - 100.0
Serum glucose:
(mg/dl)
Mean + SD 89.45 + 15.69 93.30 £ 14.05
0.156
Median 88.0 94.5
Range 66.0 - 150.0 67.0 - 110.0

*Mann-Whitney test. * Statistical significant défence (p< 0.05)

Figures 1, 2, 3 and 4 showed correlations betwéssnma ammonia and blood gases
in the patient groufphere was a significant positive correlation betw@tasma ammonia
and pQ group(r=0.050 and g 0.001) There was a significant inverse correlation betwe
plasma ammonia, pGOpH and HCQ in the patient group (r=-0.583,900.001r=-0.545, p<

0.001and r =-0.580,p g 0.001 respectively).
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The final diagnoses of the patients suspected v maetabolic disorders were: 11
(22%) had septicemia; 21 (42%) died before comptéte final diagnosis; 12 (24 %)
suspected to have urea cycle defect and 6 (12%)estexi to have organic acidemia
according to the amino acid assay profile resuftd eequire further confirmation of the

diagnosis by performing mutation analysis of thepseted deficient enzyme gene.

4. DISCUSSION

Consanguineous marriages are recognized as besogiated with higher risk for
autosomal recessive diseases than in the gengralgtion [13]. Recent studies have shown
that 20 % to 50 % of marriages in Arab countries laetween relatives [14]. The rate was
68 % in Egypt [15]. The present study showed $icgmt higher consanguinity among the
patients' parents €0.001) which agree with a study done by Al-Thiétial [16], their

retrospective cross-sectional study was designeddtuate the number of patients with IEM
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being followed at the only two tertiary centers @man treating such patients, and to
calculate the consanguinity rates among these iisniThe electronic medical records of all
patients were reviewed for demographic and clinicharacteristics. The history of
consanguinity was documented or available for Zatiepts: 229 patients (95%) were born to
consanguineous parents related as second cousiieser [16].

The present study reported that there was significacrease in p@and plasma
ammoniain the patient group compared to the control gramp there was a significant
decrease in pCQpH and HCQ in the patient group compared to the control graupich
indicate the presence of metabolic acidosis ambagpatients suspected to have metabolic
disorders. Our results showed that there was ieversrrelation between serum
ammonia,pCQ@ pH and HCQ in the patient group .These results agree with lyer ¢17]
,who studied the urea cycle disorders which areimportant and treatable cause of
hyperammonemia in the newborn and pediatric agepgro

These results do agree also with Hudak et al [h8] Ballard et al [19], who studied
hyperammonemia and proved that among the most taptolaboratory findings associated
with inborn errors of metabolism presenting with acute encephalopathy is
hyperammonemia [18, 19]. They concluded that plaamanonia level should be obtained
for any child with unexplained vomiting, lethargy; other evidence of an encephalopathy
[18, 19]. Significant hyperammonemia is observed Iimited number of conditions [18, 19].
Inborn errors of metabolism, including urea cyoidedtts and many of the organic acidemias
are on the top of the list [18, 19]. Additionaliy, the differential diagnosis in the neonate
there is a condition referred to as transient hggmenonemia of the newborn, whereas in the
older infant, fatty acid oxidation defects may lmmsidered [18, 19]. The finding of marked
hyperammonemia provides an important clue for diggnand indicates the need for urgent

treatment to reduce the ammonia level [18, 19].

13



The current study findings go also in line with @Gaérg et al [20] who studied
metabolic acidosis as the second important labgrdéature of many of the inborn errors of
metabolism. Metabolic acidosis was associated with increased anion gap, readily
demonstrable by measurement of arterial blood gasesserum electrolytes and
bicarbonate[20]which agree with the current results

Our results revealed that there was one male case positive ketonuria and
hyperglycemia, that patient was one year old arfeid from uncontrolled convulsion,
shock and metabolic acidosis which was previoushgrnbsed as a diabetic patient then
suspected to had metabolic disorder (pH=6.9@0mmHg,pC@=4.8mmHg,
HCOs;=1mmol/l), but unfortunately died before completitige investigations required to
reach final diagnosis..There was no fructosuriecysteinuria detected in the patient and
control groups. The CT and CSF studies were peddriy pediatricians for the patients
suffering from uncontrolled convulsions, disturbenscious level and unexplained
vomiting. All patients had clear, colorless CSFhmito sediment, except a one male case 4
days old who had a reddish discoloration of his @@&cose=5.6 mmol/l,protein= 10mg/dI).
He was suffering from uncontrolled convulsions atisturbed conscious level,there was
persistent metabolic acidosis and his blood gaseBowed that (pH=
6,pO=170mmHg,pC@10mmHg,HCQ@=4mmol/l), the CT scan reviled no focal lesion, but
unfortunately died before completing the invesima required to reach final diagnosis. The
CT scan was done for patients suffering from unodietd convulsion, disturbed conscious
level; there were 30cases with brain atrophy. Gaiglet al [20] reported that infants with an
inborn error of metabolism who present more abyupith lethargy and poor feeding may
first come to attention because of apnea or respyralistress [20]. The apnea is typically
central in origin and a symptom of the metaboliceghalopathy, but tachypnea may be a

symptom of an underlying metabolic acidosis, asicci the organic academia [20]. Infants
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with urea cycle defects and evolving hyperammonegoma initially exhibit central
hyperventilation, which leads to respiratory allsid20].

Regarding the final diagnoses of the included p#tiesepticemia has the highest
frequency followed by urea cycle defect while oligaatademia had the lowest frequency. In
disagreement with these findings, a study done bjtiMt al [21] on a total of 21 patients
were admitted to Aga Khan University Hospital wstispected congenital hyperammonemias
who reported higher frequency of organic academmaorsy those with congenital
hyperammonemias and acidosis than urea cycle defect

Urea which wass a nonspecific kidney function test showed sigaificincrease in
the patient group compared to the control groupctvimay be due to hypovolemia which
leads to decrease in renal blood supply in additmrstress of illness in these patients.
Complete blood count showed that high significaatistical decrease in hemoglobin and
platelets in the patient group compared to corgrolp that may be due to poor nutrition in
these chronically ill patients. There was a highnsicant statistical increase in ionized
calcium in the studied metabolic disorder group parad to control group which may be due
to intravenous infusion of calcium taken for casefering from convulsions.

5. CONCLUSIONS
Consanguinityplood gases, plasma ammonia and urine analysia églrole in the suspicion
of some metabolic disorders particularly the fatabucycle defect and organic acidemia. The
preliminary tests performed in this work shoulddmne for infants aged from three days to
five years suffering from any of the metabolic syamps currently studied.
6. STUDY LIMITATIONS
The final diagnoses of some patients couldn't betred due to death before completion
of the investigatory battery while in some patient®lecular and genetic studies are

required to confirm the diagnosis, which will benéan future studies.
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