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INTRODUCTION

Rhabdomyolysis is a clinical condition resulting from skeletal 
muscle fibers damage due to many reasons. The damaged 
muscle cell breaks down, and the intracytoplasmic proteins 
such as creatine kinase (CK) and myoglobin are released into the 
plasma. Subsequently, it can cause life-threatening complications 
such as electrolyte disturbance, acute kidney injury (AKI), and 
disseminated intravascular coagulation. These causes include 
severe trauma, vigorous exercise, burns, electrical injury, 
prolonged immobilization, seizure, electrolyte imbalances such as 
hypokalemia, hyponatremia, hypophosphatemia, and drugs such 
as levetiracetam, colchicine, lithium, and infectious agents such 
as Mycoplasma pneumoniae, enteroviruses, Human parainfluenza 
viruses (Table 1).1,2

Although there is a lack of consensus for diagnosis, in the pediatric 
literature, CK level greater than five times the upper limit of 
normal, or greater than 1.000 U/L, is commonly used for diagnosis. 
Myalgia, weakness, and red urine are common complaints with 
elevated CK. This differs from myositis, in which there is muscle 
inflammation. However, the cell wall remains intact, so minimal 

intracellular content leaks into the circulation, and the serum CK 
level is much lower than 1.000 U/L.1-3

If rhabdomyolysis is suspected, the physician can confirm the 
diagnosis by detecting elevated serum CK levels. Rhabdomyolysis 
is a cause of red urine (Table 2). In the absence of red blood cells 
in the sediment, Heme-positive urine should raise the suspicion 
for hemolysis or rhabdomyolysis. Detecting urine myoglobin 
can be helpful for the diagnosis of rhabdomyolysis.4,5 Early 
recognition of rhabdomyolysis by pediatricians is vital because it 
can be encountered oftenly in the pediatric routine due to various 
etiologies and is mortal when there is delay in treatment.6

Inborn errors of metabolism (IEM) are also one of the main topics 
in the etiology of rhabdomyolysis. These conditions are listed in 
Table 3. IEMs may be overlooked, considering the high frequency 
of viral infections in pediatrics and the fact that these infections 
are the most common causes of rhabdomyolysis. Pediatricians 
should consider IEMs when symptoms are recurrent, progressive, 
unexplained, unresponsive to standard treatment, or inexplicably 
associated with the involvement of other organ systems. 
Consanguinity and patients who have similar clinical features in 

Address for Correspondence: Havva Yazıcı
Ege University Faculty of Medicine, Department of Pediatrics, Division of Metabolism and Nutrition, İzmir, Turkey
E-mail: havvaya@gmail.com ORCID-ID: orcid.org/0000-0002-2564-7420
Received: 12.11.2021 Accepted: 19.12.2021 Publication date: 04.01.2022

ABSTRACT

Rhabdomyolysis is a clinical emergency that can result in life-threatening complications. The etiology for rhabdomyolysis is broad. Infecitons are the most 
common cause in pediatric patients. Underlying inherited metabolic diseases are also a cause of rhabdomyolysis and can often have a diagnostic challenge, 
considering their marked heterogeneity and comparative rarity. The purpose of this review is to summarize the essential characteristics and diagnostic clues 
of inborn errors of metabolism associated with rhabdomyolysis.
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family history are other supportive findings.3,7 This review aims to 
provide pediatricians with an overview of IEMs that can present 
with rhabdomyolysis. A summary of these conditions with a focus 
on diagnostic tools is presented in Figure 1.8

Glycogen Storage Diseases

Glycogen storage diseases (GSDs) are inherited carbohydrate 
metabolism errors and are classified into two groups as hepatic 
and muscle glycogenoses. Hepatomegaly, hypoglycemia, elevated 
transaminases, and hepatosteatosis are common findings in 
hepatic glycogenosis. Glycogen is an important energy source for 

skeletal muscle during exercise. The absence of enzymes involved 
in glycogenolysis causes defective glycogen breakdown and results 
in exercise intolerance, muscle cramps, and rhabdomyolysis in 
muscle glycogenosis. If the absent enzyme is also en enzyme 
expressed in tissues other than liver and skeletal muscle, other 
clinical manifestations such as neutropenia, hemolytic anemia, or 
proximal tubular dysfunction may occur depending on the affected 
tissue. The first diagnostic tool is, if available, a demonstration of 
glycogen storage and enzyme deficiency in the liver or muscle. 
Molecular analyses confirm the diagnosis.9,10 

GSD type V (Myophosphorylase deficiency, McArdle disease)

The GSD type V is the most common and well-known type of 
muscle glycogenosis. GSD type V is also known as McArdle disease. 
Myophosphorylase deficiency results in defective glycogenolysis 
in skeletal muscle. Typical symptoms are exercise intolerance with 
myalgia and stiffness of exercising muscles, which are relieved by 
rest. This clinical issue is named “second wind phenomenon”. Two 
types of effort are more responsible for symptoms: brief, intense 
isometric exercise, such as lifting heavy weights, or constant 

Table 1. Causes of pediatric rhabdomyolysis

Infections

Mycoplasma pneumoniae

Primary (acute) q fever

Enterovirus

Human parainfluenza viruses

West Nile encephalitis

Inflammatory bowel disease

Bacillus cereus

COVID-19

Fluid and electrolyte 
imbalances

Water intoxication

Hypokalemia

Hyponatremia

Hypophosphatemia

Muscle strain/excessive 
activity/trauma

Burns

Prolonged immobilization

Electrical injury

Blunt trauma and crush injuries

Medications

Propofol 

Cholesterol-lowering drugs

Levetiracetam

Daptomycin

Colchicine

Lithium

Synthetic marijuana

Inherited 
neuromuscular 
disorders

Malignant hyperthermia-susceptibility

Anoctaminopathy-5

Duchenne muscular dystrophy

Becker muscular dystrophy

Limb-girdle muscular dystrophy (2B and 
2I)

Marinesco-Sjogren syndrome

Pontocerebellar hypoplasia type 2

Inborn errors of 
metabolism (see Table 3)

COVID-19: Coronavirus disease-2019

Table 2. Causes of red urine without RBCs

Heme positive

Hemoglobinuria

Hemolytic anemias

Hemolytic-uremic syndrome

Cystitis

Myoglobinuria Rhabdomyolysis

Heme negative

Drugs

Adriamycin

Chloroquine

Deferoxamine

Hydroxycobalamin

Ibuprofen

Iron sorbitol

Levodopa

Metronidazole

Nitrofurantoin

Phenytoin

Quinine

Rifampin

Salicylates

Sulfasalazine

Foods

Beets

Blackberries

Paprika

Red food coloring

Porphyrinuria Disorders of “Heme” metabolism 
RBCs: Red blood cells
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dynamic exercise, such as running fastly or climbing uphill.9,11 

Clinical examination is usually normal between rhabdomyolysis 
episodes, but a proximal muscle or scapulohumeral weakness 
and wasting may occur in the fourth decade of life. Baseline 
CK levels are high, and CK can increase to more than 100,000-
1,000.000 UI/L during episodes of rhabdomyolysis, causing a 

risk of developing AKI. Myoglobinuria occurs in about half of 
the patients. The ischaemic forearm exercise test (IFET) was first 
used as a diagnostic tool. The abnormal increase in ammonia and 
the absence of lactate elevation during exercise support GSD-V 
diagnosis. Due to the risk of rhabdomyolysis, the standardized 
non-ischaemic FET has replaced the ischaemic test. Muscle biopsy 
shows storage and negative myophosphorylase staining. Muscle 
biopsy should be performed several weeks after a rhabdomyolysis 
episode. Recently, muscle biopsy may be avoided if sequencing of 
PYGM gene is available.10

There is no grateful therapy for GSD-V. Oral sucrose, ribose, 
or glucose ingestion together with abundant hydration before 
exercise is recommended to prevent rhabdomyolysis.12,13 Recently, 
a pilot study showed that a modified ketogenic diet might improve 
symptoms and exercise tolerance in patients with GSD-V.12

GSD type IXd (Muscle phosphorylase kinase deficiency)

GSD type IXd is caused by muscle phosphorylase kinase deficiency. 
Muscle phosphorylase kinase deficiency is an X-linked disorder 
caused by mutations in PHKA1, which encodes the α1 subunit. 
GSD-IXd is a cause of cramps, exercise intolerance and raised 
CK. The second wind phenomenon occurs. These symptoms are 
similar to GSD-V. They are usually milder and present anytime 
from childhood to adulthood. Rhabdomyolysis has been reported 
in patients with GSD-IXd. There is a variable lactate response with 
the non-ischaemic FET. Symptoms should be managed as in other 
muscle glycogenosis.10,13,14

Figure 1. Algorithm for metabolic etiologies of rhabdomyolysis

CK: Creatine kinase, GSD: Glycogen storage disease, CPT: Carnitine palmitoyltransferase, VLCAD: Very long-chain acyl-CoA dehydrogenase

Table 3. Inborn errors of metabolism to consider in 
rhabdomyolysis

Glycogen storage 
diseases

GSD type V

GSD type Ixd

Disorders of glycolysis

ALDOA deficiency

LDH deficiency

Muscle phosphofructokinase deficiency

PGK deficiency 

Disorders of 
mitochondrial fatty acid 
oxidation

Carnitine transporter deficiency

Carnitine palmitoyltransferase II 
deficiency

VLCAD deficiency

Mitochondrial disorders OXPHOS deficiencies

Others
Lipin-1 deficiency

TANGO2
ALDOA: Aldolase A, GSD: Glycogen storage disease, LDH: Lactate dehydrogenase, 
PGK: Phosphoglycerate kinase, VLCAD: Very long-chain acyl-CoA dehydrogenase, 
OXPHOS: Oxidative phosphorylation system, TANGO2: Transport and Golgi 
organization 2
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Disorders of Glycolysis

ALDOA deficiency (GSD type XII)

Aldolase catalyzes the reversible conversion of fructose-1,6-
bisphosphate to glyceraldehyde 3-phosphate in glycolysis. 
Aldolase A (ALDOA) is a predominant isoform of aldolase in 
skeletal muscle and erythrocytes. Single cases with very variable 
symptoms are reported very rarely. The main clinical findings 
are hemolytic anemia, recurrent episodes of rhabdomyolysis, 
usually precipitated by fever, and mental retardation. CK levels 
are normal or elevated at rest. Muscle biopsy usually reveals non-
specific alterations and biochemical studies performed in muscle 
or erythrocytes show diminished ALDOA activity.15

There is no specific treatment. Avoiding vigorous exercise that 
may cause rhabdomyolysis is the main principle of management.16

LDH deficiency (GSD type XI)

Lactate dehydrogenase (LDH) has two subunits, namely muscle 
(M) and heart (H). There are five isoenzymes (LDH1-5) consisting 
of these two subunits. LDHA and LDHB genes encode the M and H 
proteins, respectively. LDHA mutations result in the deficiency of 
the LDH and they are very rare. It mainly affects skeletal muscles 
because skeletal LDH has all M-subunits.17 In addition to muscle 
symptoms, a few affected patients suffered from skin rashes.16,18 
In patients with myoglobinuria, LDH deficiency should be kept in 
mind in the presence of low LDH despite elevated CK.16

Muscle phosphofructokinase deficiency (GSD type VII, Tarui 

disease)

There are three isoforms of phosphofructokinase; muscle, liver, 
and platelet isoforms. Muscle phosphofructokinase has the main 
role in glycolysis and the conversion of fructose 6-phosphate 
to fructose 1,6-bisphosphate. In GSD-VII, there is blockage of 
glycolysis resulting from a deficiency of the enzyme muscle 
phosphofructokinase due to mutations in the PFKM gene. The 
main clinical symptom is exercise intolerance, same as in GSD-V. 
The onset of classic form is usually in childhood. The main clinical 
features are muscle cramps, exercise intolerance, rhabdomyolysis, 
and myoglobinuria, often associated with hemolytic anemia 
and hyperuricemia but without the second wind phenomenon. 
Patients with late-onset form suffer from myalgia later in life. 
Infantile onset form may present as floppy infants. Infantile onset 
patients have no hemolytic anemia.11,16

The CK at rest is typically raised in GSD-V but may be normal in 
GSD-VII. A flat lactate curve, a normal increase of ammonia in non-
ischaemic FET, and increased bilirubin and reticulocyte counts are 
helpful for differentiation from GSD-V. Biochemical assay of the 
muscle phosphofructokinase level and PFKM gene analysis are 
required for diagnosis.11,16

No specific treatment exists. The patients should avoid a high 
carbohydrate diet and strenuous exercise, as glucose cannot 
be metabolized. According to a recent, 5-year follow-up study, 
ketogenic diet can benefit.19

Muscle Phosphoglycerate Kinase Deficiency

Phosphoglycerate kinase (PGK) deficiency is a rare X-linked 
metabolic disorder caused by mutations in the PGK1 gene. 
There are three main clinical presentations; non-spherocytic 
hemolytic anemia, myopathy, or the combination of anemia 
and central nervous system involvement. The myopathic form 
is indistinguishable from PFK deficiency and is characterized by 
recurrent episodes of exercise-induced cramps and myoglobinuria. 
The onset is usually in childhood.

Definitive diagnosis requires a biochemical assay of the PGK 
enzyme activity in muscle and/or erythrocytes and PGK1 gene 
analysis.20

No specific treatment or cure exists. Management primarily 
consists of avoiding strenuous exercise. Symptoms typically 
resolve with rest.16

Disorders of Mitochondrial Fatty Acid Oxidation

Carnitine transporter deficiency

Carnitine transporter deficiency, also called systemic carnitine 
deficiency, is caused by a lack of the sodium-dependent carnitine 
transporter protein OCTN2. Carnitine cannot pass through 
the plasma membrane. Therefore, entry of Acyl-CoA esters, 
transported by binding to carnitine, into the mitochondrial fatty 
acid oxidation cycle is disrupted. Carnitine which cannot be 
transported into the cell is lost through the kidneys, and plasma 
and intracellular carnitine levels decrease. For plasma, carnitine 
levels of patients are <5 μM/L, while the normal range is 25-50 
μM/L. The most fundamental clinical features are progressive 
cardiomyopathy and myopathy. Hypoglycemia and encephalopathy 
attacks may occur. It can cause sudden infant death. Older children 
have rhabdomyolysis, even in the absence of myopathy and 
cardiomyopathy. Asymptomatic or mild patients diagnosed by 
using neonatal screening were reported.Plasma carnitine level is 
tried to be kept above 10 μM/L with high-dose carnitine support 
(100-300 mg/kg/day). Response to treatment is good.21,22

Carnitine palmitoyltransferase II deficiency

Long-chain fatty acids do not cross the bilayer mitochondrial 
membrane. Thus, carnitine palmitoyltransferase (CPT) I and II 
afford long-chain fatty acids transport into the mitochondrial 
compartment. CPT II protein is in the inner mitochondrial 
membrane. CPT II deficiency is an autosomal recessive disorder of 
long-chain fatty acid oxidation.

There are three clinical phenotypes in CPT II deficiency; lethal 
neonatal form, severe infantile hepatocardiomuscular form, and 
myopathic form.23 Lethal neonatal form manifests with hypoketotic 
hypoglycemia, liver failure, cardiomyopathy, respiratory distress, 
and/or cardiac arrhythmias. Liver and brain calcifications, cystic 
dysplastic kidneys, and neuronal migration defects have been 
reported.24,25 Severe infantile hepatocardiomuscular form presents 
with hypoketotic hypoglycemia, liver failure, cardiomyopathy, and 
peripheral myopathy.25,26
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The myopathic form is usually mild and can manifest from infancy 
to adulthood. The unbalanced sex distribution was reported 
in previous studies. More than 75% of patients reported were 
male thus far.27 It is clinically characterized by recurrent episodes 
of muscle pain, muscle weakness, and rhabdomyolysis. These 
episodes are triggered mainly through exercise, prolonged fasting, 
exposure to cold, fever, infection, menstruation, emotional stress. 
Affected individuals generally do not have muscle weakness in 
between the attacks. Renal failure requiring hemodialysis due 
to acute tubular necrosis is also occasionally reported during 
rhabdomyolysis attacks. The overall increase of C12 to C18 
acylcarnitines will support the diagnosis of CPT II deficiency. The 
increases in C16+C18: 1 and (C16+C18:1)/C2 ratios are more 
specific than other acylcarnitine measurements. The absence of 
the typical acylcarnitine profile does not exclude the diagnosis 
of CPT II deficiency, especially the mild myopathic form.28,29 
Decreased CPT II activity and histopathological changes consisting 
lipid accumulation can be detected in muscle biopsy. Previous 
reports showed that muscle biopsies might be normal and showed 
non-specific changes or lipid deposition.30 The diagnosis should be 
confirmed by CPT II gene analysis.23 CPT II deficient patients should 
avoid prolonged fasting and excessive muscle exercise in long-
term treatment. Dietary therapy should be suggested to provide 
energy based on fractionated meals rich in carbohydrates and 
medium-chain triglyceride (MCT).31

Very long-chain acyl-CoA dehydrogenase deficiency

Very long-chain acyl-CoA dehydrogenase (VLCAD) plays a role in 
mitochondrial β-oxidation of long-chain fatty acids. There are three 
phenotypes reported. The severe or early-onset form typically 
presents within the first few months of life. It is characterized 
by hypertrophic or dilated cardiomyopathy and arrhythmias, 
hypotonia, hepatomegaly, and intermittent hypoglycemia. The 
moderate form typically presents during late infancy or early 
childhood with episodes of hypoketotic hypoglycemia and 
hepatomegaly. Cardiomyopathy is much less likely in moderate 
than in severe phenotypes. The mild or late-onset form is typically 
present in adolescence or early adulthood and is characterized by 
exercise intolerance and rhabdomyolysis. Episodic rhabdomyolysis 
may be provoked by infection, cold, fasting, exercise, or emotional 
stress.22,25 The specific marker for VLCAD from dried blood spots is 
an elevation of C14:1 acylcarnitine. Other long-chain acylcarnitines 
and/or abnormal ratios of C14:1 and other acylcarnitines support 
the diagnosis of VLCAD deficiency. The acylcarnitine profile can 
be completely normal in patients with mild VLCAD, which should 
be kept in mind. There is usually dicarboxylic aciduria, especially 
during severe metabolic decompensation. Muscle biopsy may 
show lipid storage, and the electromyography is often myopathic. 
Clinical and acylcarnitine profiles may be confused with CPT II 
deficiency. Enzyme analysis can be done for diagnosis. Diagnosis 
needs to be confirmed by enzyme assay of VLCAD or by mutation 
analysis of ACADVL encoding VLCAD.25

Prolonged fasting should be avoided in patients in order to 
prevent acute metabolic decompensation. Frequent, regular 

feeds which are high carbohydrate-low fat are recommended. 
For providing a source of energy; MCT, by-passing the enzymatic 
block in β-oxidation is preferable. A bolus of MCT before exercise 
can prevent rhabdomyolysis in patients with myopathic VLCAD 
deficiency.25,32 Triheptanoin (C7 odd-chain fatty acid) can substitute 
for MCT in patients with VLCAD deficiency.33

Rhabdomyolysis attacks may result in life-threatening events 
such as acute renal failure requiring hemodialysis. Generally, the 
treatment of rhabdomyolysis is conservative such as intravascular 
volume expansion, urinary alkalinization.34

Mitochondrial oxidative phosphorylation system disorders

The oxidative phosphorylation system (OXPHOS) is the final step 
in the aerobic production of adenosine triphosphate. The OXPHOS 
consists of 5 protein complexes (Complex I-V) and 2 electron 
carriers embedded in the inner mitochondrial membrane. Defects 
in OXPHOS can be caused by a mutation in either mitochondrial 
DNA or nuclear DNA.

Most patients with mitochondrial disorders present with a 
multisystem disorder at any age, and the symptoms are almost 
progressive. The most commonly affected organs are the brain, 
kidney, heart, and skeletal muscle, all of which require the most 
energy.35,36

Mitochondrial myopathies lead to muscle energy failure due to 
dysfunction of the mitochondrial respiratory chain, coded by both 
mitochondrial and nuclear genome. It can be a non-progressive 
disease, but life-threatening episodes of rhabdomyolysis may 
occur. There is no effective treatment available for mitochondrial 
myopathies.37-39

Others

Muscle phosphatidic acid phosphatase deficiency (Lipin-1 

deficiency)

Lipin-1 (LPIN1) is a phosphatidic acid phosphohydrolase that 
catalyzes the dephosphorylation of phosphatidic acid to 
diacylglycerol and inorganic phosphate. It regulates critical 
metabolic pathways, such as adipocyte differentiation and lipid 
metabolism, nuclear envelope and mitochondrial dynamics, 
and vacuole fusion. LPIN1 encodes Lipin-1.

LPIN1 deficiency is one of the leading metabolic causes of recurrent 
rhabdomyolysis episodes in children. Deficiency of this enzyme 
causes potentially fatal rhabdomyolysis triggered by infection. It 
should be kept in mind if normal acylcarnitines are detected in 
patients with recurrent rhabdomyolysis. Despite the known roles 
of LPIN1 in lipid biosynthesis and transcriptional regulation, the 
pathogenic mechanisms causing rhabdomyolysis are unclear.

There is no known effective treatment for LPIN1 deficiency. 
Symptomatic treatment of rhabdomyolysis, high energy 
intake from carbohydrates, and monitoring for hyperkalemia 
and cardiac arrhythmias are reported in the management of 
rhabdomyolysis.40-42
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TANGO2 Deficiency

The Transport and Golgi Organization protein 2 (TANGO2) protein 
regulates the organization of the Golgi apparatus and the endoplasmic 
reticulum. Mutations in TANGO2 have been recently described 
in episodic rhabdomyolysis. Clinical findings are hypoglycemia, 
hyperammonemia, and susceptibility to life-threatening cardiac 
tachyarrhythmias. Neurologic abnormalities, developmental delay, 
and intellectual disability are other accompanying clinical courses 
of patients. Other clues for suspicion of TANGO2 deficiency are 
hypothyroidism, QT prolongation, or abnormalities of long-chain 
acylcarnitines and urine dicarboxylic acids. TANGO2 deficiency 
mimics fatty acid oxidation defects, except for ketosis.43-45

There is no specific known treatment for TANGO2 deficiency. 
Treatment of rhabdomyolysis and organic complications (e.g., 
hyperammonemia, seizures, arrhythmias) is fundamental in 
managing attacks. Anabolizing management, treatment with 
vitamin B1, B2, and carnitine were reported to stabilize metabolic 
decompensation.46

CONCLUSION

Pediatricians should consider IEMs in the differential diagnosis of 
rhabdomyolysis. It should not be forgotten that IEMs have high 
prevalence due to the high rate of consanguineous marriages in 
our country. The road to diagnosis starts with the suspicion of the 
clinician and a thorough clinical evaluation.
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ABSTRACT

Objective: Diet is the main component in the treatment of classical phenylketonuria (PKU). Living in the same house as a PKU patient affects the lifestyle of 
family members in many ways. The present study examines the dietary habits of the parents of PKU patients.

Methods: The parents of 32 PKU patients were asked about their socio-demographic characteristics, family dietary patterns (mealtimes; frequency of meals 
with the PKU patient; content of foods at mealtimes, etc.) the parental dietary regimen and any food allergies.

Results: The mean age of the PKU patients was 11.5±4.3 years, and 14 (44%) were female. The mean plasma phenylalanine (Phe) level over the previous year 
was 732.4±339.0 µmol/L in the patient group. Within the study sample, 2 (6%) families prepared only low-protein meals in the home, and the Phe levels of 
the two PKU patients in these families never exceeded >600 µmol/L, and 26 (81%) parents prepared separate meals for the PKU patient and for the other 
family members every day. The 28 (88%) parents had no special dietary regimen, with a mean Phe level of 774.8±345.4 µmol/L (p=0.055). Finally, 26 (81%) of 
the parents were careful about the foods they consumed while eating with the PKU patient, opting especially for foods that are low in Phe.

Conclusion: Diet is an indispensable part of the treatment of PKU and can affect the dietary patterns also of parents. Phe levels are lower in the children of 
parents who adopt a protein-restricted diet as a lifestyle, such as vegan and pescetarian. Large-scale studies are needed to investigate the physical, social and 
psychological effects of parents’ dietary habits on PKU patients.

Keywords: Phenylketonuria, mealtime, parents, phenylalanine, diet, family

INTRODUCTION

Phenylketonuria (PKU) is the most common inborn error of the 
amino acid metabolism globally. In PKU, phenylalanine (Phe), an 
essential amino acid, cannot be converted into tyrosine due to 
a deficiency of phenylalanine hydroxylase enzyme activity in the 
liver. The most severe form of this disorder is known as classical 
PKU. Classical PKU occurs when phenylalanine hydroxylase activity 
is severely reduced or absent. Phe accumulates and the production 

of phenylketones is increased, resulting in high Phe levels in the 
blood and brain. Consequently, high blood levels of Phe have 
neurotoxic effects, and can lead to such serious neurological 
and psychiatric symptoms as microcephaly, mental retardation, 
epilepsy, behavioral disorder, hyperactivity and autism.1 Although 
the exact pathogenesis of neurocognitive dysfunction yet to be 
clearly explained,2 the goal with all available treatments is to 
reduce blood Phe levels, since it is known that high blood levels of 
Phe are strongly associated with neurocognitive dysfunction. The 
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target is to maintain a blood Phe level of <360 µmol/L in children 
under 12 years of age, while the target blood level of Phe is <600 
µmol/L in older children.1

The mainstay treatment is a lifelong Phe-restricted diet,3 which 
has three main features: (a) natural protein is restricted, (b) Phe-
free-L-amino acid supplements are used to provide the necessary 
protein, and (c) low-protein foods are consumed.1 The diet lacks 
high protein foods such as meat, chicken, fish, eggs, cheese and 
milk, with the calories that the patients need being provided by 
foods that are rich in carbohydrates and low in protein, such as 
fruit, vegetables and grains.3 Especially, children with classical PKU 
usually only tolerate Phe levels between 200 -500 mg day.1

The importance of family meals has been well established, 
however dining with a dieter can lead to changes in the eating 
habits and also in food preferences of other family members. To 
date, there has been a lack of studies investigating the eating 
habits of families of patients with classical PKU. The present study 
analyzes the eating habits of family members with a child with 
classical PKU so as to identify the strategies followed by families 
to cope with the associated problems.

MATERIALS and METHODS

This prospective study was conducted at Dokuz Eylül University 
Faculty of Medicine, a specialized PKU clinic. All the patients 
were diagnosed as having classical PKU (Phe >1200 µmol/L, 
Phe tolerance <20 mg/kg/day) via Newborn Screening Program 
and their treatments were initiated immediately after their 
diagnosis. Phe levels were monitored based on recommendations 
of European guidelines on PKU (Frequency of blood Phe levels 
fortnightly at 1-12 years; monthly after the age of 12 years).1 
Among the 37 eligible families, five caregivers declined to 
participate in the study, and so a total of 32 caregivers of children 
with classical PKU were enrolled in the study, who were asked to 
complete four questionnaires, and thus to provide details of:

1) The socio-demographic characteristics of the child and the 
caregivers; child’s age, gender and dietary compliance; parent’s 
age, sex, marital status, educational level, occupation,

2) Family dietary patterns (mealtimes; frequency of meals with 
the patient with PKU; content of foods at mealtimes, number of 
variety, frequency of foods consumed, etc.),

3) The parental dietary regimen (whether a pescatarian, vegetarian 
or vegan dietary regimen was followed),

4) Any food allergies (whether families were following a special 
diet).

Statistical Analysis

The data analysis was performed using IBM Statistical Package for 
the Social Sciences Statistics for Windows, Version 22.0 (SPSS IBM, 
Armonk, NY, USA). The normality of the sample distribution was 
tested using the Kolmogorov-Smirnov test. Numerical variables 
were expressed as mean ± standard deviation or median (minimum-

maximum), depending on the normality of distribution; and 
categorical variables were expressed as numbers and percentages 
(%). Since the Phe levels were normally distributed; the Student’s 
t-test and one-way ANOVA was used to compare the parameters 
between the groups. The level of statistical significance was set at 
a p-value of <0.05.

Ethical Consideration

The protocol of the present study was designed to be in compliance 
with the 1964 Declaration of Helsinki. The study was initiated, and 
data collection began after approval was granted by the Ethics 
Committee of the Dokuz Eylül University Faculty of Medicine, 
Non-Interventional Research Ethics Committee (approval number: 
2018/09-24). Informed consent was obtained from all parents 
enrolled in the study.

RESULTS

Demographic and Clinical Features

Included in the study were 32 patients with classical PKU 
diagnosed during newborn screening. The median age at the time 
of diagnosis was 10 days (range: 2-16 days), and all diagnoses 
were made based on biochemical and genetic analyses (Phe 
>1200 μmol/L for all). The mean age of the patients was 11.5±4.3 
years, and 14 (44%) were female and 18 (56%) were male.  All of 
the patients had been on a strict low-Phe diet since the newborn 
period (10 g/day of natural protein), and all were receiving Phe-
free L-amino acid supplements in 3-4 servings/day. The mean 
plasma Phe level over the previous year was 732.4±339.0 µmol/L 
in all patients. Demographic characteristics of the 32 caregivers 
are presented in Table 1.

Family Dietary Patterns

The meals were prepared together by the mother and father in 
one family, while the mother was the only person preparing the 
meals in all other families. Considering the eating habits of the 
families, only low-protein meals were prepared at home for the 2 
patients with PKU who had no siblings and who were living only 
with their parents, and all members of these 2 (6%) families were 
undergoing Phe-restricted diet therapy. The mean Phe level over 
the last year was 351.1±68.3 µmol/L and 308.7±52.2 µmol/L in 
the children with PKU of these 2 families, and the Phe level of 
these 2 patients with PKU never exceeded 600 µmol/L. In 26 (81%) 
families, the parents prepared separate meals for the patient 
with PKU and for the other family members every day, and these 
patients had a mean Phe level of 744.5±332.9 µmol/L. Four (12%) 
parents were not preparing Phe-restricted diet meals at home. 
Low-Phe foods were given to the patient with PKU from the same 
table, while protein-rich foods were shared among other family 
members. These patients had a mean Phe level of 859.6±520.6 
µmol/L. When the 3 eating habits were compared, no statistically 
significant difference could be established in the respective Phe 
levels (p=0.086). Of the total, 3 (9%) patients with PKU did not eat 
their meals with their families, and did not sit at the same table, 
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and the mean Phe level of these 3 respondents was 889.8±351.1 
µmol/L. The children with PKU of 29 (91%) parents who shared 
the same table with other family members had a mean Phe level 
of 720.3±284.5 µmol/L (p=0.407).

When the content of the foods included in the meals of families 
with a patient with PKU was examined, 20 (62%) families 
consumed meat once a week or less, and the mean Phe level 
was 768.8±302.6 µmol/L in the children with PKU of this group, 
compared to 678.0±411.6 µmol/L in the children with PKU of 
families who consumed meat more often than once a week. An 
examination of vegetable consumption in the home revealed that 
19 (59%) families ate vegetables every day, and 8 (25%) families 
every other day. The mean Phe levels of the children with PKU in 

these families were 714.3±357.1 µmol/L and 835.4±332.9 µmol/L, 
respectively. Vegetables were consumed less frequently in 5 (16%) 
families, and the mean Phe level of the children with PKU in these 
families was 743.5±387.4 µmol/L.

Parental Dietary Regimen

When the parental dietary regimens were examined, 3 (9%) 
families described themselves as vegan and 1 (3%) as pescatarian. 
The children with PKU in these families had a mean Phe level 
of 429.8±115.0 µmol/L over the previous year. Among the total 
parent sample, 28 (88%) had no special dietary regimen, and 
the children with PKU in these families had a mean Phe level of 
774.8±345.4 µmol/L. The difference between the two groups was 
statistically insignificant (p=0.055).

Twenty-six (81%) were careful about the foods they consumed 
while eating with the patient with PKU, opting especially for foods 
that were low in Phe. The mean Phe level over the preceding year 
was 762.7±351.1 µmol/L in the children with PKU of the parents 
who were careful about the foods they consumed while eating 
with the patient with PKU, compared to 599.3±308.7 µmol/L in 
the children of the parents who paid no such attention (p=0.392).

Food Allergies

None of the parents had a history of food allergy.

DISCUSSION

The parents of patients with PKU pay attention to the foods they 
consume when eating in the presence of their children. Some 
parents prepare only Phe-restricted diet meals at home, meaning 
that all family members follow a protein-restricted diet. The mean 
Phe level is at the target value of <360 µmol/L specified in the 
PKU guidelines in patients with PKU of these parents. The Phe 
levels were lower in these families than in the other families, but 
statistical significance could not be obtained due to the small 
sample size. Some families opted not to share the same table with 
the patient with PKU and eat their meals at separate times or in a 
different room.

It has long been known that living with a child with a chronic 
condition imposes a psychosocial burden on families,4,5 and 
that lifelong diet therapy affects the quality of life of both the 
patient and the family.6 Parents believe that the preservation 
of neurocognitive functions in their children with PKU depends 
on successful dietary therapy7 and so families may change their 
lifestyles to fully comply with the diet therapy. After diagnosis, 
parents may change their employment attributes, preferring to 
work shorter hours, or quitting their job completely8 and social 
isolation is common in the families of a person with PKU.9 Most 
of the parents in the study opted to prepare separate meals for 
their children with PKU every day. Parents of patients with PKU 
spend an average of 3 hours a day preparing meals8 and struggle 
to find time for themselves. In the present study, the person 
who prepared the meals in the families of patients with PKU was 

Table 1. Socio-demographic data of 32 phenylketonuria 
caregivers

Caregivers

n (%)

Sex

Female 20 (62)

Male 12 (37)

Age (years)

Mean ± SD 40.0±8.2

20-29 2 (6)

30-39 18 (56)

40-49 6 (19)

50-59 6 (19)

Domicile 

Town 18 (56)

Village 9 (28)

Rural 5 (15)

Educational 

Elementary/occupational school 26 (81)

Upper secondary school 4 (12)

University 2 (6)

Number of children

1 3 (9)

2 15 (47)

3 10 (31)

≥4 4 (13)

Household, n (%)

≤4 17 (53)

>4 15 (47)

Employment status

Full-time or part-time work 7 (22)

Unemployed 25 (78)
SD: Standard deviation
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usually the mother. Mothers work harder than fathers, and the 
daily lives of mothers of patients with classical PKU is affected to 
a greater degree than the fathers, and mothers also experience 
more anxiety and depression.10

Different diets evoke different feelings in patients with PKU. 
Especially during the adolescence, 30% of patients feel shame 
at not being able to consume all types of food, and their parents 
experience similar feelings.11 Parents who worry that their children 
may feel different because of the PKU diet are in a constant 
struggle.7 When preparing meals for their children with PKU, they 
try to make meals that are similar to what the other members of 
the family are eating. They may also modify their lifestyles such 
as by not consuming foods that are rich in Phe and not going to 
restaurants.7,9 In addition to these strategies, it was reveled in the 
present study that most parents imitated their children with PKU 
in their food preferences.

When the Phe values were examined according to the frequency 
of consumption of meat and vegetables in the meals of the 
families, no statistical difference was found. Phe level in the 
patients with PKU of families who consumed vegetables every 
day was detected slightly less than patients with PKU in families 
who consumed vegetables every other day or less frequently. 
However, Phe values were unexpectedly slightly lower in families 
that consumed meat more frequently than in other families. Many 
factors including small sample size in this study, socio-economic 
levels of families, diet adherence of patients with PKU, etc might 
cause this contradictory result.

It was a well-known fact that the food preferences of parents 
influenced those of their children,12,13 although in the present 
study it was noted that the parents adjusted their food preferences 
to suit those of the child with PKU in the family. Although the food 
preferences and food neophobias in the families of patients with 
PKU were found to have only a limited effect on the children’s 
eating habits,14 the Phe levels were under control in the 2 
families who followed a Phe-restricted diet as a family. When the 
parents opted a Phe-restricted diet, such as pescatarian, vegan or 
vegetarian regimens, their children with PKU had lower Phe levels 
than other individuals.

Study Limitations

There were certain limitations in our study, the most significant of 
which was the small sample size. Another limitation was that the 
eating habits of the sample were not compared with those with 
family members with healthy children. A study investigating the 
eating habits of all family members may be helpful in making a 
clear assessment of the different eating habits within the family.

CONCLUSION

Living with a patient with classical PKU places a considerable 
burden on the parents, affecting many different areas. While diet 
is a vital element in PKU treatment, it may also affect the dietary 

patterns of the child’s parents. Large-scale studies are needed to 
identify the physical, social and psychological effects of parents’ 
dietary habits on patients with classical PKU. 
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INTRODUCTION

The Taxonomy Committee of the International Association for the 
Study of Pain (IASP) defines pain as “an unpleasant sensory and 
emotional experience associated with actual or potential tissue 
damage or described in terms of such damage”.1-3 Assessment of 
pain takes an individual’s age and physical, psychological, social, and 
environmental factors into consideration.2,4 The major problem in 
the assessment of pain in children is an imprecise verbal account 
of pain experienced by children due to inadequate language 
development.3 Untreated pain leads to biological, psychological, 

social, developmental, and behavioral problems in children.4 The 
first step in pain management is clarifying the level, severity, and 
location of the pain. Many pain scales [visual analog scales (VAS), 
“Face, Legs, Activity, Cry, Consolability”, Wong-Baker] are applied 
to obtain the presence of pain. These scales are used according 
to age, responsiveness, medical diagnosis, and treatment of the 
child and can be effectively used to make pain concrete. After 
defining the pain level with scales, the next step is to relieve the 
pain or reduce its severity. At this stage, pharmacological and non-
pharmacological methods can be used alone or in combination. 
While analgesics are the most preferred pharmacological method, 
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ABSTRACT

Objective: With a child’s less developed ability to express oneself when compared to adults, it is a more challenging task to manage pain in children. Nurses, 
as those who spend the most time with patients, need to have sufficient knowledge about assessing and managing pain in children. The aim of this study is 
to determine the knowledge and pediatric practices of nurses working in pediatric clinics on pain management in children.

Methods: This descriptive study was completed with 134 nurses. Study data were captured through using a questionnaire drafted, and rearranged in line with 
specialist advice, by the researchers. Data were electronically evaluated with percentage, Kruskal-Wallis H and Mann-Whitney U tests using analysis system.

Results: It was determined that 81.3% of nurses had not been trained on pain management in children. It was established that nurses preferred pharmacological 
methods to non-pharmacological, that 54.5% of them used a combination of pharmacological and non-pharmacological methods to relieve pain in children, 
and that 16.4% mentioned difficulty in pain management due to lack of time. Nurses’ knowledge of pain management was found to be slightly above the 
average (maximum 22 points; median ± standard deviation=16.50±2.74; minimum-maximum: 9-21).

Conclusion: The study established that nurses’ level of knowledge about pain management was inadequate, that nurses encountered various challenges 
in pain management arising from the workplace setting, and that rate of use of non-pharmacological pain treatment methods, an independent function of 
nursing, is significantly low.
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many non-pharmacological methods including distraction, 
massage, and oral sucrose can also be preferred.3,5,6

Effective pain management takes correct information, attitude, 
appraisal, and therapeutic intervention skills.7 There are several 
aspects differentiating nurses in pain management from other 
medical staff members: prolonged interaction with the patient; 
early awareness of pain; observation of patient’s previous pain 
experience and methods to cope with pain; implementation of 
planned treatment and observation of effects and results of such 
treatment; guidance and support to a family with an empathetic 
approach.2,8

While pain is sometimes an indicator of an existing problem, it 
sometimes becomes an aggravating factor for this problem. 
Therefore, it should be detected, evaluated, and remedied as 
early as possible. Relieving the pain of a child is one of the most 
familiar issues for pediatric nurses. Nurses should know every 
stage of pain management within the scope of care and should 
relieve pain. When the literature is evaluated, it is seen that there 
are many studies on the knowledge of pain management of nurses 
and that these studies examine the pain infornation of nurses and 
the methods they use to relieve pain.2,3,9,10 Despite many studies, 
there is still insufficient information on pain management, and the 
origin of these deficiencies is wondered.1,3,8,9 In the light of this 
information, we aimed to determine the knowledge and practices 
of nurses working in pediatric clinics on pain management in 
children.

Study Questions

What is the level of knowledge of pediatric nurses about pain 
management in children?

What is the rate of pediatric nurses knowing and using pain 
assessment tools in children?

Which methods do pediatric nurses use in children’s pain 
management?

MATERIALS and METHODS

Study Design

This descriptive study was conducted in all private, state, and 
university hospitals in a city.

Participants

The research population consisted of 184 nurses working in 
pediatric clinics in all hospitals in a city. In the sample calculation, it 
was concluded that 123 nurses should be reached with a sampling 
error of ±0.05 and a 95% confidence interval. One nurse could not 
participate in the study because she was on unpaid leave, and 
one nurse was in the military. The study was completed with 134 
nurses who met the inclusion criteria.

The study was carried out in one university hospital, one maternity 
and children’s hospital, one training and research hospital, eight 
state hospitals, and four private hospitals. The participants of 

this study were pediatric nurses working in pediatrics, pediatric 
surgery, pediatric emergency, pediatric intensive care, and 
neonatal intensive care units of these hospitals.

Data Collection Tools

In the collection of data, a data collection form consisting of,1,10-

14 62 open and closed-ended questions prepared in line with the 
literature was used. The questionnaire consisted of 3 sections, 
the first of which contained 16 questions to solicit information 
on nurses’ socio-demographic characteristics, professional 
status, and experience. The second of which contained 24 
questions concerning nurses’ practices aiming to manage pain 
and factors affecting these practices. The third section consisted 
of 22 questions prepared to assess nurses’ level of knowledge 
about pain management. This section was sent to 5 specialists in 
pediatric nursing in terms of content and relevance. An evaluation 
form, in which the appropriateness of each question item, and the 
opinions and comments could be included, was used to obtain 
expert opinions about the applicability of the survey questions. 
The questions were revised in line with the information obtained. 
Nurses giving correct answers to all the questions in this section 
scored 22. Data were collected through interviews conducted by 
the researcher with nurses in person.

Statistical Analysis

Data gathered in the study were analyzed using Statistical 
Package for the Social Sciences version 18 software program 
(IBM Company). While the median and standard deviation values 
were calculated in the analysis of continuous data, numbers and 
percentages were calculated in the analysis of categorical data 
such as age and gender. In the comparison of pain knowledge 
score and descriptive information, non-parametric tests were 
used by looking at the normality distribution. Mann-Whitney U 
test was performed to compare the pediatric willingness to work 
in the clinic and institution variables with pain management 
knowledge. The Kruskal-Wallis test was used to compare the 
working style and hours, and the knowledge of pain management 
of the nurses. Findings were evaluated at a confidence interval of 
95% and a significance level of p<0.05.

Ethical Considerations

Before the study, written approval was obtained from the provincial 
health directorate and the directorates of the hospitals where 
the study would be conducted, and the local ethics committee 
approval was obtained from Kocaeli University Clinical Research 
Ethic Committee (approval number: KAEK 12/1, date: 20.10.2011). 
Because only one hospital had a local ethics committee among 
all hospitals included in the study, ethics committee approval was 
obtained from this committee. Before the study, the participants 
were informed about the study, and the written and verbal 
consents were obtained.
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RESULTS

Information on the introductry characteristics of nurses is given in 
Table 1. It was found that 51.5% of the nurses were undergraduate 
graduates, most of the nurses had less than 5 years of nursing 
experience and the duration of experience in the pediatric clinic was 
less than 1 year. While 84.3% of the nurses worked in shifts, 74.6% 
stated that they did not choose to work in the pediatric clinic, and 
68.7% were satisfied with working in the pediatric clinic. However, 
it was determined that more than half of them did not follow 
professional publications and did not attend scientific meetings.

It was defined that 18.7% of the nurses had previously received 
training on pain management in children, and about half of them 
did not record the presence of pain in the patient file. Information 
on nurses’ knowledge and use of the pediatric pain scale is given in 
Table 2. It was found that 33.3% used distraction, 28.3% used hot/
cold dressing, and 11.7% used massage as a non-pharmacological 
method. Relaxation techniques, kangaroo care, repositioning, 
landscaping, pacifier use, and individualized care were other 
methods used. Nurses reported that 16.4% did not practice 
non-pharmacological methods due to lack of time, 9.6% due to 
communication problems with the patient and their relatives, 
and 9% due to communication problems with the team.Nearly 
half of the nurses reported that they needed information on pain 
assessment and management and 13.4% on non-pharmacological 
methods. The median value of the pain scores of the nurses was 
16±2.74 [minimum (min)-maximum (max); 9-21] points (Table 3).

While 89.5% of the nurses reported that they did not know that 
pain is a vital sign; 29% stated that they accepted the presence 
of pain if the child and their parents reported pain. While 28% 
reported that newborns/infants perceived pain, 40% stated that 
the child’s pain is not always a symptom of the disease. When 
the knowledge levels of nurses on pain management were 
evaluated, it was determined that the knowledge scores of the 

nurses working in university [16.70±1.64 (min-max; 13-20)] 
and state hospitals [15.47±3.19 (min-max; 9-21)] were higher 
than the nurses working in private hospitals [16.12±2.94 (min-
max; 11-21)], and the difference was statistically significant 
(p=0.03). When the nurses’ work patterns and pain management 
knowledge scores were compared, it was found that the scores 
of those who worked during the daytime were higher, but there 
was no statistical difference between them (p>0.05). While the 
pain management knowledge scores of nurses who worked 40-
48 hours a week [16.72±2.16 (min-max; 11-21)] were higher than 
those who worked for 48 hours and above a week [15.39±3.07 
(min-max; 9-21)], a statistical difference was found between 
working time and pain management knowledge scores (p=0.01). 

Table 1. Socio-demographic characteristics of nurses (n=134)

Characteristics Groups  n %

Age

20-24 years 64 47.8

25-29 years 36 26.8

30-34 years 23 17.2

35 years and older 11 8.2

Gender
Male 6 4.5

Female 128 95.5

Marital status
Married 69 51.5

Single 65 48.5

Having a child
Yes 45 33.6

No 89 66.4

Level of education

High school 38 28.4

Associate degree 27 20.1

Undergraduate 69 51.5

Total 134 100

Table 2. Nurses’ awareness and use of a pediatric pain 
assessment scale

Characteristics n %

Awareness of 
any assessment 
scale

Yes 56 41.8

No 78 58.2

Known 
assessment 
scales*

VAS 24 18

Wong-Baker 32 23.8

Use of any 
assessment scale 
at the clinic

Yes 40 29.8

No 94 70.2

Assessment 
scales used at 
the clinic*

VAS 7 5.2

FLACC 3 2.2

Wong-Baker 30 22.4

Personal use of 
any assessment 
scale

Yes 19 14.2

No 115 85.8

Assessment 
scales personally 
used*

VAS 3 2.2

Wong-Baker 16 12

Interventions of 
nurses to relieve 
pain

Pharmacological practices 48 35.8

Non-pharmacological practices 13 9.7

Pharmacological and non-
pharmacological practices 73 54.5

*Those refraining from answering relevant questions were not considered
VAS: Visual analogue scale, FLACC: Face, Legs, Activity, Cry, Consolability

Table 3. Distribution of nurses’ median scores of pain 
management knowledge

Level of knowledge about 
pain management

Number 
of items

Correct
Min - Max

n %

General pain knowledge 6 14 10.4 1-6

Pain assessment 12 11 8.2 4-12

Pain treatment 4 26 19.4 0-4

Total 22 51 38 9-21
Min: Minimum, Max: Maximum
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When the nurses’ willingness to work in the pediatric clinic and 
their pain management knowledge scores were examined, it was 
determined that the knowledge scores of those who wanted to 
work in the pediatric clinic were higher and there was no statistical 
difference between them (p>0.05) (Table 4).

DISCUSSION

Effective and comprehensive implementation of pain management 
can be achieved by adding the experience of nurses in the clinics 
they work after graduation, on top of the theoretical knowledge 
they received during their undergraduate education. No matter 
how comprehensive the theoretical knowledge is, the place of 
clinical skills and postgraduate scientific studies and courses is 
undeniable. In line with the information obtained from this study 
and the literature, it is concluded that pain management in school 
and after working life is not emphasized enough.7,10,11,15-18

Besides the factors related to nurses, the institution, institution 
policies, the satisfaction of the nurses from the clinics they work, 
the communication within the team, the working order, and 
the weekly working hours can also affect pain management in 
clinics.1,6,19

To increase knowledge and be aware of current practices during 
the clinical study in pain management, the continuation of 
scientific publications, meetings, and training should be ensured. 
In our study, it was seen that a small part of the nurses received 
pain management training, and in line with the other data 
obtained, it was suggested that the working population could not 
provide a comprehensive and effective management process in 
pain management.

When pain management is considered, detection of pain presence, 
determination of pain level, relieving pain with pharmacological 
and non-pharmacological methods, and recording pain by regular 
follow-up are the most prominent steps in pain management.3,8,13

Accepting the presence of pain and determining the level of pain 
are the main principles in pain management. Scales are used to 

determine the level of pain.20 While 67.9% of nurses considered 
themselves competent in pain management, when asked if they 
knew of a pain assessment scale, 58.2% answered negatively. Pain 
assessment scales provide nurses with convenience in appraising 
pain.3,14 It was found that very few of the nurses knew and used 
pain assessment scales in our study. The procedures adopted by 
the institution also play a role in the use of pain assessment scales 
as well as the personal approach of nurses. Study findings led us 
to the conclusion that nurses neglected to use pain assessment 
scales, and that usage of scales was not widespread across clinics 
(29.8%) or enforced through protocols. One study reported that 
pain management should be included in in-hospital procedures 
and standard pain management protocols should be established.3 
Thus, the pain will become a visible and tangible notion.21

As a result of numerous studies conducted, several pain 
assessments scales have been developed taking the age of the 
patient and involved clinic into consideration and made available 
for use after necessary validity/reliability tests.4,5,10 However, the 
fact that enrolled nurses were aware of only two pain assessment 
scales (VAS and Wong-Baker) was an indication of the education 
gap or difficulties experienced by nurses in accessing conducted 
studies. The best-known tools for assessing pain are Wong-
Baker and VAS. These scales have been used for many years and 
are reliable, effective, and easy-to-use scales. Similarly, several 
studies conducted in the country also reported that nurses were 
not using any pain assessment scales.6,21,10 In the present study, 
we interviewed with nurses from all hospital groups (private, 
state, university), and the level of knowledge of nurses working 
at university hospitals about pain management was found to be 
significantly higher than that of nurses working at other hospitals. 
This result, like the Finnish example,2 is the expected outgrowth 
of the fact that nurses working at university hospitals are more 
knowledgeable than nurses from other hospitals as university 
hospitals in the country are primarily research- and education-
oriented hospitals. In the studies that the knowledge of nursing 
students about pain management and non-pharmacological 
practices was examined, it was reported that their knowledge level 

Table 4. Comparison of nurses’ working conditions and their level of knowledge

Working conditions n (%)
Level of knowledge about pain 
management

Min - Max Test value/p

Institution
University hospital
State hospital
Private hospital

49 (36.6)
69 (51.5)
16 (11.9)

13-20
9-21
11-20

3,429*/0.03

Working order
Consistently daytime
By shifts

21 (15.7)
113 (84.3)

12-20
9-21

1.400*/2.37

Working hours (/a week)
40 to 48 hours
48 hours and above

65 (48.5)
69 (51.5)

11-21
9-21

-2,569**/0.01

Whether employment with pediatric clinic 
is voluntary

Yes
No

34 (25.4)
100 (74.6)

12-21
9-21

-1.316**/0.188

*Kruskal-Wallis test, **Mann-Whitney U test, Min: Minimum, Max: Maximum
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was not sufficient.19 This result also confirmed that neither nursing 
students nor graduate nurses were sufficiently knowledgeable 
about the implementation of non-pharmacological interventions 
or knew that interventions which they implemented might be 
considered as non-pharmacological interventions similar to the 
results of the present study. When we look at the studies on pain 
management with nurses in the literature, although there are 
many studies in which pain is addressed, it is seen that the level of 
knowledge is still not sufficient.3,11,13 In many studies conducted, 
non-pharmacological methods were reported to be effective in 
mitigating pain.15,16,21 In our study, and other studies, it was seen 
that nurses knew pharmacological practices.2,3,8,9 In our study, 
it was found that nurses were aware of non-pharmacological 
methods which had independent functions in pain management. 
Nurses cannot carry out non-pharmacological practices effectively 
because of personal factors and working conditions. The findings 
we obtained were similar to the literature.6,16

While the clinical use of pain as the fifth vital sign was included in 
the literature, it was seen in our study that the number of nurses 
who accepted pain as a vital sign was low. Although the frequency 
of studies on this subject increased, it was seen that nurses still did 
not know the routine evaluation of pain.21 In our study, the pain 
scores of the nurses were found to be above the median value, 
while it was reported to be in average values   in other studies.6,20 

This result might be a consequence of the facilitation of access by 
nurses to information in the period from the former study to date 
and frequent emphasis put on pain in recent years. Elimination of 
pain is a human right, and the pain of a patient should be relieved 
or mitigated to an acceptable level, regardless of the age of the 
patient. Especially, children should not be expected or required 
to endure pain.1,3,6,10 The intermediate knowledge level of nurses 
about the treatment of pain in the present study leads us to the 
conclusion that the knowledge deficiency of nurses is not only 
about assessment but also about the treatment of pain in children.

Study Limitations

The main limitation of the research was that the population 
and sample of the research are only pediatric nurses working in 
hospitals located in a city constituted the population and sample 
of the research. The findings of the study were limited to the 
scope of the data collection form used and the answers given by 
the nurses in the sample group.

CONCLUSION

It was concluded that the knowledge level of nurses on pain 
management was moderate. It was determined that even if the 
nurses did not receive training on pain management, they used 
pain assessment scales and non-pharmacological applications to 
a small extent in the units they worked. It was concluded that the 
biggest obstacle to the nurses’ inability to concentrate on pain 
management was the lack of time. Nurses should provide care 
for children experiencing pain based on scientific facts. To active 
this, we concluded that pain should be cited among routine vital 

signs in hospital protocols, and that nurses’ knowledge of pain 
management should be consolidated through training.
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INTRODUCTION

Growth hormone deficiency (GHD) is a significant cause of 
short stature, seen in approximately 1/4,000 to 1/10,000 of the 
patients.1,2 Isolated GHD (IGHD) can be defined as the deficiency 
of GH that is independent of other pituitary hormone deficiencies 
and the presence of an organic lesion.3 GHD can be either 
congenital or acquired, while the height and weight of patients 

at birth are in the normal range. The children with GHD are 
expected to have regular growth during the first six months, while 
the growth slows down later in life. A proportionally short height 
ensues and the weight increases relative to the height, leading to 
delayed bone age.2

Treatment of GHD involves the use of biosynthetic human growth 
hormone produced by recombinant gene technologies (rhGH). The 
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Objective: A small number of studies were reported regarding the direct and indirect effects of growth hormone (GH) and insulin-like growth factor-1 (IGF-1) 
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parameters before and after the GHT were recorded. The statistical analyses were made using SPSS v.20 Package Program, and the significance level was 
accepted as p<0.05.

Results: A total of 37% (n=23) of the 62 patients that were included in the study were female, and 63% (n=39) were male. It was determined that the age of 
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rhGH is safely used with very rare side effects. Growth hormone 
has been shown to have metabolic effects related to several 
systems besides its effects on height. Carbohydrate, fat, and 
protein metabolisms are adversely affected, body composition 
deteriorates, bone health is adversely affected, quality of life 
decreases, and cardiovascular morbidity increases in GHD.4,5

It is known that GH and insulin-like growth factor-1 (IGF-1) have 
effects on the hematopoietic system. GH and IGF-1 regulate 
hematopoiesis and cytokine production via bone marrow. 
GH plays a role in platelet production and differentiation. GH 
contributes to the regulation of erythropoiesis by increasing 
renal erythropoietin (EPO) production. It has been shown that 
erythropoiesis is slowed down due to GHD in hypophysectomized 
rats, recombinant GH treatment leads to an increase in EPO and 
stimulation of erythropoiesis, and GH increases IGF-1, which 
directly and indirectly stimulates erythropoiesis.4,6

There are few studies on the effect of long-term GH therapy on 
hematological parameters. This study aimed to investigate the 
changes in auxological and hematological parameters of patients 
who received GHT for IGHD.

MATERIALS and METHODS

Study Design

In this retrospective cross-sectional study, STROBE guideline was 
used for reporting purposes.7 The study protocol was approved 
by the Local Ethics Committee at University of Health Sciences 
Turkey, Erzurum Regional Training and Research Hospital (IRB 
number: 2019/07-60, date: 15.04.2019).

Setting and Participants 

The study was conducted in the Pediatric Endocrinology outpatient 
clinics between May 2013 and May 2019.

Out of the 187 patients, who presented with short stature to 
the center during the study period, 62 patients with IGHD, who 
received recombinant GH treatment for at least two years and 
attended regular follow-up visits, were included in the study. 
The exclusion criteria of the study were the presence of other 
endocrine or chronic diseases (n=1), receiving therapy with B12 
or iron for anemia (n=2), and use of non-GH therapeutics with 
potential effects on hematological parameters (n=1) (Figure 1).

The IGHD is defined as a condition of GHD not associated with 
any organic lesion and also other pituitary hormone deficiencies.8

Variables

The demographic and clinical data were obtained from patient files 
such as age, sex, height and weight of the patients. The primary 
outcome of the study was set as the blood hemoglobin (Hb) level. 
Other variables investigated were the age, gender, height at the 
time of diagnosis, weight, standard deviation scores (SDS), annual 
growth rate after GH treatment, white blood cell count (WBC), 
total lymphocyte count (LYM), absolute neutrophil count (NEU), 

hematocrit (HCT), erythrocyte count (RBC), erythrocyte red cell 
distribution width (RDW), erythrocyte mean corpuscular volume 
(MCV), platelet count (PLT), mean platelet volume (MPV), and IGF-
1 levels. The hematological parameters included in the complete 
blood count were measured via a Sysmex XN-1000 device (Sysmex 
Ltd, Turkey) using the WNR, WDF, RET, DCL, SLS, and PLT kits.

Anthropometric measurements were performed using a calibrated 
device (Seca, 216, Hamburg, Germany) that measured weight and 
height in ±100 gram and ±0.1 cm sensitivity SDs. Growth charts for 
Turkish children prepared by Neyzi et al.9 were used to evaluate 
height, weight, and SDS.

The patients were subcutaneously administered with 0.025-0.035 
mg/kg/day recombinant biosynthetic GHT in the evenings.10 The 
values obtained at the onset of the therapy were compared with 
those in the 6th, 12th, 18th, and 24th months after the start of the 
GHT.

Study Size

The sample size was calculated based on the primary outcome, Hb 
level, using the GPower program.11 Considering the effect size as 
0.15 (small), α error as 0.05, power as 85%, the number of groups 
as 1, the number of repeated measurements as 5, correlations 
among repeated measures as 0.5, and non-sphericity correction 
as 1, a total of 61 participants were determined for inclusion in 
the study group.

Statistical Analysis

Data were analyzed using the Statistical Package for the Social 
Sciences (SPSS) (SPSS for Windows, Version 20.0, Chicago, IC, 
USA). Results were presented as mean, SD, median, minimum, 
maximum, percentage, and numbers. The normal distribution 
of continuous variables was examined with the Shapiro-Wilk 
test. When the normal distribution could not be met for some 

Figure 1. Participant flow diagram
IGHD: Isolated growth hormone deficiency
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variables, the Friedman test was used to compare more than 
two dependent group variables. The threshold for statistical 
significance was accepted as p<0.05.

RESULTS

Of the 62 patients included in the study, 37% (n=23) were female 
and 63% (n=39) were male. The age at the time of diagnosis 
ranged between 2 and 16 years, with a median of 10.8 years (9.9 
for girls, 11.3 for boys).

The auxological and hematological parameters of all patients 
before and after GHT and the results of different gender groups 
are shown in Table 1, Table 2, and Table 3.

DISCUSSION

Our study showed that there were significant changes in some 
of the hematological parameters of patients with idiopathic GHD 
after two years of GHT and follow-up compared to the baseline. 
It is known that the GH/IGF-1 axis has a role in the regulation of 
hematopoiesis. The facts that erythropoiesis is impaired in adults 
with GHD, and Hb and hematopoietic precursor cells increase 
after the GHT also support this relationship.12,13

It was found that the mean Hb values of the patients in our study 
increased significantly after the treatment compared to the 
baseline. Kawa et al.14 compared the hematological parameters of 
patients receiving GHT at baseline and in the 3rd and 6th months 

Table 1. Comparison of the repeated measurements in all patients (n=62)

   
Baseline
Mean ± SD

6th month
Mean ± SD

12th month
Mean ± SD

18th month
Mean ± SD

24th month
Mean ± SD

p

Height SDS -2.96±1.03 -2.66±1.07 -2.43±1.05 -2.22±1.10 -2.14±1.05 <0.001
Weight SDS -2.10±1.38 -2.07±1.33 -1.96±1.37 -1.85±1.34 -1.80±1.35 0.003
Hb (g/dL) 13.74±1.18 13.89±1.07 13.96±1.19 14.61±3.65 14.17±1.21 <0.001
HCT (%) 41.00±3.30 42.01±3.26 42.25±3.30 42.04±4.76 42.32±3.14 0.006
RBC (1012/L) 5.03±0.98; 5.17±0.42. 5.20±0.44; 5.19±0.39; 5.31±0.69; 0.028
MCV (fL) 79.98±3.98 80.88±4.18 80.47±4.20 80.92±4.15 80.99±4.08 0.046
RDW (%) 12.54±1.54 12.18±1.03 12.20±1.12 12.50±1.14 12.70±1.10 0.005
PLT (109/L) 319.48±84.93 344.05±97.94 333.24±88.49 323.15±71.95 317.52±74.03 0.001
MPV (fL) 7.42±1.75 7.69±1.98 8.29±1.96 9.58±7.38 8.94±1.74 <0.001
WBC (109/L) 9.02±3.25 8.57±2.30 8.22±3.14 7.94±2.50 7.46±1.85 <0.001
LYM (109/L) 3.12±1.01 3.10±0.97 2.96±0.96 2.95±1.08 2.79±0.79 0.023
NEU (109/L) 5.12±3.29 4.80±2.46 4.26±2.72 4.11±2.35 4.28±2.06 0.035
SD: Standard deviation, SDS: SD scores, HCT: Hematocrit, RBC: Erythrocyte count, MCV: Mean corpuscular volume, RDW: Red cell distribution width, PLT: Platelet count, 
MPV: Mean platelet volume, WBC: White blood cell, LYM: Lymphocyte count, NEU: Neutrophil count

Table 2. Comparison of the repeated measurements in males (n=39)

Baseline
Mean ± SD

6th month
Mean ± SD

12th month
Mean ± SD

18th month
Mean ± SD

24th month
Mean ± SD

p

Height SDS -2.93±1.1 -2.61±1.11 -2.37±1.05 -2.19±1.09 -2.13±1.03 <0.001
Weight SDS -2.22±1.38 -2.14±1.36 -2.05±1.37 -1.94±1.35 -1.91±1.36 0.035
Hb (g/dL) 13.71±1.11 13.85±1.11 14±1.26 14.24±1.12 14.35±1.2 <0.001
HCT (%) 40.96±3.28 41.94±3.36 42.71±3.54 42.85±3.15 43.02±3.17 <0.001
RBC (1012/L) 5.12±0.98 5.24±0.38 5.32±0.41 5.25±0.39 5.48±0.77 0.014
MCV (fL) 79.48±3.84 79.9±4.24 79.61±4.25 80.2±4.35 80.73±4.19 0.065
RDW (%) 12.63±1.61 12.32±1.13 12.33±1.1 12.66±1.23 12.69±1.11 0.171
PLT (109/L) 297.87±84.66 326.43±97.67 321.25±95.26 310.02±69.57 297.07±70.33 0.001
MPV (fL) 7.72±1.71 7.99±1.9 8.3±1.92 8.61±1.82 9.03±1.75 0.262
WBC (109/L) 9.08±3.43 8.74±2.47 8.27±3.36 8.04±2.55 7.2±1.45 <0.001
LYM (109/L) 3.05±0.97 3.13±0.99 2.93±0.92 3.08±1.02 2.88±0.65 0.359

NEU (109/L)
5.05±2.99;
4.4 (1.75-17.3)

4.74±2.41;
4.01 (1.8-12.1)

4.07±2.65;
3.4 (1.33-18)

3.64±1.39;
3.5 (1.37-8.8)

4.06±1.58;
3.8 (2-9.4)

0.044

SD: Standard deviation, SDS: SD scores, HCT: Hematocrit, RBC: Erythrocyte count, MCV: Mean corpuscular volume, RDW: Red cell distribution width, PLT: Platelet count, 
MPV: Mean platelet volume, WBC: White blood cell, LYM: Lymphocyte count, NEU: Neutrophil count
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of treatment and showed that GHT increased the erythroid cell 
line. Bergamaschi et al.15 found that GHT improved normochromic 
normocytic anemia in prepubertal children and patients receiving 
GHT in adulthood. Miniero et al.16 emphasized that among patients 
with idiopathic GHD, those with anemia before the GHT had a 
significant increase in Hb-SDS after 12 months of GHT, and normal 
Hb values were achieved in all of the children. It has also been 
mentioned that GH and IGF-1 directly modulate hematopoiesis 
through their proliferative and anti-apoptotic effects and indirectly 
through regulating cytokine production.17 Considering these 
studies together, the effect of GH on hematopoiesis is obvious, 
but its role in hematopoiesis and the mechanisms that keep the 
balance are still not clear.

It was found that the mean HCT and RBC of the patients in our study 
increased significantly after the GHT compared to the baseline. In 
a study by Esposito et al.18 12 patients with GHD were diagnosed 
as having normocytic anemia, and Hb, HCT, and RBC of these 
patients were found to increase in the first two years of GHT. They 
also showed that the anemia improved in all of these patients in 
the 5th year of their treatment. In our study, 2 patients were found 
to have anemia before the GHT, and their anemia improved after 
2 years of treatment, with a significant increase in RBC counts. 
Pankratova et al.19 emphasized that the RBC counts were lower 
in children with GHD before treatment, which increased after 12 
months of GHT.

The GHT indirectly increases Hb by increasing EPO production in 
the kidneys in the early period and by enhancing the effect of EPO 
at the receptor level. In addition, IGF-1 stimulates the maturation 
and proliferation of erythroid cell lines with an EPO-like effect by 
acting on its own receptors expressed on erythroid precursors. GH 
stimulates the production of IGF-1 by inducing the hematopoietic 
progenitor cells, and the increased IGF-1 stimulates erythropoiesis 
by inducing autocrine and paracrine effects in the hematopoietic 
system.14,15,20,21 One of the limitations of our study was that it 
was done retrospectively; therefore, the EPO levels could not 

be measured, and no data could be obtained to evaluate this 
relationship. The fact that there was an increase in Hb, HCT, RBC, 
RDW, and MCV, which were among the parameters related to 
the erythroid cell line, after the GHT compared to the baseline 
supported the hypothesis that GHT stimulated erythropoiesis.

With regard to the platelet parameters, it was found that platelet 
values were not at levels that would be a risk factor for bleeding 
or thrombosis at the baseline or during the treatment, and the 
variations were not considered to be clinically significant. Xu et 
al.22 showed that GH positively affected platelet production and 
differentiation in vitro. Similar to our study, Esposito et al.18 did 
not detect a significant difference between the patient and control 
group in terms of PLTs before and after GHT. No effect of GHT has 
been shown on PLT in a small number of human studies.

In our study, it was found that the MPV increased significantly 
during the GHT compared to the baseline (p<0.001). There is 
no study in the literature examining the relationship between 
MPV and GHT. It was found that, in adults with acromegaly (with 
excess GH), MPV was higher before treatment compared to the 
control group, and MPV decreased with the decrease in GH levels 
after the treatment.23,24 This finding is consistent with those of 
our study, which can be explained by the fact that GH increases 
platelet activation.

In our study, WBC, lymphocyte, and NEUs were significantly lower 
at baseline compared to those after the treatment. No previous 
study has been found about the effects of GHT on the WBC, 
lymphocyte, and neutrophil levels and their functions in children 
with GHD. In studies evaluating the hematological parameters, 
it was reported that GH had no effect on leukocyte count.14,18, 

21 Positive effects of GHT have been demonstrated in children 
with GHD and phagocytic dysfunction.25 It has been stated that 
treatments aimed at reducing GH in patients with acromegaly 
can reduce NEUs. However, a clear distinction could not be made 
regarding whether this is due to the decrease in GH levels or a 
drug-related side effect.26

Table 3. Comparison of the repeated measurements in females (n=23)

Baseline
Mean ± SD

6th month
Mean ± SD

12th month
Mean ± SD

18th month
Mean ± SD

24th month
Mean ± SD

p

Height SDS -3±0.92 -2.73±1 -2.5±1.06 -2.27±1.12 -2.15±1.08 <0.001
Weight SDS -1.89±1.37 -1.95±1.29 -1.79±1.37 -1.67±1.34 -1.6±1.34 0.130
Hb (g/dL) 13.78±1.3 13.94±1.02 13.89±1.08 15.23±5.83 13.85±1.18 0.572
HCT (%) 41.07±3.38 42.13±3.15 41.46±2.74 40.66±6.52 41.12±2.76 0.254
RBC (1012/L) 4.87±0.97 5.02±0.44 4.99±0.41 5.07±0.37 5.01±0.39 0.525
MCV (fL) 80.82±4.15 82.52±3.59 81.92±3.74 82.13±3.54 81.4±3.92 0.157
RDW (%) 12.38±1.42 11.92±0.76 11.96±1.12 12.22±0.92 12.7±1.08 0.028
PLT (109/L) 356.13±73.41 373.91±92.93 353.56±73.12 345.39±71.9 352.17±68.24 0.670
MPV (fL) 6.9±1.71 7.16±2.03 8.27±2.06 11.2±11.86 8.79±1.75 <0.001
WBC (109/L) 8.91±2.96 8.27±20 8.13±2.79 7.76±2.45 7.9±2.34 0.242
LYM (109/L) 3.22±1.07 3.05±0.93 2.99±1.03 2.7±1.15 2.62±0.98 0.020
NEU (109/L) 5.24±3.81 4.89±2.57 4.58±2.86 4.88±3.29 4.65±2.68 0.640
SD: Standard deviation, SDS: SD scores, HCT: Hematocrit, RBC: Erythrocyte count, MCV: Mean corpuscular volume, RDW: Red cell distribution width, PLT: Platelet 
count, MPV: Mean platelet volume, WBC: White blood cell, LYM: Lymphocyte count, NEU: Neutrophil count
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In our study, WBC, lymphocyte, and NEUS were not below 
the limits in any of the patients at the baseline or during the 
2-year treatment and follow-up, and the differences did not 
lead to any clinically significant change. The fact that our study 
did not evaluate the functions of erythrocytes, leukocytes, and 
thrombocytes, although the effect of GHT on the level of these 
cells was investigated, was a limitation of our study.

CONCLUSION

In conclusion, no significant hematological abnormality was 
detected before GHT in idiopathic GHD. GHT was found to have 
erythropoiesis stimulatory effects. In addition, it was shown that 
GHT was associated with some clinically insignificant changes on 
platelet, WBC, lymphocyte, NEUs and MPV. We think that in vitro 
and molecular studies to explain these effects of GHD and GHT 
may help clarify the subject matter.
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INTRODUCTION

A refractory ophthalmological examination is extremely crucial 
for children aiming at an early diagnosis of likely refractive errors 
and potential eye disorders that might hinder a child’s normal 
growth. Cyclopentolate hydrochloride eye drops are commonly 
used as potential cycloplegic and mydriatic agents to assist in 
several refractive evaluations and are systemically absorbed 
from the conjunctiva as well as the nasal mucosa. Although rare, 
several side effects may develop as a result of inadequate dose 
individualization and excessive systemic absorption leading to the 
active ingredient’s unwanted bioavailability. Since intoxication 
symptoms appear 30 min after the drug’s administration, they 
usually persist for 4-8 hours and then resolve without significant 
sequelae,1 but certain patients may experience few symptoms 
like ataxia, dysarthria, disorientation, hallucination, euphoria, 
unreasonable laughter, agitation, increased motor activity, 
confusion, and delirium during this period.2 Herein, we describe 

an eight-year-old male child with central anticholinergic syndrome 
caused by an excessive dosage of cyclopentolate hydrochloride.

CASE REPORT

An eight-year-old male patient, without any previous systemic 
health issues, was referred to our pediatric emergency clinic 
with symptoms of disorganized speech, hallucinations, and 
periods of hyperactivity. After obtaining the patient’s medical 
history, it was revealed that the patient who previously wore 
glasses due to hyperopia, underwent an annual follow-up 
examination in an ophthalmology outpatient clinic that had 
prescribed cyclopentolate hydrochloride to create mydriasis 
half an hour before the examination. Additionally, his mother 
was also explained the entire drug dispensing procedure and 
thereby was asked to administer the eye drops to the patient, 
but due to a gross misunderstanding of the drug dosage, it was 
applied incorrectly as a repetition of one drop in each eye with 
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ABSTRACT

Cyclopentolate hydrochloride, belonging to a class of drugs known as anticholinergics, is an ophthalmic solution frequently used in ophthalmology clinics 
because of its cycloplegic and mydriatic effects in both refractions as well as fundus examinations. After application, the maximum cycloplegic effect begins 
approximately after 30-60 min, which can further continue up to 24 h. Due to a dose-dependent relationship, cyclopentolate hydrochloride’s side effects 
can be observed both in an ocular and systemic manner which may occur if solutions more than 0.5% concentration are used. Herein, we report central 
anticholinergic syndrome due to the administration of excessive amounts of cyclopentolate hydrochloride in a child.
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an interval of five minutes for approximately one hour until 
the examination time thus, a total of 12 drops was instilled in 
each eye. The patient visited our pediatric emergency clinic 
for a follow-up visit due to aggravated adverse symptoms 
including disorganized speech, hallucinations, and hyperactive 
periods, caused by copious drug administration. His vital signs 
were as follows: body temperature, 37.3 °C; blood pressure, 
110/60 mmHg; heart rate, 95 beats/minute; respiratory rate, 
20 breaths/minute; and oxygen saturation, 97% at room air. He 
had dry oral mucosa and a rash on his face with dilated pupils 
and a negative response to light reflex. Additionally, the patient 
also exhibited various symptoms like dysarthria, ataxic gait, 
disorientation of place, time and person, significantly increased 
motor activity as well as psychomotor agitation. It was observed 
that he was talking too fast in meaningless context accompanied 
by visual hallucinations and a lack of attention while other 
systemic and neurological physical examination findings 
were not detected. There was no history suggesting infection 
or fever, central nervous system infection, and no history 
suggesting electrolyte disturbances that may might occur due 
to fluid loss such as vomiting or/and diarrhea. The patient was 
monitored and followed up in the emergency department after 
considering the diagnosis of central anticholinergic syndrome 
due to excessive usage of cyclopentolate hydrochloride. Normal 
sinus rhythm was observed in the electrocardiogram while the 
blood pressure and heart rate evaluations were normal. All 
possible complications of mydriatic intoxication were properly 
monitored. As his symptoms returned to normal after 4 hours, 
he was discharged after 8 hours of follow-up.

DISCUSSION

In this case report, an eight-year-old boy diagnosed as 
having central anticholinergic syndrome following excessive 
cyclopentolate hydrochloride dosage as a mydriatic agent for 
a regular ophthalmic examination was presented. Abnormal 
examination findings found in the patient were dry oral mucosa, 
prolonged mydriatic state, lack of attention, increased motor 
activity, and visual hallucinations. 

Systemic side effects of cyclopentolate hydrochloride can 
be classified into two groups as neuropsychiatric and non-
neuropsychiatric. Non-neuropsychiatric side effects like 
hypertension, tachycardia, arrhythmia, respiratory distress, 
and tremors develop more frequently, while the most 
common neuropsychiatric side effects observed are ataxia, 
hallucinations, confusion, disorientation, meaningless speech 
and behaviors as well as psychomotor agitation. Sometimes 
an adverse effect known as acute toxic psychosis occurs very 
rarely in pediatric patients.3 Due to the widespread usage of 1% 
cyclopentolate hydrochloride solution as a cycloplegic agent 
for refractory examinations, it has been reported that several 
systemic side effects may occur while using solutions more than 
0.5% concentrations in the pediatric patient population4 due to 
the fact that children are extremely prone to systemic toxicity 
due to their lower body weight as well as the presence of an 

immature blood-brain barrier for drug metabolism. Moreover, 
as maximum side effects have been reported while using these 
drops in infants, therefore it is recommended that infants 
undergoing retinopathy of prematurity examination should be 
kept under observation for the next 24 h after the examination 
is carried out.5

Since the risk of side effects of cyclopentolate hydrochloride is 
greater at higher concentrations and doses, it can be observed 
that the side effects of cyclopentolate hydrochloride are not only 
dose-dependent but can also develop with routine drug usage 
at an appropriate concentration or dose.6 Nevertheless, it was 
also suggested that the incidence of side effects increased in 
those patients having a prior systemic disease;7 however, this was 
not applicable in our patient, as he exhibited many side effects 
without the presence of any systemic disease.

As there are no specific laboratory tests for the diagnosis of the 
central anticholinergic syndrome; some other drug intoxications 
such as opioids and benzodiazepines, respiratory disorders, 
fluid and electrolyte imbalances, hormonal imbalance as well 
as psychiatric illness could be considered in the differential 
diagnosis. In our patient, no laboratory tests were conducted 
due to a high suspicion of drug intoxication. Therefore, it was 
suggested that if the patient’s presenting symptoms did not 
improve or worsen during the follow-up, then necessary 
investigations would be carried out. Owing to the fact that other 
treatment modalities were only indicated when the symptoms 
of central anticholinergic syndrome either became subjectively 
evident or a life-threatening situation occurred as in our patient, 
our patient was provided symptomatic treatment which led 
to the improvement of the patient’s symptoms in about 4 
hours. To conclude, although cyclopentolate hydrochloride is a 
frequently used drug in ophthalmologic examinations, it also has 
some serious systemic side effects when given in inappropriate 
doses. Since unrestrained drug administration may cause an 
increase in the incidence of potential side effects, utmost care 
should be taken that the drug should always be administered 
by trained health personnel. As our case report highlighted the 
importance of correct usage of topical ophthalmic preparations 
in children, it also proved that although the side effects improved 
without the need for medical intervention, sometimes an early 
recognition of systemic toxicity symptoms as well as initiation 
of required interventions were essential for optimal recovery 
of patients. It is also recommended that during the application 
of such drugs, the nasolacrimal duct openings should be closed 
by pressing the eye’s inner corners with a finger to prevent the 
ophthalmic solution from leaking in the nose, passing through 
the nasolacrimal duct, and finally to the systemic circulation to 
avoid any adverse reactions.
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