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Abstract

Children with complex chronic conditions (CCC) are presumed to be vulnerable to adverse

drug reactions (ADRs). The clinical profiles of ADRs in CCC are not well known. Herein, we

aim to describe the ADR profiles in CCC with regard to typical presentations and vulnerable

groups. We accessed the ADR yearly reports at a tertiary children’s hospital whose practice

is mainly dedicated to CCC and descriptively analyzed their clinical profiles according to the

presence of a complex chronic condition, ADR severity, and age groups. A total of 1841

cases were analyzed, among which 1258 (68.3%) were mild, 493 (26.8%) moderate, and 90

(4.9%) cases were severe. A total of 1581 (85.9%) cases of complex chronic condition were

reported. The proportion of CCC in each severity group increased as the ADR becomes

more severe. In CCC, ADRs were most frequently reported by nurses in the adolescent

group and in cases where the symptoms involved the gastrointestinal system. The class of

antineoplastic and immunomodulating drugs was the most commonly suspected of causing

an ADR, followed by one of the antibiotics. When we focus on the trend across the age

groups, the ratio of severe-to-total ADRs decreased with older age. Among severe cases,

the ratio of off-label prescription-related cases was the highest in the infant/toddler group

and decreased as the groups aged. In conclusion, ADRs of CCCs admitted to a tertiary chil-

dren’s hospital have a unique profile. These groups are vulnerable to ADRs and thus they

should be monitored closely, especially when they are infants or toddlers, so that severe

ADRs can be identified and treated immediately.
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Introduction

Adverse drug reactions (ADRs) are defined as noxious and unintended responses to a medi-

cine [1]. Persistent ADR monitoring is indicated in medicine since the safety information col-

lected during clinical trials is not sufficient to predict all ADRs that may occur after use of a

medication [2]. Particularly, severe ADRs need to be intensively monitored as they can cause

permanent harm and even threaten the patient’s life; the need for intensive medical care could

potentially be avoided if the ADR is recognized immediately after its occurrence [3]. Hence,

clinicians need to be aware of the common types of ADRs and the management of serious

ADRs and should be vigilant upon their occurrence.

Pediatric complex chronic conditions are defined as any medical condition that can be rea-

sonably expected to last a minimum of 12 months (unless death intervenes) and to involve

either several different organ systems or 1 system severely enough to require specialty pediatric

care and often a period of hospitalization in a tertiary care center [4]. Children with complex

chronic conditions (CCC) usually have a diversity of conditions and multisystem diseases and

require multiple medications, multiple subspecialists, and sometimes off-label prescriptions

[5,6]. CCC are thought to be at risk for death and, for the reasons mentioned above, may be

vulnerable to ADRs during their hospitalization.

Although many studies have reported ADR profiles in children [7–16], data regarding

ADRs in CCC are scarce. In the present study, we assessed the clinical profiles of ADRs

reported at a single tertiary children’s hospital whose largest portion of practice is dedicated to

CCC by analyzing a database containing archives of ADR cases reported to a regional monitor-

ing center. We tried to recognize the clinical characteristics of ADRs with a special focus on

the underlying illnesses, CCCs, severe ADRs, and the most vulnerable subject groups.

Methods

To determine the clinical profiles of ADRs, we analyzed the yearly data on ADR cases sponta-

neously reported in the Seoul National University Children’s Hospital (SNUCH) [17]. This

institute is the only children’s hospital in Korea that covers not only all divisions of pediatrics

but also all pediatric divisions of medicine by dedicated medical staff, which enables the insti-

tute to function as the nationwide referral hospital. The ADR surveillance team of the SNUCH

was launched in June 2012 as a division of the Seoul National University Hospital and has

been reporting pediatric ADR cases to the regional pharmacovigilance center since that time.

In the present study, we accessed a set of de-identified data on ADRs from the 2014 data-

base, recorded from January 1 to December 31, 2014. To set up the working database, we

included cases reported by SNUCH and excluded cases reported from the outpatient depart-

ment. Subjects, even if under the age of 19, treated at the Seoul National University Hospital

but not in the SNUCH were excluded from the analysis. Conversely, subjects aged 19–25 years

who experienced ADRs during their admission at SNUCH for a rare underlying disease were

included in the analysis. All cases of ADRs during hospital admission were included even if

they were caused by a drug that was prescribed outside of the hospital, although cases were

excluded if detailed information regarding the drug name, time of administration, or dosage

was missing. The study protocol was approved by the institutional review board of Seoul

National University College of Medicine and Seoul National University Hospital (IRB No.

1508-058-694). Informed consent was waived by the institutional review board.

To interpret the results, we divided the cases according to age. We established the age

groups according to the criteria suggested by the Ministry of Food and Drug Safety at the

International Conference on Harmonisation [18] as follows: infants/toddlers (28 days to 23

months), preschoolers (2 to 5 years), children (6 to 11 years), adolescents (12 years to 18
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years), and adults (�19 years). Considering that the majority of patients aged�19 years are

admitted to the adult ward (out of the SNUCH), this age group was excluded from the age-

group specific sub-analyses. CCC were verified by applying the updated pediatric complex

chronic conditions classification system (CCC v2) to the subjects’ major diagnosis codes in the

International Classification of Disease 10th Revision (ICD-10) [19]. Patients’ oncology diseases

were verified by obtaining database-matched information on the subjects’ co-payment code

from an information service team in the hospital.

Since cases of ADRs are registered through the corresponding menu in the Electronic Med-

ical Records system of the hospital, the patients or caregivers are not allowed to submit ADR

reports by themselves; instead, they indirectly report ADRs by providing information to their

medical staff, i.e. attending nurses, instructing pharmacists, or physicians. Thus, only the doc-

tors, nurses, and pharmacists constitute the reporting sources.

The type of adverse reaction was classified based on the registered included terms of the

World Health Organization (WHO) Adverse Reaction Terminology codes [20] and the sus-

pected drugs were classified based on the Anatomical Therapeutic Chemical (ATC) code [21].

At this point, when multiple suspected drugs and adverse events were observed in a single

report, each of them was counted independently. In other words, when a case was listed with

two drugs and three symptoms, two cases were included in the drug-specific analysis and three

cases were included in the symptom-specific analysis.

The causality was adopted from data registered in the database. Before reporting to the

regional monitoring center, trained nurses summarized each adverse event and suggested the

causality according to the criteria of the WHO Uppsala Monitoring Center [22]; the suggested

causality was confirmed by a pediatrician in charge of the ADR surveillance team at SNUCH.

We included all possible, probable, and certain cases, which accounted for the majority of

cases, whereas cases of uncertain causality, such as unlikely or unidentifiable cases, were

excluded from the analysis.

Severity assessment

The severity of each ADR was evaluated based on the Hartwig severity scale [3] or the Com-

mon Terminology Criteria for Adverse Events (CTCAE) 4.0 [23]. On the Hartwig scale, levels

1 and 2 correspond to mild cases, and levels 3 and 4 to moderate cases. Therefore, ADRs that

required treatment, with the suspected drug being held, discontinued, or otherwise changed,

ADRs that required an antidote or other treatment, and ADRs that increased the length of hos-

pital stay by at least 1 day were regarded as moderate cases. Severe cases were defined as those

with a Hartwig level of 5, 6, or 7, which included any level of ADR that required intensive med-

ical care, ADRs that caused permanent harm to the patient either directly or indirectly, and

ADRs that led to the death of the patient. Meanwhile, cases that presented with abnormal lab

results were evaluated on the CTCAE severity scale, with grades 1–2 classified as mild, 3 as

moderate, and 4–5 as severe cases. When the evaluation standard between the Hartwig scale

and CTCAE differed, the higher severity value was used for the subsequent evaluation.

Off-label prescription

For severe ADR cases, we requested subjects’ identification numbers and verified whether the

prescription was in accordance with the label by reviewing medical records retrospectively.

After collecting information regarding the clinical indication confirmed by the pediatrician

(Dong In Suh), the forms, route of administration (oral/intravenous etc.), dose, and dosage

were entered and compared to those listed on the label relevant to the clinical indication. If the

prescription met all of the labeled instructions in terms of the indication, age, form, route, and
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dosage, we classified the case as on-label. If it failed to meet any item on the label, we classified

it as off-label. To set the standard for the off-label evaluation, we referred to the criteria pro-

vided on the websites of the KFDA [24] and the US-FDA [25]. For the drugs that were sus-

pected to cause severe ADRs, most labels available in both references presented no differences

in the indication, age, form, route, and dosage between the two countries; thus, the KFDA cri-

teria were used to evaluate the off-label prescription.

Statistics

Statistical analysis was conducted by using SPSS Statistics 23.0 (SPSS, Chicago, Illinois, USA).

Categorical data were analyzed by the chi-square test or the Fisher’s exact test, and the ten-

dency of the ratios (ratios of severe-to-total ADRs and off-label-to-total prescription) by age

groups was tested by the chi-square test for trend. The significance level was set at p<0.05.

Results

Subjects being analyzed

A flowchart of the reported cases enrolled in this analysis was shown in Fig 1. A total of 1841

cases (889 patients, including 2657 drug suspects and 2380 reactions) met all inclusion/exclu-

sion criteria and were included in the analysis. In terms of causality, 13 cases were classified as

Fig 1. Flowchart of the subjects being analyzed.

doi:10.1371/journal.pone.0172425.g001

ADR profiles in children with complex chronic conditions

PLOS ONE | DOI:10.1371/journal.pone.0172425 February 15, 2017 4 / 17



definite, 399 cases were probable, and the other 1429 cases were classified as possible. Their

severity profiles according to sex and disease group are presented in Table 1. A total of 1258

(68.3%), 493 (26.8%), and 90 (4.9%) cases out of 1841 total cases were classified as mild, mod-

erate, and severe, respectively. While 1090 (59.2%) cases happened in males, 751 (40.8%) cases

occurred in females. In CCC, 1581 (85.9%) cases were reported, among them 1057 were mild,

443 moderate, and 81 were severe ADRs. The proportion of CCC in each severity group

increased with increasing ADR severity (P for trend = 0.002).

Reporting routes

Table 2 shows the ADR profiles according to the reporting route. Most ADR cases were

reported by nurses, both in total subjects (89.6%) and in the CCC (88.5%) groups, followed by

doctors and pharmacists. Nurses also reported most often in severe cases; however, the ratio of

severe-to-total cases in each reporter group was the highest in pharmacists both in total sub-

jects (12.9%) and in CCC (13.8%).

Drugs

In terms of the suspected drugs, a total of 2657 drugs were related to ADRs, which is greater

than the actual number of ADR reports. This is because we independently counted each drug

Table 1. The number of ADR reports by sex, underlying disease group, and severity.

Characteristics No. of ADR Reports P value+

Total Mild Moderate Severe

Sex

Male 1090 743 292 55

Female 751 515 201 35

Total 1841 1258 493 90

Proportion of males (%) 68.9 59.1 59.2 61.1 0.706

Underlying disease group

Chronic complex condition 1581 1057 443 81

Other diseases 260 201 50 9

Total 1841 1258 493 90

Proportion of CCCs (%) 85.9 84.0 89.9 90.0 0.002*

ADR, adverse drug reaction; CCC, children with chronic complex condition.
+Chi-square test for trend

*Statistically significant

doi:10.1371/journal.pone.0172425.t001

Table 2. Cases according to the reporting sources.

Type of

Reporter

Total subjects Children with complex chronic conditions

ADR reports, n

(%)

Severe ADR reports,

n

Severe/Total ADRs,

%

ADR reports, n

(%)

Severe ADR reports,

n

Severe/Total ADRs,

%

Nurses 1649 (89.6) 73 4.4 1399 (88.5) 65 4.6

Physicians 107 (5.8) 6 5.6 102 (6.5) 5 4.9

Pharmacists 85 (4.6) 11 12.9 80 (5.1) 11 13.8

Total 1841 (100) 90 1581 (100) 81

ADR, adverse drug reaction.

doi:10.1371/journal.pone.0172425.t002
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as a separate drug-ADR pair when there were multiple suspected drugs in a single report. A

total of 1770 (66.6%), 725 (27.3%), and 162 (6.1%) drugs were related to mild, moderate, and

severe ADRs, respectively. Regarding CCC, 2353 drugs were associated with ADRs, of which

1549 (65.8%), 660 (28.0%), and 144 drugs (6.1%) were associated with mild, moderate, and

severe ADRs, respectively.

Table 3 lists the ATC class distribution of the drugs, and Table 4 lists the top 10 drugs caus-

ing ADR events in CCC. The most frequently suspected ATC class to cause ADRs was the anti-

neoplastic and immunomodulating agents (ATC class L, comprising a total of 846 cases with

723 cancer chemotherapeutics and 123 immunosuppressive agents) accounting for 36.0% of

all ADRs. This was closely followed by systemic antiinfectives (651 cases, 27.7%), nervous

Table 3. ATC classes distribution causing ADR events in CCC.

ATC class Events (%)

[L] Antineoplastic and immunomodulating agents 846 (36.0)

[J] Antiinfectives for systemic use 651 (27.7)

[N] Nervous system 396 (16.8)

[C] Cardiovascular system 161 (6.8)

[H] Systemic hormonal preparations, excluding sex hormones and insulins 70 (3.0)

[A] Alimentary tract and metabolism 59 (2.5)

[V] Various 57 (2.4)

[B] Blood and blood forming organs 41 (1.7)

[M] Musculo-skeletal system 30 (1.3)

[R] Respiratory system 25 (1.1)

[G] Genito-urinary system and sex hormones 10 (0.4)

[P] Antiparasitic products, insecticides, and repellents 4 (0.2)

[S] Sensory organs 1 (0.0)

Others—Extemporaneous preparations 2 (0.1)

Total 2353 (100.0)

ATC, Anatomical Therapeutic Chemical; ADR, adverse drug reaction; CCC, children with complex chronic

conditions.

doi:10.1371/journal.pone.0172425.t003

Table 4. Top 10 drugs most frequently causing ADR events in CCC.

ATC class Drug Name Events

N Fentanyl 190

J Piperacillin/Tazobactam 123

L Etoposide 112

L Carboplatin 79

C Furosemide 68

J Teicoplanin 66

L Cyclophosphamide 58

L Fludarabine 57

J Meropenem 57

L Busulfan 56

ADR, adverse drug reaction; ATC, Anatomical Therapeutic Chemical; CCC, children with complex chronic

conditions.

doi:10.1371/journal.pone.0172425.t004
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system drugs (396 cases, 16.8%), and cardiovascular system drugs (161 cases, 6.8%) (Table 3).

The top 10 most frequent drug suspects were antineoplastic agents (5 drugs), followed by sys-

temic antiinfectives (3 drugs). The single most frequent drug suspect was fentanyl (190 cases)

followed by piperacillin/tazobactam (123 cases). Among the antineoplastic agents, etoposide

(112 cases, 13.3%) was most frequently associated with ADRs followed by carboplatin (79

cases) and cyclophosphamide (58 cases). More detailed information is shown in S1 File.

ADR distribution according to system-organ class

In terms of adverse reactions, a total of 2380 reactions were recorded when we independently

counted each adverse reaction as a separate event. In CCC, 2076 ADRs were recorded. Since

each ADR can be classified as affecting up to 3 system organ classes as suggested by the

WHO-Adverse Reaction Terminology, ADRs were summed up into 3350 and 2917 system-

organ classes (SOCs) from total subjects and CCC, respectively.

Table 5 shows the frequency distribution of SOCs and Table 6 shows the top 10 most preva-

lent reactions manifested as ADR events in CCC. Gastrointestinal system disorders were the

most prevalent (851/2917 cases, 29.2%) followed by autonomic nervous system disorders (537

Table 5. Frequency distribution of ADR events according to systemic-organ classes (SOCs) in CCC.

System-Organ Class Total ADRs (%)

Gastro-intestinal system disorders (0600) 851 (29.2)

Autonomic nervous system disorders (0420) 537 (18.4)

Body as a whole general disorders (1810) 326 (11.2)

Skin and appendages disorders (0100) 242 (8.3)

Central and peripheral nervous system disorders (0410) 191 (6.5)

Liver and biliary system disorders (0700) 160 (5.5)

Metabolic and nutritional disorders (0800) 130 (4.5)

Urinary system disorders (1300) 107 (3.7)

General cardiovascular disorders (1010) 63 (2.2)

Heart rate and rhythm disorders (1030) 49 (1.7)

Psychiatric disorders (0500) 41 (1.4)

Platelet, bleeding and clotting disorders (1230) 34 (1.2)

Musculo-skeletal system disorders (0200) 31 (1.1)

Respiratory system disorders (1100) 28 (1.0)

Red blood cell disorders (1210) 28 (1.0)

White blood cell and reticulo-endothelial system disorders (1220) 23 (0.8)

Application site disorders (1820) 20 (0.7)

Endocrine disorders (0900) 17 (0.6)

Vision disorders (0431) 12 (0.4)

Hearing and vestibular disorders (0432) 10 (0.3)

Vascular (extracardiac) disorders (1040) 6 (0.2)

Resistance mechanism disorders (1830) 6 (0.2)

Reproductive disorders, female (1420) 2 (0.1)

Special senses other, disorders (0433) 1 (0.0)

Reproductive disorders, male (1410) 1 (0.0)

Neoplasms (1700) 1 (0.0)

Total 2917 (100.0)

ADR, adverse drug reaction; CCC, children with complex chronic conditions.

doi:10.1371/journal.pone.0172425.t005
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cases, 18.4%), body as a whole general disorders (326 cases, 11.2%), and skin and appendages

disorders (242 cases, 8.3%) (Table 5). In terms of each single ADR, nausea was the most com-

mon reaction (322/2076 events, 15.2%) followed by vomiting (247 events), diarrhea (161

events), and abnormal hepatic function (76 events) (Table 6). More detailed information is

available in S2 File. Some ADRs (i.e., vomiting, diarrhea, and abdominal pain) ranked high in

more than one organ system.

Person-based analyses

A distribution of subject numbers according to events-per-person groups is listed in Table 7.

A total of 889 subjects (673 CCCs and 216 non-CCCs) experienced ADRs from once to 22

times during the 1-year period. Whilst the number of ADRs experienced by subjects in the

CCC group varied widely (from 1 to 22 events), no subject in the non-CCC group experienced

more than 3 events during the 1-year period. When we confined the analyses to severe ADRs,

70 subjects in the CCC group experienced a total of 81 severe ADRs whereas only 9 subjects in

the non-CCC group experienced 9 severe ADRs. The proportion of subjects who experienced

Table 6. Top 10 reactions most frequently manifested as ADR events in CCC.

Adverse reactions in preferred terms Events

Nausea 322

Vomiting 247

Diarrhoea 161

Hepatic function abnormal 76

Rash 75

Abdominal pain 68

Headache 67

Dizziness 65

Fever 63

Hypokalaemia 61

ADR, adverse drug reaction; CCC, children with complex chronic conditions.

doi:10.1371/journal.pone.0172425.t006

Table 7. Distribution of persons according to events-per-person, presence of CCC, and their experience of severe ADR.

Children with chronic complex condition Children other than chronic complex condition

Events

per

person

Number of

total

subjects

Number of

subjects who

have

experienced

severe ADR

Number of

subjects who

have not

experienced

severe ADR

Proportion of

subjects who

experienced

severe ADR

events‡

Number of

total

subjects

Number of

subjects who

have

experienced

severe ADR

Number of

subjects who

have not

experienced

severe ADR

Proportion of

subjects who

experienced

severe ADR

events

1 430 14 416 3% 173 4 169 2%

2–3 142 14 128 10% 43 5 38 12%

4–6 44 12 32 27% 0 n/a n/a n/a

7–10 36 19 17 53% 0 n/a n/a n/a

11–15 12 6 6 50% 0 n/a n/a n/a

16–22 9 5 4 56% 0 n/a n/a n/a

Total† 673 70 603 10% 216 9 207 4%

†Fisher’s exact test, p = 0.004;
‡p for trend, p<0.001

doi:10.1371/journal.pone.0172425.t007
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severe ADRs was higher in the CCC group (70 out of 673 subjects) than the non-CCC group

(9 out of 216 subjects) (Fisher’s exact test, p = 0.004). In the CCC group, as the number of

events-per-person increased the proportion of subjects who experienced severe ADR events

also increased (P for trend <0.001).

Profiles of pediatric oncology patients

A total of 839 ADRs occurred in oncology patients, which comprised 51% of all CCC cases. In

466 cases, 723 cancer chemotherapeutics were suspected but in the other 373 cases, medicines

other than cancer chemotherapeutics (i.e., piperacillin/tazobactam, furosemide, tacrolimus,

and so forth) were suspected of causing the ADR. Among the 466 chemotherapeutics-related

cases, one single chemotherapeutic was suspected to cause the ADR in 278 cases. On the other

hand, a combination of two, three, and four cancer chemotherapeutics were suspected in 122,

63, and 3 cases, respectively.

Signal detections

Table 8 presents a list of drug-ADR combinations (and their reporting odds ratio) that should

be focused as signals in CCC. A total of 18 drug-ADR combinations were calculated as having

a lower margin of 95% confidence interval of reporting odds ratio (ROR) larger than 1. The

combination of ibuprofen/arginine and laryngitis and that of atomoxetine and weight increase

had the highest reporting odds ratio, followed by a combination of heparin and paraesthesia.

Table 8. A list of drug-ADR combinations that should be suspected as signals in CCC.

Drug ADR Case numbers (n) Reporting

Odds Ratio

(ROR)

Lower

margin

of

95% CI

suspected drug-

suspected ADR

suspected drug-

other ADR

other drug-

suspected ADR

other drug-

other ADR

Ibuprofen/Arginine laryngitis 1 2 1 1577 788.5 35.542

Atomoxetine weight increase 1 1 2 1577 788.5 35.542

Heparin paraesthesia 1 1 8 1571 196.4 11.273

Lorazepam hiccup 1 3 5 1572 104.8 9.249

Clofarabine conjunctival

haemorrhage

1 11 1 1568 142.5 8.374

Clofarabine vision abnormal 1 11 1 1568 142.5 8.374

Cefotaxime myalgia 1 4 6 1570 65.4 6.343

Joulie‘s solution rash erythematous 1 1 15 1564 104.3 6.227

Oxybutynin bilirubinaemia 1 1 22 1557 70.8 4.288

Hydrocortisone dysaesthesia 1 8 5 1567 39.2 4.102

L- Asparaginase hypotrichosis 2 14 14 1551 15.8 3.285

Potassium chloride injection site reaction 1 3 16 1561 32.5 3.208

Clonidine speech disorder 1 27 2 1551 28.7 2.527

Vancomycin laryngitis 1 52 1 1527 29.4 1.812

Anti thymocyte

globulin

conjunctivitis 1 40 2 1538 19.2 1.708

Heparin dizziness 1 1 64 1515 23.7 1.464

Vancomycin dystonia 1 52 2 1526 14.7 1.310

Propacetamol injection site reaction 1 9 16 1555 10.8 1.291

ADR, adverse drug reaction

doi:10.1371/journal.pone.0172425.t008
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Age groups

The distribution of the number of ADR reports according to the severity and age group is dis-

played in Table 9 and Fig 2. A total of 635 (34.5%) cases were reported in the adolescent group,

which was the highest among the age groups. The groups of children (490 cases, 26.6%), pre-

schoolers (346 cases, 18.8%), infants/toddlers (229 cases, 12.4%) and adults (141 cases, 7.7%)

followed consecutively. The ratio of severe-to-total ADRs decreased with increasing age (P for

trend = 0.013, Table 9).

In CCC, the number of ADR reports and the ratio of severe-to-total ADRs across the age

groups are shown in Table 2 and Fig 2A. Except for the adult group, there was a similar trend

of increasing number of ADRs with increasing age; however, the ratio of severe-to-total ADRs

decreased with increasing age (P for trend = 0.021). These trends were not observed in non-

CCC subjects (P for trend = 0.193).

Off-label use and the severe ADR

Among the 90 cases of severe ADRs in the total population, 81 cases of severe ADRs occurred

in CCC and they were associated with a total of 144 prescriptions. The number of subjects or

prescriptions including off-label prescriptions according to the cancer chemotherapeutics or

others is shown in Table 10. Since cancer chemotherapeutics are prescribed based on stan-

dardized protocols, we excluded these 60 cancer chemotherapeutic prescriptions from analy-

ses. The medical records concerning the 84 remaining prescriptions of non-cancer

medications for 51 cases were analyzed according to the KFDA criteria. A total of 29/84

(34.5%) prescriptions were off-label. Fig 2B shows the number of cases and their ratio of off-

label prescription across all age groups in the 51 severe ADR cases in CCC. A total of 29 cases

(34.5%) were classified as off-label. The infant/toddler group ranked highest among the CCC

group with severe ADRs (14/51 cases, 27.5%) followed by the preschooler group (25.5%). The

percentage of off-label prescription-related cases was the highest in the infant/toddler group

and tended to decrease with patient age (P for trend = 0.058) (Fig 2B). When we excluded the

Table 9. Number of ADR reports according to severity and age group.

In all subjects

Infants/toddlers Preschoolers Children Adolescents Adults Total

Mild or moderate 212 324 467 614 134 1751

Severe 17 22 23 21 7 90

Total 229 346 490 635 141 1841

Severe/total 7.4 6.4 4.7 3.3 5.0 P for trend = 0.013

In children with complex chronic condition

Infants/toddlers Preschoolers Children Adolescents Adults Total

Mild or moderate 172 274 381 550 123 1500

Severe 14 21 19 20 7 81

Total 186 295 400 570 130 1581

Severe/total 7.5 7.1 4.8 3.5 5.4 P for trend = 0.021

In children without complex chronic condition

Infants/toddlers Preschoolers Children Adolescents Adults Total

Mild or moderate 40 50 86 64 11 251

Severe 3 1 4 1 0 9

Total 43 51 90 65 11 260

Severe to total 7.0 2.0 4.4 1.5 0.0 P for trend = 0.193

doi:10.1371/journal.pone.0172425.t009
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adult group (because it did not represent the whole adult CCC group), the tendency was more

significant (P for trend = 0.004).

Discussion

In this study, we analyzed the profiles of ADRs reported in a nationwide referral children’s

hospital that treats a large proportion of CCC. More than four-fifths of ADRs were reported in

CCC, among them pediatric oncology cases comprised the majority. The ratios of severe-to-

Fig 2. ADR profiles across the age groups. (A) The number of ADR reports and the ratio of severe-to-total

ADR reports across the age groups in children with CCCs. Numbers are presented as empty bars and the

ratios are presented as solid bars. (B) The number of cases and their ratio of off-label prescription in the 51

severe ADR cases in CCCs. Numbers are presented as empty bars and the ratios are presented as solid

bars. ADR, adverse drug reaction; CCC, children with complex chronic condition.

doi:10.1371/journal.pone.0172425.g002
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total ADRs were higher in CCC. In further analysis of cases of ADRs in CCC, younger groups

tended to have higher severe-to-total ADRs and have a greater chance of being exposed to off-

label prescription. Although the study was conducted on admitted patients in a single institute,

this is the first study to describe the profiles of ADRs in a specialized population of children

largely comprised of CCC.

Being spontaneously reported, the ADR profile is largely affected by the patient composi-

tion and by the practice pattern. The proportion of CCC among the in-hospital patients is

exceptionally high in the authors’ hospital compared to ones in the other general children’s

hospitals. The authors’ institution functions as the final level of referral in Korea where chil-

dren are finally transferred and treated when they have a very rare disease, multidisciplinary

and complex problems, serious complications, or refractory responses despite current stan-

dard managements. Therefore, the collected data may provide a valuable clue for understand-

ing ADR profiles accompanying the practice for CCC.

As a single center report, the number of yearly cases is relatively high compared to the pre-

vious ones from other single institutes [10,12,26]. In CCC, ADRs are most frequently reported

in the adolescent group (34.5%) and most commonly involved the gastrointestinal system

(35.1%); these results are comparable to those of previous studies. In adults, previous studies

have shown that older age groups tend to have many ADRs [27,28], although the meaning of

older age in adults differs from that in children. In children, however, the most frequent age

Table 10. Number of subjects or prescriptions, including off-label prescriptions, according to cancer chemotherapeutic or other medication in

children with complex chronic condition.

Prescription type Medication other

than cancer

therapeutics, total† [B]+[C]
Cancer chemotherapeutics

only [A]

Cancer chemotherapeutics

with other medication [B]

Other medication

only [C]

Infant/

toddlers

Subjects 0 0 14 14

Total prescriptions 16

Off-label

prescriptions

10 10

Preschoolers Subjects 8 2 11 13

Total prescriptions (17) (2)+4 16

Off-label

prescriptions

1 9 10

Children Subjects 11 1 7 8

Total prescriptions (18) (1)+1 11

Off-label prescriptions 3 3

Adolescents Subjects 10 0 10 10

Total prescriptions (15) 21

Off-label prescriptions 2 2

Adults Subjects 1 2 4 6

Total prescriptions (5) (2)+6 9

Off-label prescriptions 1 3 4

Total Subjects 30 5 46 51

Total prescriptions (55) (5)+11 73

Off-label

prescriptions

2 27 29

†P for trend = 0.058

Numbers in parentheses indicates the number of chemotherapeutic agents.

doi:10.1371/journal.pone.0172425.t010
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groups were so varied across all studies that we could not conclude any trend solely from the

number reports [7,10,12,29]. Regarding the affected organ system, several previous studies

reported that the gastrointestinal system and skin were frequently involved [7,10,12,14,16,29–

31], whereas in other studies the central and peripheral nervous systems were also frequently

affected [7,10,14,29]. In adults, more organs were involved according to the clinical character-

istics of the subjects enrolled [26–28,31–35]. After excluding antineoplastic agents, antibiotics

ranked the first among the suspected drugs in our study, followed by systemic nervous system

and cardiovascular drugs, which was similar to in previous reports [7,10,29–31]. These results

indicate that ADRs in CCC have a unique profile compared to ADRs adult patients

[26,28,33,35,36] or other children [16,29].

Since severe ADRs may cause irreversible damage [3], even if rare, we need to be aware of

them. To verify whether CCC are a more vulnerable group to severe ADRs, we evaluated the

association of ADR severity with the proportion of CCC in the total subjects and found an

increasing tendency as the ADR became more severe. In further analyses confined to CCC

cases, the proportion of severe-to-total ADRs was the highest in the infant/toddler group and

then decreased with older age. This is comparable to previous findings that reported that the

ratio of severe ADRs was high in 0- to 1-year-old subjects [12,16]. Even though the present

study was limited due to the lack of information regarding the total prescription of all drugs as

well as the occurrence ratio of all ADRs, the above results suggest that we should observe and

monitor for potential ADRs intensively when using antibiotics or nervous system drugs in

CCC, especially in younger ones.

There is no clear explanation as to why ADRs happen more often and are more severe in

children with CCCs. Based on the chronic and complex nature of our subjects’ condition, we

could speculate that several reasons exist with regard to the children themselves or the drugs

that are administered to those children. In contrast to general subjects, CCC is less stable so

they might have less in reserve to maintain homeostasis and thus they may require concomi-

tant multiple drug administration. As for antibiotics, piperacillin/tazobactam, teicoplanin, and

meropenem, which are used primarily for severe infections, ranked the highest in this study.

Conversely, there were very few ADRs from amoxicillin or cephalosporin, which are fre-

quently used in the treatment of community-acquired infections. Moreover, an off-label pre-

scription may have affected the trend. Considering that there may be insufficient data on

medication regarding the quality, efficacy, and safety in young CCCs from clinical trials [37],

there might be a greater chance of medicine being prescribed in an off-label manner. In a fur-

ther analysis of ADR cases in CCC, the younger age groups tended to have a higher ratio of

severe-to-total ADR and subjects who had severe ADRs had a greater chance of being exposed

to off-label prescriptions. Furthermore, chronic exposure to several drugs may cause a change

in the receptor profiles via the physiological feedback loop. Lastly, in oncology patients, the

dosage of chemotherapeutics administered is the maximum tolerable dose, which can damage

hepatic or renal function which is essential for drug metabolism. On the other hand, these

findings can merely be a form of survivor bias. CCC stemming from congenital problems die

early when they have detrimental natural courses; therefore, the older children selectively sur-

vive when they have milder illnesses.

One of the interesting features of reports of ADRs in this institution was that the majority

were made by nurses, which is in line with other reports [7,27] and may be related to the policy

in the authors’ institution of encouraging reporting activity mainly through the nursing sys-

tem. We assumed that the nurses encounter more ADRs due to their inherent job characteris-

tics through which they receive the patients’ claims and access medical records while

administering drugs to the patient according to the attending doctor’s instruction. Such a sys-

tem based on nurses has the virtue of registering more cases, with a minimal case loss,
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compared to a system based on the doctors or caregivers as the primary reporting source

[38,39]. However, this also has an inherent risk of deviating ADR profiles into subjective

symptom-based ones rather than the laboratory change-based ones in the presymptomatic

phase. Moreover, compared to the other groups of medical personnel, pharmacists rarely

reported ADRs, whereas their ratio of severe-to-total ADRs was the highest in this study,

which may be related to their role in clinical practice. Instead of contacting the patient in per-

son, pharmacists review the prescription and, in some cases, the medical records of the

patients. Indeed, most reports from pharmacists were made during their retrospective review

of the medical records by finding omitted ADR cases. Considering that they detect, assess, and

cope with any rare but potentially relevant ADRs, this result shows how important the role of

the pharmacist is in the monitoring of ADRs.

We acknowledge that there were a number of limitations of our study and that caution

should be taken when generalizing our findings. First, this was a retrospective study, which did

not review all prescription records of the entire pediatric population. We analyzed spontane-

ous reports, resulting in an inherent risk of missing some of the under-recognized ADRs, and

it is possible that these missing events may have disproportionately occurred due to a certain

subset of drugs [40]. Therefore, despite the fact that the low numbers of cases with the respec-

tive event-drug-pairs (n<3) do not allow finding signals, drug-ADR combinations listed in the

Table 8 need to be verified in further large-scale pharmacovigilance studies. Lastly, we could

not verify the role of polypharmacy on severe ADRs due to lack of information on the whole

drugs concomitantly administered at the time of ADR event. Nonetheless, the results of our

study imply that vulnerable patient groups exist in terms of the more frequent and/or severe

ADRs and emphasize that more vigilant monitoring is required when specific drugs are pre-

scribed to CCC, especially younger ones.

In conclusion, ADRs of CCC admitted to a tertiary children’s hospital show a unique profile

compared to those reported in adults or children in other clinical settings. In cases of severe

ADRs, these are more frequently observed in vulnerable groups such as CCCs and younger

children, especially in the infants/toddler group. In order to confirm the effects of off-label pre-

scription on the ADR frequency and severity, a large, prospective study is needed in the future.
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