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Abstract

The aim of this study was to quantify the burden of avoidable pediatric hospital admissions

for Ambulatory care-sensitive conditions (ACSC) and to identify factors related to these pre-

ventable hospitalizations. The study was conducted by retrospectively reviewing all medical

records of children admitted in a non-teaching 474-bed acute care hospital located in Catan-

zaro (Italy) for an avoidable hospitalization diagnosis. Two control clinical records involving

children hospitalized for clinical conditions not classified as ACSC were randomly selected

for each clinical record that included an ACSC. Among the 4293 pediatric hospitalizations,

451 (10.5%) were judged to be preventable. Of these, the most frequent discharge diagno-

ses were: dehydration (29.7%), pneumonia (17.7%), seizures (15.7%) and chronic obstruc-

tive pulmonary disease (12.9%).Children admitted for a preventable hospitalization were

more likely to be females, to be younger, to be residents in the same province as the hospital

and less likely to have had at least one Community-Based Pediatrician (CBP) access in the

previous year and to have used the district health service. The burden of pediatric prevent-

able hospitalizations found in this study is quite high, and the results show that there is still

work that lies ahead on the way to improve interaction between hospital and community-

based services.

Introduction

Within the last few years there has been a radical change in the healthcare system in Italy, with

calls for a more careful use of resources, and an in-depth evaluation of health care perfor-

mance. In particular, great attention has been paid to community and primary care services,

since a key objective in our health care system is to shift healthcare, whenever appropriate,

from acute hospitals to community services [1].

This scenario has prompted the need for indicators measuring quality and performance of

community services. “Ambulatory care sensitive conditions” (ACSC) are one well-used proxy

measure for potentially preventable hospitalization[2]. More recently it has been suggested

that rates of ACSC reflect quality of community-based care, rather than access, particularly in

settings with universal health care [3–11]. Although variously defined, generally they are those
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conditions which respond well to interventions deliverable in community-based healthcare

settings, and if managed can potentially prevent the need for hospitalization, or for which early

intervention can prevent complications or more severe disease [2].

More recently, studies performed in the United States have shown the increasing costs gen-

erated by pediatric hospitalizations, highlighting the need for a careful monitoring activity

even in this population[12–14].ACSCs have already been defined for children’s hospitaliza-

tions, including conditions whose onset can be prevented (such as through immunization),

acute illnesses that could be controlled in ambulatory settings (such as a urinary tract infec-

tion), and chronic diseases that can be managed in outpatient settings (such as asthma)[5].

Very few studies performed in the United States and in some European countries have

assessed pediatric hospital admission for ACSCs, reporting variable frequencies ranging from

5% to 43%[4,6,7,15]. However, Italian data are scanty and, when available, are related to cer-

tain specific diseases (eg, asthma, gastroenteritis)[8, 16,17].

The aims of this study were to quantify the burden of pediatric avoidable hospital admis-

sions for ACSCs as an indirect measure of access to primary care services and to identify fac-

tors related to these preventable hospitalizations.

Materials and methods

Setting

The Italian National Health Service covers all citizens and legal foreign residents, with a uni-

versal coverage free of charge. The health districts are the operative branches of local health

authorities and provide public health services and primary care including family medicine and

community services. All residents are registered with a primary care physician (PCP) when

they reach the age of 15 and, before this age, with a community based pediatrician (CBP).

PCPs and CBPs provide various primary care services, such as health promotion and preven-

tive activities, diagnosis, treatment, and follow-up of acute and chronic conditions. They also

act as gate-keepers for access to secondary health services and for drug prescription for all

patients on their list. These services are provided to all patients free of charge. Moreover, when

the office of the PCP and CBP is closed Continuity of Care services provide night and weekend

coverage as well as urgent home care to all patients. Community services also include home

and residential care for the elderly and the disabled, and hospice care[1].

Study population

This case-control study was conducted by retrospectively reviewing all medical records of

patients under the age of 18, admitted between 1 January and 31 December 2016 to medical

and surgical wards of a non-teaching acute care 474-bed hospital located in Catanzaro (Italy),

for an avoidable hospitalization condition. The hospital included in the study was a general

hospital with a catchment area from the entire Calabria region and a volume of pediatric

admissions of numbering 4126 in 2015.

To identify the preventable hospitalizations from the administrative database, we used the

list of 20 ambulatory care sensitive conditions (ACSCs) compiled by Casanova and Stratfield

[5],each condition including a series of diagnostic sub-categories defined by diagnosis codes of

the International Classification of Diseases (ICD-9-CM). For example, according to the Casa-

nova and Stratfield classification, the definition of chronic obstructive pulmonary disease

included chronic airway obstruction not elsewhere classified and bronchitis (Table 1). Admis-

sion for ACSCs were classified as preventable hospitalizations and considered as “cases”. All

“cases” were judged to be appropriate hospitalization based on severity of illness but were con-

sidered potentially avoidable, since the underlying condition could have been adequately
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prevented or managed in the primary health setting. For each clinical condition including an

ACSC, two control clinical records matched by year and month of admission and involving

children admitted for clinical conditions not classified as ACSC were randomly selected. Chil-

dren directly admitted to the pediatric intensive care unit were excluded. Only patients whose

parents had given written permission for their personal data to be stored in the hospital data-

base and used for research were included in the study.

Two physicians, who were not involved in patient care and who had previous training, col-

lected the data by reviewing clinical charts and by phone interviewing parents of discharged

patients.

The following data were collected for each patient by reviewing their medical charts: socio-

demographics (child age and gender, parent’s marital status and education level); distance of

patient’s home from hospital; ward and type of admission; the healthcare figure that referred

the patient to the hospital; primary and secondary diagnosis; and procedures and interventions

performed during hospitalization. Moreover, a phone interview with parents of children

included in the study was conducted to collect the following data: additional socio-demo-

graphic information (parents’ working activity and number of persons in the household);

child health status; child’s utilization of health services during the previous year (number and

Table 1. Frequency of specific preventable hospitalization conditions in the study population.

Condition ICD9-CM Code N %

20. Dehydration-volume depletion 276.5 Disorders of fluid, electrolyte, and acid-base balance 134 29.7

9. Bacterial pneumonia 481 Pneumococcal Pneumonia 1 0.2

486 Pneumonia, organism unspecified 79 17.5

8. Chronic obstructive pulmonary disease 496 Chronic airway obstruction, not elsewhere classified 1 0.2

466.0 Bronchitis 57 12.6

3. Convulsions 780.3 Convulsions 47 10.4

2. Grand mal status and other epileptic convulsions 345 Epilepsy and recurrent seizures 23 5.1

4. Severe ear-nose-throat infections 382 Suppurative and unspecified otitis media 15 3.3

463 Acute tonsillitis 2 0.4

465 Acute upper respiratory infections of multiple or unspecified sites 29 6.4

10. Asthma 493 Asthma 23 5.1

18. Kidney/urinary tract infection 590 Infections of kidney 3 0.7

599.0 Urinary tract infection, site not specified 9 2

599.9 Unspecified disorder of urethra and urinary tract 1 0.2

15. Diabetes A, B, C 250.1 Diabetes with ketoacidosis 4 0.9

250.0 Diabetes mellitus without mention of complication 7 1.5

17. Gastroenteritis 558.9 Other and unspecified noninfectious gastroenteritis and colitis 5 1.1

1.Immunizable-preventable conditions 033 Whooping cough 1 0.2

052.0 Post varicella encephalitis 2 0.4

16. Hypoglycemia 251.2 Hypoglycemia, unspecified 2 0.4

14. Cellulitis 683 Acute lymphadenitis 1 0.2

12. Hypertension 401.0 Malignant 1 0.2

401.9 Unspecified 1 0.2

21.Iron-deficiency anemia 280.9 Irondeficiency anemia, unspecified 2 0.4

Other conditions� 0 0

Total 451

�Including: Pulmonary tuberculosis, Other tuberculosis, Congenital syphilis, Congestive heart failure, Angina, Dental conditions, Nutritional deficiencies, Failure to

thrive, Pelvic inflammatory disease

https://doi.org/10.1371/journal.pone.0221852.t001
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main reasons for CBP visits or no CBP visits for medical control or consultation, difficulty of

access to and satisfaction with CBP health services, number and main reasons for specialist vis-

its, emergency accesses and previous hospital admissions); and the name of their own CBP.

Questions on frequency of utilization of health services during the previous year were mostly

in the "yes/no" format. If the answer was "yes", then the participants were asked about the

number of accesses. The questions on satisfaction and difficulty with health services access

were scored on a four point Likert scale with options for “no”, “few”, “rather”, and “much”.

The questionnaire was pretested on a convenience sample of parents to ensure clarity of inter-

pretation. A copy of the survey questions is reported in S1 Appendix.

To collect data from medical records, researchers were exempted from obtaining written

consent by the patients who are requested during the hospitalization to give permission for

their personal data to be used for research, as detailed by the Italian rules (Legislative Decree

101/2018). All study participants gave their verbal consent to participate in the telephone sur-

vey. Participation in the study was voluntary and anonymity and confidentiality issues were

strictly observed. The study protocol was approved by the Institutional Ethical Committee

(Ethical Committee of Calabria region-Central Area-15 June 2017).

Statistical analysis

Stepwise multivariate logistic regression analyses were performed to identify baseline charac-

teristics independently associated with the following outcomes of interest: preventable hospi-

talization for all the investigated conditions (No = 0; Yes = 1) (Model 1) and preventable

hospitalization for dehydration (No = 0; Yes = 1) (Model 2).

The model building strategy included the following steps: univariate analysis of each vari-

able considered, using the appropriate test statistic (chi-square test or t test); inclusion of any

variable whose univariate test has a P value <0.25; ways to include independent variables in

the model (continuous, ordinal or categorical) took into account how each of these ways better

fitted the data at the univariate analysis and we chose the most appropriate way in the multi-

variate analysis. The explanatory variables included in the two models were the following:

patient’s age (continuous, in years); patient’s sex (male = 0, female = 1); province of residence

(other provinces = 0; Catanzaro = 1); additional children in the household (no = 0, yes = 1);

CBP access in the previous year (No = 0, Yes, for a medical control or consultation = 1); CBP

visit or telephone contact immediately before admission (No = 0, Yes = 1); district health ser-

vices access in the previous year (No = 0, Yes = 1); parents’age (continuous, in years). The sig-

nificance level for variables entering the logistic regression models was set at 0.2, and at0.4 for

removing from the model. Adjusted odds ratio (ORs) and 95% confidence intervals (CIs) were

calculated.

Stata version 14 statistical software package was used in collecting all data and conducting

all data analysis [18].

Results

Among the 4293 pediatric hospitalizations in the study period, 451 (10.5%) were judged to be

preventable and included in the study. Among the remaining non preventable hospitalizations,

924 control clinical records were included in the study. All 1375 related parents were contacted

for telephone interview. Of these, 170 did not complete the whole interview (43 cases and 127

controls), preferring not to answer some questions. The available data were however included

in our analysis. (S2 Appendix). Dataset is available as Supporting information (S1 Database).

The main characteristics of the study population are presented in Table 2. Two hundred

and thirty seven hospitalized children (19.7%) had chronic health conditions and 150 of these

Preventable pediatric hospitalizations
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Table 2. Selected characteristics of the study population according to type of hospitalization (preventable/non preventable).

Characteristics Total

N (%)�
Preventable hospitalization

N (%)

Non preventable hospitalization N (%)

1375 451 924

Gender

Male 803 (58.4) 247 (30.8) 556 (69.2)

Female 572 (41.6) 204 (35.7) 368 (64.3)

p = 0.056
Age, years (continuous)

Mean (±SD) 6.6 (5.6) 4.2 (4.5) 7.7 (5.7)

p<0.001
Age group, years

<1 323 (23.5) 144 (44.6) 179 (55.4)

1–12 761 (55.3) 269 (35.3) 492 (64.7)

>12 291 (21.2) 38 (13.1) 253 (86.9)

Median 5 3 7

p<0.001
Province

Catanzaro 1033 (75.1) 379 (36.7) 654 (63.3)

Cosenza 17 (1.2) 4 (23.5) 13 (76.5)

Crotone 154 (11.2) 24 (15.6) 130 (84.4)

Reggio Calabria 23 (1.7) 8 (34.8) 15 (65.2)

Vibo Valentia 95 (6.9) 25 (26.3) 70 (73.7)

Other 53 (3.9) 11 (20.7) 42 (79.3)

p<0.001
Additional children in the household

None 370 (26.9) 131 (35.4) 239 (64.6)

1 593 (43.1) 207 (34.9) 386 (65.1)

>1 412 (30) 113 (27.4) 299 (72.6)

p = 0.021
Ward of hospital stay

Pediatrics 1006 (73.2) 451 (44.8) 555 (55.2)

Pediatric surgery# 369 (26.8) 0 (-) 369 (100)

Type of admission

Emergency 1262 (91.8) 451 (35.7) 811 (64.3)

Other 113 (8.2) 0 (-) 113 (100)

Length of hospital stay, days

Mean (±SD) 3.8 (±3.1) 3.5 (±2.2) 4 (±3.4)

p = 0.008
Type of discharge

Ordinary 1289 (93.7) 418 (32.4) 871 (67.6)

Voluntary/Other 86 (6.3) 33 (38.4) 53 (61.6)

p = 0.256
CBP access in the previous year

None 511(42.4) 181 (35.4) 330 (64.6)

Yes 694 (57.6) 227 (32.7 467(67.3)

P = 0.126
Satisfaction with CBP health services

No/few 73 (7.1) 31 (42.5) 42 (57.5)

(Continued)
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Table 2. (Continued)

Characteristics Total

N (%)�
Preventable hospitalization

N (%)

Non preventable hospitalization N (%)

1375 451 924

Rather/much 948 (92.9) 355 (37.4) 593 (62.6)

p = 0.394
Difficulty of access to CBP health services

No/few 957 (93.7) 361 (37.7) 596 (62.3)

Rather/much 64 (6.3) 25 (39.1) 39 (60.9)

p = 0.830
Parent contacted CBP (by telephone or office visit) before admission

No 834 (69.2) 297 (35.6) 537 (64.4)

Yes 371 (30.8) 111 (29.9) 260 (70.1)

p = 0.054
District health services access in the previous year

No 968 (80.4) 342 (35.3) 626 (64.7)

Yes 236 (19.6) 66 (28) 170 (72)

p = 0.032
Satisfaction with district health services

No/few 6 (2.5) 1 (16.7) 5 (83.3)

Rather/much 230 (97.5) 65 (28.3) 165 (71.7)

p = 0.463
Emergency access in the previous years

No 924 (76.7) 315 (34.1) 609 (65.9)

Yes 280 (23.3) 93 (33.2) 187 (66.8)

Hospital admissions in the previous year

No 955 (79.3) 326 (34.1) 629 (65.9)

Yes 249 (20.7) 82 (32.9) 167 (67.1)

p = 0.721
Chronic health condition

No 967 (80.3) 330 (34.1) 637 (65.9)

Yes 237 (19.7) 78 (32.9) 159 (67.1)

p = 0.723
Medication for chronic health condition

No 1054 (87.5) 355 (33.7) 699 (66.3)

Yes 150 (12.5) 53 (35.3) 97 (64.7)

p = 0.689
Parents’ education

Less than high school graduate 366 (31.4) 119 (32.5) 247 (67.5)

High school graduate or more 800 (68.6) 277 (34.6) 523 (65.4)

p = 0.480
Parents’ age, years (continuous)

Mean (±SD) 39.1 (7.5) 36.6 (6.9) 40.3 (7.4)

p<0.001

� The numbers that do not add to 1375 are due to non-applicable data for the variable

CBP, Community-Based Pediatricians
#Including pediatric otolaryngology

https://doi.org/10.1371/journal.pone.0221852.t002
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had been prescribed a chronic medication. Parents of these 150 children were asked if they

had been adequately informed by the CBP about the correct way of drugs administration and

doses and all respondents reported they were satisfied about the information provided by the

CBP. The most frequent diagnoses were asthma (21.9%), neurological diseases (16.9%), con-

genital genetic disorders (11.4%), chronic inflammatory bowel disease (10.6%) and diabetes

(8.4%).

Among the 451 preventable hospitalizations (Table 1), the most frequent discharge diagno-

ses were: dehydration (29.7%), pneumonia (17.7%), seizures (15.7%) and chronic obstructive

pulmonary disease (12.8%). Moreover, 3 had a vaccine-preventable hospitalizations and 77.5%

of respondents declared that their children had received only part of the recommended immu-

nization schedule, while 11 (2.4%) parents were discouraged by healthcare professionals from

having their children vaccinated.

Children admitted for a preventable hospitalization were more likely to be females com-

pared to males (35.7% vs. 30.8%,p = 0.05), to be younger (mean 4.2 vs. 7.7 years old, p<0.001),

to be residents in the same province as the hospital (Catanzaro) (36.7%, χ2 = 33.8, p<0.001),

with the mean length of stay of 3.5 vs 4 days, p = 0.008). Moreover, they were less likely to have

used the district health service in the previous year (28% vs. 35.3%, p = 0.032). Parents of the

children admitted with avoidable hospitalization were significantly younger (mean age 36.6 vs.

40.3,p<0.001), did not have other children (35.4% vs. 31.8%,p = 0.021) and were less likely to

have brought their children to a CBP for a medical consultation or to have spoken to the CBP

on the telephone immediately before the hospitalization (35.6% vs. 29.9%,p = 0.054) (Table 2).

For Model 1, the results of the multiple logistic regression analysis substantially confirmed the

findings of the univariate analysis, except for the presence of additional children in the house-

hold. Moreover children admitted for a preventable hospitalization were less likely to have had

CBP access for control or medical consultation in the previous year (Table 3).

Univariate analysis for preventable hospitalization for dehydration showed the same results

except for the presence of chronic diseases. Indeed, children admitted for dehydration were

less likely to have chronic diseases (p = 0.006) (data not shown). Multivariate analysis substan-

tially confirmed the findings of the univariate analysis (Table 3).

Discussion

This study represents one of the first Italian attempts to quantify the proportion of pediatric

avoidable hospital admissions for ACSCs, to evaluate the extent of the access to primary health

care and to describe the relationship between the patient’s socio-demographic profile and

health conditions and preventable hospitalizations. Although ACSCs have been less used in

the pediatric population, the results of this study show the usefulness of these conditions as

indicators of the burden of preventable hospitalizations. In this study context 10.5% of all pedi-

atric hospitalizations were preventable; in previous studies performed in Europe and USA

using the same definition of preventable hospitalization described in this study, prevalence of

these conditions showed variable results ranging from 5% to 40%[6,7,19].Although high, our

prevalence is one of the lowest when compared with the data reported in other studies[3,6,7].

These data deserve to be highlighted, since they can reflect the quality of provision of outpa-

tient care in the area of our study.

Four diagnoses (dehydration/gastroenteritis, pneumonia, seizures and chronic obstructive

pulmonary disease) accounted for 90% of avoidable pediatric hospitalization, in line with simi-

lar studies in the literature[8, 20].In contrast to that reported in previous studies performed

among the adult population[3,9], preventable hospitalizations for the pediatric population are

more related to acute illnesses, highlighting some difficulties in managing acute diseases,

Preventable pediatric hospitalizations
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Table 3. Multiple logistic regression analysis results.

Variable OR 95% CI P

Model 1: Preventable hospitalization
Log likelihood = -653.61; p<0.0001, No. of observations = 1155
Age, years (continuous) 0.86 0.83–0.89 <0.001

Province 1.00a

Other 2.05 1.47–2.86 <0.001

Catanzaro

Parent contacted CBPc before admission

No 1.00a

Yes 0.67 0.50–0.91 0.010

District health services access in the previous year

No 1.00a

Yes 0.65 0.46–0.92 0.0217

Parents’age, year (continuous) 0.97 0.94–0.99 0.016

CBPb access in the previous year

No 1.00a

Yes 0.49 0.36–0.65 <0.001

Gender

Male 1.00a

Female 1.25 0.95–1.64 0.104

Additional children in the household

No 1.00a

Yes 1.13 0.93–1.38 0.221

Model 2: Preventable hospitalization for dehydration
Log likelihood = -319.905; p<0.0001, No. of observations = 885
Age, years (continuous) 0.90 0.85–0.95 <0.001

Province

Other 1.00a

Catanzaro 2.17 1.28–3.70 0.004

District health services access in the previous year

No 1.00a

Yes 0.49 0.27–0.88 0.018

Parent contacted CBPb before admission

No 1.00a

Yes 0.65 0.40–0.99 0.047

Gender

Male 1.00a

Female 1.24 0.82–1.87 0.290

Parents’age, year (continuous) 0.96 0.93–1.00 0.071

Additional children in the household

No c c c

Yes c c c

CBPb access in the previous year

No c c c

Yes c c c

a Reference category
b Community-Based Pediatricians
c Removed by the model

https://doi.org/10.1371/journal.pone.0221852.t003
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which can often be solved if promptly treated at home, with CBP consultation and interven-

tion. On the contrary, preventable hospitalizations for chronic diseases, such as asthma, appear

to be lower compared with the findings of previous studies [4,10,20], pointing out a proper

management of diagnostic-therapeutic pathways for chronic diseases in the area of our study.

It should also be noted that the hospital included in the study was a general hospital and not

just a pediatric hospital, where many of the hospitalizations are for children with chronic

conditions.

Gastroenteritis and dehydration have already been reported as major sources of hospitaliza-

tion in children, comprising almost 30% of all preventable hospitalizations, although a research

carried out in 2010 showed a 64% reduction in hospitalization rates for this condition and this

is the main reason why we also modeled eventual determinants of dehydration in our statisti-

cal analysis [15].This finding underscores the importance of timely and proper preventive

measures for these conditions. Indeed, guidelines from the Centers for Disease Control recom-

mend timely oral rehydration at home, early re-feeding, and avoidance of unnecessary medica-

tions [21],although it has been reported that CBPs and parents do not consistently follow these

guidelines[22]. Hospitalization charges due to seizures and other convulsions accounted for

15.7% of all preventable hospital admission. The mechanisms for preventing hospitalizations

due to seizures are likely similar to other conditions, including poor medication adherence

[19,23]and, timely access to health care and evidence-based practices, but it should be

highlighted that some (such as first-time) seizures cannot be controlled without hospitaliza-

tion. Further research may be required to identify those hospital admissions that are actually

preventable.

Two respiratory conditions, pneumonia and chronic obstructive pulmonary disease, com-

prised 30% of the potentially preventable pediatric hospitalizations in terms of total admis-

sions. This finding underlines the importance of the adherence to clinical guidelines by the

CBP. Indeed, recently published guidelines on treatment of community-acquired pneumonia

addresses timely and appropriate outpatient management of bacterial pneumonia[24]. Also

pneumococcal immunization rates can be associated with potentially preventable bacterial

pneumonia[25, 26].

Younger children were more likely to be hospitalized for an ACSC and for dehydration.

This finding has already been reported and in these studies younger children were also more

likely to come to the hospital without a referral[6,19].It may be hypothesized that admitting

doctors are more prone to hospitalize when the individual is an infant or young toddler, for

which some clinical conditions may be more dangerous, such as, for example, a febrile neonate

being at higher risk for serious bacterial infections than older children. Moreover, children

with younger parents had a greater risk of an avoidable hospitalization or an admission for

dehydration. In previous studies on avoidable acute respiratory diseases and diarrhea hospital-

ization, the Authors [27,28] found that children of young mothers have a greater risk of being

hospitalized, probably because young parents are less prepared to prevent and manage these

situations, which could otherwise be effectively solved according to the indications given by

the CBP.

We did not find significant associations with other socio-economic conditions investigated,

unlike other studies, that have highlighted, for example, for example how children living in

areas of high income inequality have higher rates of hospitalizations for ACSCs[29], probably

due to the universal nature of the Italian healthcare system.

Aligned with a previous study [20],our results indicate that preventable hospitalizations

and admission for dehydration were more likely in those who had not contacted the CBP

before hospitalization. Poor access to primary health care and lower adherence to the pediatric

preventive care schedule may increase the likelihood of hospitalization for ACSCs. A related
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study on asthma hospitalizations identified that failure to contact the CBP before hospitaliza-

tion was the greatest preventable risk factor for admission [10]. This finding highlights better

outpatient primary care access and follow up as key approaches for reducing these hospitaliza-

tions. This conclusion has already been reached in several surveys conducted by some of us to

assess access and satisfaction with primary care in our area which showed that many patients

prefer to seek assistance at a more high level of care[30–33]

Limitation

There are some potential limitations in the design and implementation of the study that should

be considered when interpreting the results.

First, only principal diagnoses reported in the hospital discharge form according to the

ICD-9 CM were included in our analysis. If reported secondary diagnoses were ACSCs, this

could result in an underestimation of preventable hospitalizations. However, we presumed

that hospital-based coding would be sufficient to accurately identify the most important cause

for an admission.

Second, not all ACSC hospitalizations are preventable with proper primary care, depending

on the severity of the presentation and underlying comorbidities. Thus, even with adequate

primary care, there exists the possibility that children may be hospitalized for ACSC either

because of extraneous factors or uncontrollable, fulminant exacerbation of their illness. Never-

theless ACSCs proved as useful indicators to measure the burden of preventable

hospitalizations.

Third, we collected data also through a telephone interview. Self-reported responses, espe-

cially in relation to vaccinations received, can be influenced by the tendencies of participants

to inaccurately or falsely answer the interviewer. Nevertheless, the parents were reassured that

the data were analyzed in aggregate form.

Finally, we collected data from one hospital and concern about generalizability of our

results may arise. However, although very scarce data is available in Italy on pediatric ACSCs,

it seems, as for many other health services indicators, that there are differences between North-

ern and Southern Italy. In a recent report from the Observatory of the Health of the Italian

Regions [34]pediatric avoidable hospitalization rates were similar in all Southern regions and

consistently higher compared with Northern regions. For example, for gastroenteritis the pre-

ventable hospitalization rates in Southern Italy ranged from 2.41 discharges/1.000 inhabitants

in Campania to 3.61 discharges/1.000 inhabitants in Apulia (Calabria region has a rate of 2.08

discharges/ 1.000 inhabitants). In the north of Italy rates ranged from 0.29 discharges/1.000

inhabitants in Valle d’Aosta to 1.36 discharges/1.000 inhabitants in Bozen’s autonomous

administration, whereas the overall national rate is 2.19 discharges/1.000 inhabitants [34].

Therefore, although we cannot exclude that our results pertain only to our area, we are confi-

dent that the findings of the study may be representative at least of the Southern Italian

regions, even more considering that in Southern Italy there are only three pediatric hospitals,

which are not teaching hospitals. To have more insight into provision of primary care in other

areas as measured by avoidable hospitalization, we strongly suggest replication of the study in

other regions of the country.

Conclusion

The burden of pediatric preventable hospitalizations found in our study is quite high and the

results show that there is still substantial work that lies ahead on the way to improve interac-

tion between hospital and community-based services. Efforts are still needed and should focus

on developing and implementing interventions to improve delivery of health care at the
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community level. Moreover, results show that acute illness management might benefit from

effective physician- patient communication and parent education.

Supporting information

S1 Appendix. Survey instrument.

(DOCX)

S2 Appendix. Flow chart describing the study population.

(DOCX)

S1 Database.

(XLSX)

Acknowledgments

We extend our sincere thanks to the Collaborative Working Group, who are as follows: Nicola

MS Pelle MD, Gianluca Raffaele MD, Antonio Gallucci MD (Regional Hospital of Catanzaro),

for allowing us to carry out the study and their support in the retrieval of clinical records.

Author Contributions

Conceptualization: Rossella Zucco, Claudia Pileggi, Maria Pavia.

Data curation: Claudia Pileggi, Martina Vancheri, Rosa Papadopoli, Carmelo Giuseppe

Angelo Nobile.

Formal analysis: Rossella Zucco, Claudia Pileggi, Martina Vancheri, Rosa Papadopoli, Car-

melo Giuseppe Angelo Nobile, Maria Pavia.

Supervision: Maria Pavia.

Validation: Maria Pavia.

Writing – original draft: Rossella Zucco, Martina Vancheri, Rosa Papadopoli, Maria Pavia.

References
1. Ferre F, de Belvis AG, Valerio L, Longhi S, Lazzari A, Fattore G, et al. Italy: health system review.

Health Syst Transit.2014; 16:1–168.

2. Gibbons DC,Bindman AB,Soljak MAMillett C, Majeed A. Defining primary care sensitive conditions: a

necessity for effective primary care delivery? J R Soc Med.2012; 105:422–428 https://doi.org/10.1258/

jrsm.2012.120178 PMID: 23104945

3. Gibson OR, Segal L, McDermott RA. A systematic review of evidence on the association between hos-

pitalisation for chronic disease related ambulatory care sensitive conditions and primary health care

resourcing. BMC Health Serv Res.2013; 13:336. https://doi.org/10.1186/1472-6963-13-336 PMID:

23972001

4. Flores G, Abreu M, Chaisson CE, Sun D. Keeping children out of hospitals: parents’ and physicians’

perspectives on how pediatric hospitalizations for ambulatory care-sensitive conditions can be avoided.

Pediatrics.2003; 112:1021–1030. https://doi.org/10.1542/peds.112.5.1021 PMID: 14595041

5. Casanova C, Starfield B. Hospitalizations of children and access to primary care: a cross-national com-

parison. Int J Health Serv.1995; 25:283–294. https://doi.org/10.2190/PCF7-ALX9-6CN3-7X9G PMID:

7622319

6. Medford-Davis LN, Shah R, Kennedy D, Becker E. Factors associated with potentially preventable pedi-

atric admissions vary by diagnosis: findings from a large state.HospPediatr.2016; 6:595–606.

7. Weeks WB, Ventelou B, Paraponaris A. Rates of admission for ambulatory care sensitive conditions in

France in 2009–2010: trends, geographic variation, costs, and an international comparison. Eur J

Health Econ.2016; 17:453–470. https://doi.org/10.1007/s10198-015-0692-y PMID: 25951924

Preventable pediatric hospitalizations

PLOS ONE | https://doi.org/10.1371/journal.pone.0221852 October 23, 2019 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221852.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221852.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221852.s003
https://doi.org/10.1258/jrsm.2012.120178
https://doi.org/10.1258/jrsm.2012.120178
http://www.ncbi.nlm.nih.gov/pubmed/23104945
https://doi.org/10.1186/1472-6963-13-336
http://www.ncbi.nlm.nih.gov/pubmed/23972001
https://doi.org/10.1542/peds.112.5.1021
http://www.ncbi.nlm.nih.gov/pubmed/14595041
https://doi.org/10.2190/PCF7-ALX9-6CN3-7X9G
http://www.ncbi.nlm.nih.gov/pubmed/7622319
https://doi.org/10.1007/s10198-015-0692-y
http://www.ncbi.nlm.nih.gov/pubmed/25951924
https://doi.org/10.1371/journal.pone.0221852


8. Pirani M, Schifano P, Agabiti N, Davoli M, Caranci N, PerucciCA. Potentially avoidable hospitalisation in

Bologna, 1997–2000: temporal trend and differences by income level. Epidemiol Prev.2006; 30:169–

177. PMID: 17051941

9. Rizza P, Bianco A, Pavia M, Angelillo IF. Preventable hospitalization and access to primary health care

in an area of Southern Italy. BMC Health Serv Res.2007; 7:134. https://doi.org/10.1186/1472-6963-7-

134 PMID: 17760976

10. Flores G,Abreu M, Tomany-Korman S, Meurer J. Keeping children with asthma out of hospitals:

parents’ and physicians’ perspectives on how pediatric asthma hospitalizations can be prevented. Pedi-

atrics. 2005; 116:957–965. https://doi.org/10.1542/peds.2005-0712 PMID: 16199708

11. Manzoli L,Flacco ME,De Vito C,Arcà S,Carle F,Capasso L, et al. AHRQ prevention quality indicators to

assess the quality of primary care of local providers: a pilot study from Italy. Eur J Public Health. 2014;

24:745–750. https://doi.org/10.1093/eurpub/ckt203 PMID: 24367065

12. McDonald KM, Davies SM, Haberland CA, Geppert JJ, Ku A, Romano PS. Preliminary assessment of

pediatric health care quality and patient safety in the United States using readily available administrative

data. Pediatrics. 2008; 122:e416–425. https://doi.org/10.1542/peds.2007-2477 PMID: 18676529

13. Flores G, Abreu M, Chaisson CE, Sun D. Keeping children out of hospitals: parents’ and physicians’

perspectives on how pediatric hospitalizations for ambulatory care-sensitive conditions can be avoided.

Pediatrics.2003; 112:1021–1030. https://doi.org/10.1542/peds.112.5.1021 PMID: 14595041

14. Scarcella C, Lonati F. Metodologie e strumenti per la gestione delle cure primarie. Modelli ed esper-

ienze a confronto. Maggioli Editore. 2012.

15. Torio CM, Elixhauser A, Andrews MR. Trends in potentially preventable hospital admissions among

adults and children, 2005–2010. Healthcare Cost and Utilization Project (HCUP) Statistical Briefs.

2013.

16. Luciano L, Lenzi J, McDonald KM, Rosa S, Damiani G, Corsello G, et al. Empirical validation of the

"pediatric asthma hospitalization rate" indicator.https://www.ncbi.nlm.nih.gov/pubmed/24447802 Ital J

Pediatr.2014; 40:7. https://doi.org/10.1186/1824-7288-40-7 PMID: 24447802

17. Luciano L, Lenzi J, McDonald KM, Rosa S, Damiani G, Corsello G, et al. Empirical examination of the

indicator ‘pediatric gastroenteritis hospitalization rate’ based on administrative hospital data in Italy. Ital

J Pediatr.2014; 40:14. https://doi.org/10.1186/1824-7288-40-14 PMID: 24512747

18. Stata Corporation. Stata reference manual. Release 14. College Station TX. 2009.

19. Lu S, Kuo DZ. Hospital charges of potentially preventable pediatric hospitalizations.AcadPediatr.2012;

12:436–444.

20. Coller RJ, Kelly MM, Ehlenbach ML, Goyette E, Warner G, Chung PJ. Hospitalizations for ambulatory

care-sensitive conditions among children with chronic and complex diseases. J Pediatr.2018; 194:218–

224. https://doi.org/10.1016/j.jpeds.2017.10.038 PMID: 29198530

21. King C, Glass R, Bresee J, Duggan C. Managing acute gastroenteritis among children. MMWR: Rec-

ommendations and reports. Avaible at: http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5216a1.htm.

22. Li J, Patel B, Giardino AP, Battenfield KA, Macias CG. Comparison of primary physician patterns of and

attitudes on emergency department use. Pediatr Emerg Care.2012; 28:1353–1360. https://doi.org/10.

1097/PEC.0b013e318276c228 PMID: 23187997

23. Modi AC, Rausch JR, Glauser TA. Patterns of nonadherence to antiepileptic drug therapy in children

with newly diagnosed epilepsy. JAMA.2011; 305:1669–1676. https://doi.org/10.1001/jama.2011.506

PMID: 21521848

24. World Health Organization. Recommendations for management of common childhood conditions. New-

born conditions, dysentery, pneumonia, oxygen use and delivery, common causes of fever, severe

acute malnutrition and supportive care. 2012. Available at: http://apps.who.int/iris/bitstream/handle/

10665/44774/9789241502825_eng.pdf?sequence

25. Zhou F, Kyaw MH, Shefer A, Winston CA, Nuorti JP. Health care utilization for pneumonia in young chil-

dren after routine pneumococcal conjugate vaccine use in the united states. Arch Pediatr Adolesc

Med.2007; 161:1162–1168. https://doi.org/10.1001/archpedi.161.12.1162 PMID: 18056561

26. Gentile A, Bazán V. Prevention of pneumococcal disease through vaccination.Vaccine.2011; 29:15–

25.

27. Konstantyner T, Warkentin S, Taddei JA. Prevalence and determinants of vitamin A deficiency among

brazilian children under 2 years of age from the 2006 national demographic health survey. Food Nutr

Bull.2014; 35:422–430. https://doi.org/10.1177/156482651403500404 PMID: 25639127

28. Maranhão TA, Gomes KR, Silva JM. Factors affecting young mothers’ social and family relations after

pregnancy. Cad Saude Publica.2014; 30:998–1008. https://doi.org/10.1590/0102-311x00024313

PMID: 24936816

Preventable pediatric hospitalizations

PLOS ONE | https://doi.org/10.1371/journal.pone.0221852 October 23, 2019 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/17051941
https://doi.org/10.1186/1472-6963-7-134
https://doi.org/10.1186/1472-6963-7-134
http://www.ncbi.nlm.nih.gov/pubmed/17760976
https://doi.org/10.1542/peds.2005-0712
http://www.ncbi.nlm.nih.gov/pubmed/16199708
https://doi.org/10.1093/eurpub/ckt203
http://www.ncbi.nlm.nih.gov/pubmed/24367065
https://doi.org/10.1542/peds.2007-2477
http://www.ncbi.nlm.nih.gov/pubmed/18676529
https://doi.org/10.1542/peds.112.5.1021
http://www.ncbi.nlm.nih.gov/pubmed/14595041
https://www.ncbi.nlm.nih.gov/pubmed/24447802
https://doi.org/10.1186/1824-7288-40-7
http://www.ncbi.nlm.nih.gov/pubmed/24447802
https://doi.org/10.1186/1824-7288-40-14
http://www.ncbi.nlm.nih.gov/pubmed/24512747
https://doi.org/10.1016/j.jpeds.2017.10.038
http://www.ncbi.nlm.nih.gov/pubmed/29198530
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5216a1.htm
https://doi.org/10.1097/PEC.0b013e318276c228
https://doi.org/10.1097/PEC.0b013e318276c228
http://www.ncbi.nlm.nih.gov/pubmed/23187997
https://doi.org/10.1001/jama.2011.506
http://www.ncbi.nlm.nih.gov/pubmed/21521848
http://apps.who.int/iris/bitstream/handle/10665/44774/9789241502825_eng.pdf?sequence
http://apps.who.int/iris/bitstream/handle/10665/44774/9789241502825_eng.pdf?sequence
https://doi.org/10.1001/archpedi.161.12.1162
http://www.ncbi.nlm.nih.gov/pubmed/18056561
https://doi.org/10.1177/156482651403500404
http://www.ncbi.nlm.nih.gov/pubmed/25639127
https://doi.org/10.1590/0102-311x00024313
http://www.ncbi.nlm.nih.gov/pubmed/24936816
https://doi.org/10.1371/journal.pone.0221852


29. Bettenhausen JL, Colvin JD, Berry JG, Puls HT, Markham JL, Plencner LM, et al. Association of Income

Inequality with pediatric hospitalizations for ambulatory care-sensitive conditions. JAMA Pediatr. 2017;

171:170322.

30. Pileggi C, Carbone V, Pavia M, Angelillo IF. Patients’ perceptions and related behaviours on role of pri-

mary care physician in Italy. Eur J Public Health.2004; 14:258–260. https://doi.org/10.1093/eurpub/14.

3.258 PMID: 15369030

31. Pileggi C, Mascaro V, Bianco A, Pavia M. Over-the-Counter Drugs and Complementary Medications

Use among Children in Southern Italy. Biomed Res Int.2015; 2015:413912. https://doi.org/10.1155/

2015/413912 PMID: 26106606

32. Manuti B, Rizza P, Pileggi C, Bianco A, Pavia M. Assessment of perceived health status among primary

care patients in Southern Italy: findings from a cross-sectional survey. Health Qual Life Outcomes.2013;

11:93. https://doi.org/10.1186/1477-7525-11-93 PMID: 23758708

33. Manuti B, Rizza P, Bianco A, Nobile CG, Pavia M. The quality of preventive health care delivered to

adults: results from a cross-sectional study in Southern Italy. BMC Public Health.2010; 10:350. https://

doi.org/10.1186/1471-2458-10-350 PMID: 20565822

34. Rapporto Osservasalute 2018. Stato di salute e qualità dell’assistenza nelle regioni italiane. 2018. Avail-

able at: https://www.osservatoriosullasalute.it/wp-content/uploads/2019/05/ro-2018.pdf

Preventable pediatric hospitalizations

PLOS ONE | https://doi.org/10.1371/journal.pone.0221852 October 23, 2019 13 / 13

https://doi.org/10.1093/eurpub/14.3.258
https://doi.org/10.1093/eurpub/14.3.258
http://www.ncbi.nlm.nih.gov/pubmed/15369030
https://doi.org/10.1155/2015/413912
https://doi.org/10.1155/2015/413912
http://www.ncbi.nlm.nih.gov/pubmed/26106606
https://doi.org/10.1186/1477-7525-11-93
http://www.ncbi.nlm.nih.gov/pubmed/23758708
https://doi.org/10.1186/1471-2458-10-350
https://doi.org/10.1186/1471-2458-10-350
http://www.ncbi.nlm.nih.gov/pubmed/20565822
https://www.osservatoriosullasalute.it/wp-content/uploads/2019/05/ro-2018.pdf
https://doi.org/10.1371/journal.pone.0221852

