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What do we know about the subject matter of this study?

There is an increase in the prevalence of children with chronic and
complex pathology. These patients have a higher number of admis-
sions, longer stays, and require more healthcare resources, which
generate high economic costs.

What does this study contribute to what is already known?

Our study describes neurological pathology as the main condition
among children with chronic and complex pathology. In addition,
it shows that patients with three or more chronic conditions and
those with technological support are more frequently hospitalized.

Abstract

Advances in medical care have increased the survival of children with complex chronic pathology
(CCP). Objective: to analyze the epidemiological and clinical characteristics of a cohort of children
with CCP. Patients and Method: retrospective descriptive study performed in a tertiary hospital bet-
ween June 2017 and June 2020, which included patients with CCP criteria. Epidemiological, clinical,
admissions, and services involved data were collected and analyzed. Statistical analysis was perfor-
med using SPSS v22.0 software. Results: 323 patients (mean age 7 years) were included. 93.1% had
a multisystem disease, with neurological (87.3%) and gastrointestinal (34.1%) as the most frequent
chronic conditions. 39.9% were technology dependent. The main diagnoses were Infantile Cerebral
Palsy (23.5%) and Epileptic Encephalopathy (13.9%). Each patient was in follow-up by 5 specialists
on average. Of the patients, 85.1% were admitted at some time, with a total of 739 admissions. The
mean length of stay was 8.7 days. Technology-dependent patients accounted for 54.7% of hospi-
talizations. The reasons for admission were acute illness (64.3%), surgery (20.3%), and diagnostic
procedure (15%). ICU was required in 23.1%. 62 admissions were partially carried out by the Home
Hospitalization Unit. Conclusions: Children with CCP require an increased number of admissions
and multiple specialists. The implementation of specialized referral units may be useful to improve
their care.
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Introduction

Recent advances and improvements in pediatric
care have led to reduced infant mortality and increa-
sed survival of children with serious illnesses, causing
an increase in the prevalence of children with chronic
pathology, with increased fragilty and medical comple-
xity'”.

Children with special health care needs (CSHCN)
are those who present or have a bigger risk to pre-
sent a chronic physical, developmental, behavioral, or
emotional pathology, and who therefore have a higher
consumption of health care resources than the general
pediatric population®’. Within this group are medica-
lly complex children (MCC) or children with complex
chronic conditions (CCC). The most widely agreed
definition of these children with CCCs refers to those
patients with a medical condition that can reasonably
be expected to last at least 12 months (unless death oc-
curs) and involves different systems, usually more than
two®>1%, The ICD-10 coding system expanded the defi-
nition to include patients with chronic pathology from
the neonatal period, technology-dependent children
daily, and organ transplant recipients™.

These patients require a higher number of admis-
sions, preferably in tertiary hospitals, either on the
ward or in intensive care units (ICU), with longer
stays, more resource consumption and need for servi-
ces and specialists®!*!11213 Tn addition, studies in the
United States have shown that, although they account
for 13-18% of all children seen, they may be respon-
sible for 80% of the cost of child health care'. On the
other hand, when they reach adulthood, these patients
continue to require medical attention and a transition
from pediatrics to internist care becomes advisable®*.

As aresult of the growing need for a comprehensive
and coordinated assessment of these patients, speciali-
zed CCC units have been formed. There is already ex-
tensive literature that supports the significant impro-
vement in medical care in different areas, highlighting
a positive perception in patients, families, and health
professionals'®>!; in addition to significantly redu-
cing total medical costs.

The objective of this study is to analyze the epi-
demiological and clinical characteristics of children
who meet CCC criteria and who are in follow-up at
the Hospital Infantil Universitario Nifio Jestis de Madrid
(Spain), as well as the services involved in their follow-
up, and the hospital admissions produced.

Patients and Method

The study was carried out at the Hospital Infantil
Universitario Nifio Jestis de Madrid (Spain), a tertiary-
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level hospital that is the highest level of complexity
according to the Spanish classification, providing care
to up to 18 years of age. The center is located in the
Community of Madrid, a region with a population of
6,736,407 inhabitants, including 1,354,727 children
under 18 years of age. It has 180 basic care beds belon-
ging to medical and surgical services, and 16 general
pediatric intensive care beds (ICU). The hospital does
not have a Neonatology service but attends newborns
once they are discharged after 48 hours of life.

The services correspond to different medical and
surgical specialties, one of them being the General
Pediatrics unit. This service includes five sections:
conventional hospitalization of acute patients, hos-
pitalization of acute patients at home (UHAD), so-
cial pediatrics, adolescent pediatrics, and outpatient
consultation of general pediatrics. The objective of
the UHAD is to continue or initiate the admission of
certain patients who meet a series of requirements of
medical stability, geographic location, and family tra-
ining at home; with daily monitoring by medical and
nursing staff, improving recovery from the disease and
greater compliance and family involvement in the care
of the patient. The general pediatrics office attends to
children with different pathologies and complexity,
who require resources that cannot be managed directly
by Primary Care.

Our study included those children with CCC trea-
ted in the General Pediatrics Service between June 10,
2017, and June 10, 2020, during hospital admission
or consultation. During the study time, 19,820 hos-
pital admissions were recorded, of which 5,713 were
scheduled and 14,107 were due to urgent pathology.
Of these, 5,001 corresponded to the General Pediatrics
Section. Likewise, during this time, a total of 438,829
consultations were made, of which 13,621 were carried
out in General Pediatrics.

Patients were selected assuming the circumstances
of chronicity and complexity based on the diagnosis or
base diagnoses recorded. The criterion for being cate-
gorized as CCC was to meet at least one of these two
conditions: (a) severe multisystem disease: the presen-
ce of 2 or more complex health conditions, of chronic
evolution or expected to last for a prolonged period
(> 2 months), or (b) presence of a complex health
condition with dependence on technological support
(auxiliary medical-technology devices used daily) and/
or need for special care in the hospital or at home that
is essential to prevent the patient’s deterioration. Given
their special nature, oncologic patients were excluded.

The clinical histories were reviewed in the hospital’s
computer program (HCIS), collecting and analyzing
the epidemiological and clinical data of each patient, as
well as the services involved in their follow-up and the
main characteristics of hospital admissions such as age,
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reason for hospitalization, service in charge, duration,
diagnosis at discharge, complications, and need for
ICU admission. With the data recorded, we compared
the different variables between patients who had 3 or
more chronic conditions with respect to those with less
than 3, and between technology-dependent and non-
technology-dependent patients.

Statistical analysis was performed with the IBM
SPSS Statistics 23.0 software. The project was appro-
ved by the Clinical Research Ethics Committee of the
Hospital, and with the consent of the relatives of the
patients involved.

Results

Epidemiological data

We included 323 patients who met the inclusion
criteria, of whom 54.8% were male (Table 1). The me-
dian age was 7 £ 5 years (IQR 7.1). The referral hos-
pital was the Hospital Nifio Jestis for 80.5% of the pa-
tients, while 63 (19.5%) were outpatients (mainly seen
in other hospitals).

Clinical data

The criterion for inclusion as children with CCC
was to present severe multisystem disease in 93.1%
of the cases. Of these, 129 patients (39.9%) needed at
least one technological support device (Figure 1). The
most frequently observed chronic condition was neu-
rologic (87.3%), gastrointestinal (54.5%), endocrino-
logic (34.1%), and respiratory (32.3%) pathology. 271
patients (83.9%) had a disease diagnosed at birth. The
main underlying pathologies (Table 1) were infantile
cerebral palsy (CP) (23.5%) and developmental and
epileptic encephalopathy (DEE) (13.9%).

Follow-up

The main services involved in outpatient follow-up
were: Neuropediatrics 52% (168), General Pediatrics
44.6% (144), Gastroenterology and Nutrition 42.7%
(138), Rehabilitation 42.4% (137), and Orthopedic

Table 1. Main epidemiological characteristics (sex and diagnosis)
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Surgery and Traumatology (OST) 36.8% (119). The
median number of services involved per patient was 5
(IQR 4). 53.2% of children were followed by 5 or more
different services, and the median number of services
was higher in patients with 3 or more chronic condi-
tions (Table 2).

Admissions

During the study time, 739 admissions were recor-
ded at the Hospital Nifio Jestis (3.7% of total hospitali-
zations). Of the total admissions (404), 54.7% corres-
ponded to patients requiring technological support.
The mean length of stay was 8.7 days (range 1 - 174).
The mean age at admission was 5 * 4 years. There were
no differences by sex. Among the baseline diagnoses,
23.5% of the admitted patients had CP, 22.9% had
DEE, and 10.9% had Down syndrome.

60.1% of the patients were admitted from the
emergency department, 20.3% were admitted for sche-
duled surgery, and 15% for another type of procedure
or diagnostic test. The main reason for admission was
an acute pathology (64.3%), with neurological causes
in 42% of cases (320 admissions), infectious in 41.6%
(307), respiratory in 29.5% (218), and gastrointestinal
in 16.3% (123). Figure 2 shows the main discharge
diagnoses.

General pediatrics accounted for 41.5% of admis-
sions (accounting for 6.1% of admissions to this ser-
vice), Neuropediatrics for 18.1%, and surgical servi-
ces for 22.3%, mainly OST (8.3%). On 171 occasions
(23.1%), the patient required ICU, with a mean stay of
7.5 days (range 1 - 168). The percentage of ICU hospi-
talization was higher in patients with 3 or more chro-
nic conditions (25.1%) and technology-dependent pa-
tients (26.1%) compared with patients with less than 3
chronic conditions (20.9%) (Table 2) and non-tech-
nology-dependent (19.3%) (Table 3).

In 2019, an individualized assessment of hospita-
lizations showed a high need for complementary tests
among admitted children with CCC (blood tests 75%,
microbiological studies 68%, chest X-ray 55%), as well
as treatments (antibiotics 75%, oxygen therapy 65.5%,

DIAGNOSIS Total
Cerebral Palsy (CP) Development and Down syndrome Other diagnoses
Epileptic Encephalopathy
(DEE)

Sex Male 40 22 25 90 177
Female 36 23 10 77 146
Age (mean) 9.7+538 72+5 4.6+3.7 6.29 £ 5.1 7+5.1
Total 76 45 35 167 323

PCI: parélisis cerebral infantil.
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Table 2. Comparison of children with complex chronic conditions according to the number of chronic conditions

Variables 3 or more chronic Less than 3 chronic con- p value
conditions ditions

n (%) 153 (47.3%) 170 (52.7%)

Male sex 85 (55.5%) 92 (54.1%) 0.795

Number of services involved in follow-up per patient (mean) 5.81 (rango 0-11) 4.76 (rango 0-13) <0.01*

1 or more admissions 131 (85.6%) 144 (84.7%) 0.039*

Number of admissions (mean) 2.86 (rango 0-29) 1.94 (rango 0-11) <0.01~

Mean length of stay (days) 9.1 (rango 1-173) 8.2 (rango 1-136) 0.607

ICU hospitalization (admissions) 98 (25.6%) 73 (20.9%) 0.031*

Mean length of stay in ICU (days) 7.7 (rango 1-53) 7.3 (rango 1-157) 0.967

*Statitiscal significance, p < 0.05. ICU: Intensive Care Unite.

anticonvulsants 44%), and referrals to other services
(60.2%).

The Acute Hospitalization at Home Unit (UHAD)
started its activity in November 2018 (during the study
period). A total of 62 admissions were recorded (15.7%
of hospitalizations since that date), with a mean hospi-
talization at the home of 5.8 + 4.8 days (range 1 - 33).
Finally, 4 deaths were recorded during the period stu-
died (1.2% of the sample), all of which required the use
of appropriate therapeutic measures.

Discussion

Tertiary pediatric hospitals are experiencing an
increase in the number of patients classifiable as

CCC">Y. The Hospital Nifio Jestis is no exception,
probably because it is a reference center for subspecial-
ties such as neuropediatrics. However, although there
is a consensus definition, comparisons between hospi-
tals are difficult because the criteria for defining these
patients differ according to the study*™'®.

Before this work, few articles had been published in
Spanish language on CCC. In Chile, Flores et al* com-
pared the main hospitalization data between children
and youth with special health care needs (CYSHCN)
and the rest of the patients (NON-CYSHCN). In Brazil,
Moura EC et al were the first to measure national CCC
hospitalization data (331 per 100,000 inhabitants). In
Spain, the Hospital Universitario La Paz was the first in
Madrid to create a CCC Unit. It reported having ca-
red for 1027 patients between 2008 and 2016". Later,
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Table 3. Comparison of children with chronic complex conditions according to the need of medical technologies/devices

Variables Need of medical tech-  No need of medical tech- p value
nologies nologies

n (%) 129 (39.9%) 194 (60.1%)

Male sex 67 (51.9%) 110 (56.7 %) 0.40

Number of services involved in follow-up per patient (mean) 5.28 (rango 0-11) 5.24 (rango 0-13) 0.89

1 or more admissions 120 (93.1%) 155 (79.9%) <0.01*

Number of admissions (mean) 3.25(0-11) 1.94 (0-29) <0.01*

Mean length of stay (days) 8.8 (rango 1-174) 8.5 (rango 1-137) 0.728

ICU hospitalization (admissions) 109 (26.1%) 62 (19.3%) 0.031*

Mean length of stay in ICU (days) 7.1 (rango 1-158) 8.4 (rango 1-53) 0.55

*Statitiscal significance, p < 0.05. ICU: Intensive Care Unite.

Sanchez-Penela et al. analyzed admissions to the Ge-
neral Pediatrics ward of the Hospital Sant Joan de Déu
in Barcelona between December 2016 and November
2017, observing 14.4% of CCC".

Both in the previously reviewed studies*>'® and in
ours, the most frequently observed chronic condition
is neurological involvement. Climent et al.'® note that
other chronic conditions, mainly gastroenterologi-
cal and respiratory, often present as comorbidities of
the former. In our sample, the most repeated baseli-
ne diagnoses were ICP and Epileptic Encephalopathy,
compatible entities that are usually the result of Hy-
poxic-Ischemic Encephalopathy (HIE) in the neonatal
period. In addition, despite being a small sample, the
percentage of males affected by ICP is higher, in agre-
ement with previous literature*>* (Table 1). The third
most frequent underlying diagnosis is Down syndrome

4,5,18
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(10.8%), for which there is a specialized consultation
unit at the Hospital Nifio Jesiis, and which presents
great variability in the clinical manifestations and
chronic conditions generated. Comparing our data,
39.9% of the patients required technological support,
a lower percentage than that reported by Climent et al
(69.54%)18 or Sdnchez-Penela et al (44.7%)".

The management of these patients is usually multi-
disciplinary. Of our children, 53% were followed by 5
or more specialties (Table 2). This highlights the need
to create coordination units specialized in the care of
children with CCC. There is already a large literatu-
re on this subject in English">3!*15212223 and in Spa-
nish®'®!%2¢_ In September 2020, the Hospital Nifio Je-
stis inaugurated a Chronic Pathology and Complexity
Unit. The high level of parental satisfaction with these
units has been previously demonstrated'>>.
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Our study included 739 admissions over 3 years.
The percentage of admissions corresponding to CCC
is probably higher than that recorded (3.7%) since
only patients treated at some time in general pedia-
trics were included. Flores et al recorded 183 hospi-
talizations in only 3 months* and Sanchez-Penela et
al reported 207 admissions of CCC during one year®,
although their data only referred to the General Pedia-
trics service. It is well known that children with CCC
have a higher number of admissions than other chil-
dren'??*?” and that these tend to be longer and require
more resources'**%. In the study by Flores et al, 60.8%
of admissions corresponded to patients categorized as
CYSHCN, and 19.9% to the CYSHCN-3 group (fo-
llowed by 3 or more health professionals)*. A study by
Pérez-Moreno et al. analyzed all pediatric admissions
to the Hospital Gregorio Marafion in Madrid and es-
tablished that chronicity was the main risk factor for
admission to Pediatrics®.

It would also be logical to think that patients with
a greater number of chronic conditions or requiring
technical support would have an even higher number
of admissions and that these would be more serious.
In our analysis, we detected statistically significant di-
fferences in the percentage of hospitalization and the
number of admissions both in patients with 3 or more
chronic conditions compared with the rest of the pa-
tients (Table 2) and in those with technological sup-
port (Table 3) compared with those without it. These
data complement those of Flores et al.*, which showed
that the most severe chronic patients (CYSHCN-3)
had 1.99 times the relative risk of prolonged hospita-
lization. The mean length of stay of admissions in our
sample is prolonged (8.7 days). However, this average
could be decreased due to the high percentage of pa-
tients hospitalized in a short period only for a single
procedure or diagnostic test (15%).

This work does not include a socioeconomic analy-
sis, which is present in other articles. However, the
analysis of the 2019 admissions showed a high propor-
tion of patients requiring complementary tests, respi-
ratory support, antibiotics, antiepileptic treatments,
and the involvement of other services.

Also striking is the percentage of hospitalized pa-
tients with neurological pathology, particularly epilep-
tic encephalopathy (22.9% of admissions, with only
13.9% being children). A total of 14.9% of admissions
were due to the onset or poor control of epileptic seizu-
res (Figure 2). However, as in the rest of the children,
infectious and respiratory causes are the other main
causes of hospitalization, coinciding with the studies
of Sédnchez-Penela et al'® and Flores et al*. Other fre-
quent diagnoses are pneumonia, bronchitis, bronchio-
litis, bronchopneumonia, and bronchospasm. Patients
with neurological involvement have greater difficulty
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in eliminating secretions, increasing the risk of bron-
chospasm™.

A high number of hospitalizations are due to sur-
gery (20.3%) and procedures or diagnostic tests (15%).
Children with ICP require frequent admissions for
spasticity-related management or surgeries, either for
relief (peripheral tenotomies and botox injections)
or for after-effects (osteotomies or scoliosis surgery).
Other reasons for admission are the study or treatment
of epilepsy (video-electroencephalogram, establish-
ment of ketogenic diet), and the initiation or modifica-
tion of enteral support. Our figure for gastrostomy ca-
rriers (15.2%) is lower than that of other studies'>!®

We can infer that CCC admissions tend to be more
severe. In our sample, there was a high percentage of
admissions to the ICU (23.1%), which was also higher
in technology-dependent patients (26.1%) (Table 3)
and with 3 or more chronic conditions (25.1%) (Ta-
ble 2); with similar lengths of stay. Flores et al. have
already reported a higher relative risk of admission to
the ICU (1.58 times more than non-chronic patients)*.
In general, ICU admissions of children with CCC are
common*'*! even when their condition is not so seve-
re, possibly due to the lack of specialized hospital units
with specifically trained personnel. Climent et al. infe-
rred that the high ratio of patients per physician and
nurse does not allow adequate care for these children'®.

Finally, we emphasize the usefulness of the Acu-
te Hospitalization at Home Unit (UHAD), which,
although it was theoretically created to care for the
acute patient, was used by CCC on numerous occa-
sions (15.7% of admissions since its opening). From
our point of view, CCC home care should be contem-
plated for two reasons: because these patients suffer
acute processes that require more frequent hospitaliza-
tions than the rest and because their parents are usua-
lly trained to perform medical care, especially when
they need technological support or special attention.
This would avoid problems derived from long hospital
stays'>® such as the risk of nosocomial infections, and
would facilitate family reconciliation. There is already
literature that supports this from a technical® and ethi-
cal perspective's.

We believe that our study is relevant, because there
are still few similar publications in Spanish, particu-
larly with such a large sample size (323 patients and
739 admissions), and also because it incorporates an
analysis of admissions with a comparison between the
most and least severe patients, and between technolo-
gy-dependent patients and non-technology-dependent
patients. Till the date, only Flores et al. and Sanchez-
Penela et al. had published data on this subject in Spa-
nish®'® with other analyses in English'®!t1h12:26,

The main weaknesses of this study are its retrospec-
tive design, the great heterogeneity of diagnosis, origin,
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and management of the patients included, and the im-
possibility of registering all CCC under follow-up in
the hospital, which makes it difficult to draw generali-
zed conclusions.

Conclusions

According to the literature, there is a current in-
crease in the number of children with CCC. The re-
sults of the study show that most of our patients had a
neurological pathology, a possible conditioning factor
for the rest; and that patients with more than 3 chro-
nic conditions and those requiring technical assistance
need more admissions than the others.

Given this circumstance, and in agreement with
other authors, we consider the creation of reference
units for the management of children with CCC to be
positive, following the example of the existing ones.
The coordination of these units with home hospitaliza-
tion units could be useful and safe if there is adequate
medical supervision and family training.
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