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ABSTRACT
Introduction. The Functional Status Scale (FSS) 
was developed to measure acquired morbidity 
in pediatric patients.
Objective. To estimate the incidence of acquired 
morbidity in the pediatric intensive care unit 
(PICU) and the presence of associated factors, and 
describe functional status after hospital discharge.
Population and methods. Prospective cohort. 
All PICU admissions between August 2016 and 
July 2017. The FSS was used to measure acquired 
morbidity during hospitalization and up to 
1 year after discharge. A univariate analysis was 
performed to investigate morbidity-associated 
factors.
Results. A total of 842 patients were included. 
The incidence of morbidity at the PICU was 
3.56 % (30/842) and persisted at 0.7 % for the 
entire cohort at hospital discharge (6/842). 
Within 1 year after discharge, the functional 
status of 3/6 patients improved. The univariate 
analysis showed an association between acquired 
morbidity at the PICU and the PIM2 score 
(odds ratio [OR]: 1.04; 95 % confidence interval 
[CI]: 1.01-1.07; p = 0.007), age younger than 1 
year (OR: 2.93; 95 % CI: 1.36-6.15; p = 0.004), the 
use of assisted mechanical ventilation (AMV) 
(OR: 7.83; 95 % CI: 3.31-18.49; p = 0.0001) and 
central venous catheter (CVC) (OR: 38.08; 95 % CI: 
5.16-280.95; p = 0.0001), and prolonged hospital 
stays (OR: 9.65; 95 % CI: 4.33-21.49; p = 0.0001).
Conclusions. The incidence of morbidity was 
3.56 % and was associated with an age younger 
than 1 year, patient severity at the time of 
admission, the use of AMV and CVC, and 
prolonged hospital stays.
Key words morbidity, functional status scale, 
pediatrics, intensive care.
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INTRODUCTION
Mortality in the pediatric intensive 

care unit (PICU) has decreased, since 
the beginning of the specialty, from 
8-18 % to 3-5 % reported nowadays.1,2 
However, if we take into consideration 
t h a t  s u r v i v o r s  c a n  e x p e r i e n c e 
functional disorders that worsen their 
health status, mortality may not be the 
only significant outcome variable at 
the PICU.1

The concept of morbidity usually 
refers to a deviation from the expected 
results of health care. In the context 
of critically-ill pediatric patients, it 
may be considered as the result of the 
course of certain disease and of the 
care provided in the PICU.3

The incidence of morbidity may 
be assessed with indicators, such as 
the development of multiple organ 
dysfunction, the need for vasoactive 
drugs, assisted mechanical ventilation 
(AMV) requirement, and the incidence 
of nosocomial infections.3-5 However, 
there is growing recognition that the 
concept of morbidity is associated 
with decreases in patients’ functional 
status, which persist after the hospital 
stay.3

In 2009, Pollack et al., developed 
the Functional Status Scale (FSS) in 
order to obtain an easy quantitative 
measure concerning the performance 
of activities of daily living in critically-
ill pediatric patients. A difference 
of 3 points or greater from baseline 
to hospital discharge defines the 
presence of morbidity acquired during 
hospitalization.6,7

In recent years, several published 
studies have used this tool in order 
to assess morbidity at the PICU, 
comparing it with other scales and 
applying it to different subpopulations 
of critically-ill pediatric patients.8-13 
Nevertheless, its use is still rare in our 
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region, except for its validation and use in some 
Brazilian PICUs.8,14

The objective of this study was to estimate the 
incidence of acquired morbidity among pediatric 
patients at the time of discharge from the PICU 
of Hospital Italiano de Buenos Aires (HIBA) by 
using the FSS. The secondary objectives included 
assessing factors associated with acquired 
morbidity at PICU discharge and describing 
the course 1 year after hospital discharge in this 
subgroup of patients.

METHODS
Setting

The PICU at HIBA is a multidisciplinary, 
20-bed, closed unit which is part of a general 
teaching  hospi ta l  cer t i f i ed  by  the  Jo int 
Commission International (JCI). Approximately 
800-850 patients are admitted every year and 
care is provided to patients with prevalent 
conditions, transplants, and cancer, and to 
patients who have undergone general surgery, 
cardiovascular surgery, neurosurgery, and solid 
organ transplantation.

Design, population, and study period
This was a prospective,  cohort  study. 

Data were obtained from a database that was 
specifically created for the follow-up of all 
patients admitted to the PICU during a 12-month 
period between August 2016 and July 2017. The 
functional status of patients with morbidity 
acquired during hospitalization was assessed up 
to 12 months after hospital discharge.

Operationalization of variables
The following variables were defined:

• Morbidity at PICU discharge: The presence 
of morbidity at PICU discharge is defined 
as an FSS variation of 3 points or more from 
admission to PICU discharge.7

• Morbidity at hospital discharge: The presence 
of morbidity at hospital discharge is defined 
as an FSS variation of 3 points or more from 
admission to hospital discharge.7

• Balance indicators: The following variables 
were recorded for all patients included in 
the study: age and sex; diagnostic category; 
mortality risk score, Pediatric Index of 
Mortality 2 (PIM2); length of stay at the PICU; 
mortality at the PICU; days of AMV; use of 
central venous catheter (CVC); use of renal 
replacement therapy; and use of extracorporeal 
membrane oxygenation (ECMO).

Instrument used to estimate morbidity
The FSS was used to estimate morbidity. 

This  scale  was developed and val idated 
as a tool to measure acquired morbidity in 
pediatric patients. The FSS assesses 6 domains: 
mental status, sensory, communication, motor 
function, feeding, and respiratory. The score 
of each domain may range from 1 to 5, where 
1 represents the best functional status in each 
of the domains and 5, the worst functional 
status.6 A difference of 3 points or greater 
from baseline to hospital discharge defines the 
presence of a significant change in the FSS. 
Pollack et al. have proposed the following 
functional status categories: normal function (6-
7), mild dysfunction (8-9), moderate dysfunction 
(10-15), severe dysfunction (16-20), and very 
severe dysfunction (21-30).6,7 FSS scores with 
the different domains assessed are attached in 
Annex.

Statistical analysis
Descriptive statistics. The characteristics and 

distribution of variables were analyzed, and 
means and standard deviations, medians and 
interquartile ranges, or proportions were used, 
as applicable.

Univariate analysis. A univariate analysis was 
performed to investigate the association between 
independent variables and the outcome variable 
of morbidity. Categorical independent variables 
were expressed as percentages. Continuous 
independent variables were treated in the same 
way. Student’s t test or the Wilcoxon rank-sum 
test (Mann-Whitney) were used to compare 
continuous variables, depending on the observed 
distribution. The χ² test or Fisher’s test were 
used to compare categorical variables. The 
significance level was established at 0.05. The 
statistical analysis was performed with the Stata 
9® software (StataCorp, Texas).

Ethical considerations
Data management. The information obtained 

during the study conduct was treated in 
compliance with the provisions of National Law 
No. 25326 for Personal Data Protection.

Protocol approval. The research protocol 
was approved by the Research Protocol Ethics 
Committee of Hospital Italiano de Buenos Aires 
(approval no. 5160). Given the nature of the study, 
which did not entail any risk for patients or the 
privacy of their information, researchers were 
exempt from asking for an informed consent.
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RESULTS
The study was conducted between August 

1st, 2016 and July 31st, 2017. During this period, 
842 patients were admitted to the PICU. The 
characteristics of this population are summarized 
in Table 1.

The median (25-75) FSS score at PICU admission 
was 6 (6-8). Figure 1 shows the distribution by 
functional category at admission for the entire 
cohort. A score of 6 or 7 was observed in 73.28 % 
(617/842) of patients at PICU admission, which 
corresponds to the “good functional status” 
category.

The presence of a new morbidity at PICU 
discharge was recorded in 3.56 % of patients 

(30/842). Figure 2 shows the categorization of 
patients with acquired morbidity, based on the 
FSS scores at baseline, at PICU discharge, and 
at hospital discharge. Out of the 30 patients 
with acquired morbidity at PICU discharge, 
24 (80 %) recovered functional status before 
hospital discharge. Figure 3 shows the FSS 
domains that were most affected in this group 
of patients. Although the most affected domain 
in all patients was feeding (27/30 patients), this 
alteration resolved before hospital discharge, with 
morbidity being maintained at this stage only due 
to respiratory morbidity. Only 0.7 % of patients 
(6/842) had morbidity at hospital discharge; all of 
them were discharged with tracheostomies they 
did not have at PICU admission and 4/6 were 

Table 1. Characteristics of the population (n = 842)

Variables  Summary measure Value

Age Months Median (25-75) 60 (17-152)
Sex Male n (%) 463 (54.98)
Reason for PICU admission Respiratory n (%) 89 (10.57)
 Cardiovascular n (%) 247 (29.33)
 Neurological n (%) 92 (10.93)
 Hepatological n (%) 93 (11.05)
 Renal n (%) 45 (5.34)
 Cancer n (%) 65 (7.72)
 Neuromuscular n (%) 49 (5.82)
 Other n (%) 162 (19.24)
Post-operative patients  n (%) 558 (66.27)
Surgery type Cardiovascular n (%) 124 (21.95)
 Neurosurgery n (%) 42 (7.43)
 General n (%) 199 (35.22)
 Orthopedic n (%) 69 (12.21)
 Plastic n (%) 2 (0.35)
 Transplant n (%) 24 (4.25)
 Other n (%) 105 (18.58)
Elective admissions  n (%) 593 (70.43)
PIM2  Median (25-75) 1.6 (0.2-2.6)
Good functional status at PICU admission (FSS 6-7)  n (%) 617 (73.28)
Assisted mechanical ventilation  n (%) 263 (31.24)
Central venous catheter  n (%) 380 (45.13)
Renal replacement therapy  n (%) 61 (7.24)
ECMO  n (%) 14 (1.66)
Length of stay (days)  Median (25-75) 3 (1-6)
Days of AMV  Median (25-75) 2 (1-6)
Mortality at the PICU  n (%) 33 (3.92)
Morbidity at the PICU  n (%) 30 (3.56)
Morbidity at hospital discharge  n (%) 6 (0.7)

ECMO: extracorporeal membrane oxygenation, PICU: pediatric intensive care unit, FSS: Functional Status Scale,  
AMV: assisted mechanical ventilation, PIM2: Pediatric Index of Mortality 2.
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Figure 1. Distribution of functional status categories at admission to the pediatric intensive care unit (n = 842)

This figure shows the distribution of patients of the entire cohort, according to the FSS score assigned at PICU admission.
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Figure 2. Distribution of patients with acquired morbidity at discharge from the pediatric intensive care unit (n = 30)

This figure shows the FSS categories of patients with morbidity at PICU discharge. Light gray, dark gray, and black columns 
correspond to the FSS categories at admission (baseline score), at PICU discharge, and at hospital discharge, respectively. It is worth 
noting the change in the frequency (%) of patients included in each of the 5 categories. Whereas there is a change in the frequency 
of functional status involvement (acquired morbidity) at PICU discharge (dark gray), this functional involvement improved in a 
percentage of these patients before hospital discharge (black).
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also on AMV. Among all of them, respiratory 
functional alteration resolved within 1 year 
of discharge in 3/6, i.e., AMV, tracheostomy, 
and oxygen supply were interrupted. Of the 
remaining 3 patients, 2 continued their treatment 
in another facility and were lost to follow-up, 
and 1 still had a tracheostomy without AMV 
12 months after hospital discharge.

Table 2 summarizes the univariate analysis. 
It shows a statistically significant association of 
the following variables: age younger than 1 year 
(odds ratio [OR]: 2.93; 95 % confidence interval 
[CI]: 1.36-6.15; p = 0.004), PIM2 score (OR: 1.04; 
95 % CI: 1.01-1.07; p = 0.007), use of AMV (OR: 
7.83; 95 % CI: 3.31-18.49; p = 0.0001), use of CVC 
(OR: 38.08; 95 % CI: 5.16-280.95; p = 0.0001), and 
prolonged hospital stays (OR: 9.65; 95 % CI: 4.33-
21.49; p = 0.0001) with morbidity at PICU discharge.

DISCUSSION
The incidence of acquired morbidity at PICU 

discharge in this cohort, as estimated with the 
FSS score, was 3.56 %, similar to the mortality 
observed in the same period. Patient severity at 
PICU admission, age younger than 1 year, the 

use of CVC and AMV, and prolonged hospital 
stays were significantly associated with this 
variable. Out of all patients, only 0.7 % still had 
a functional alteration at hospital discharge, and 
most of them were able to recover their functional 
status within 1 year of hospital discharge.

In 2014, Pollack et al., published the results 
of the first multicenter cohort of critically-ill 
pediatric patients and used the FSS to measure 
morbidity acquired during hospitalization, 
reporting that the incidence of morbidity doubled 
mortality (4.8 % versus 2.4 %).7 Although these 
findings are different from the 3.56 % and 0.7 % 
values observed in our cohort, these authors 
reported a variability of up to 300% between the 
different study sites.7

In the univariate analysis ,  the factors 
associated with decreases in functional status 
based on the FSS included age younger than 1 
year, mortality risk at PICU admission (PIM2), 
the use of CVC and AMV, and prolonged hospital 
stays. Pollack et al. described the association 
between functional alterations measured with 
the FSS and age younger than 12 months, and 
did the same for functional alterations and 

Figure 3. Distribution of domains contributing to acquired morbidity in the pediatric intensive care unit (n = 30)

This figure shows the different domains that contributed with 1 point or more to the presence of acquired morbidity in the pediatric 
intensive care unit. The feeding domain was the most commonly affected one (27/30), followed by the respiratory domain (14/30).
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physiological alterations at admission (based 
on the Pediatric Risk of Mortality III [PRISM III] 
score).11 Senna et al. also described the association 
between predictors of severity at admission 
(using the PIM3 score and the Pediatric Logistic 
Organ Dysfunction Score 2 [PELOD-2]) and 
the incidence of acquired morbidity.15 Bone 
et al., did the same using other tools to estimate 
morbidity: the Pediatric Overall Performance 
Category (POPC) scale and the Pediatric Cerebral 
Performance Category (PCPC) scale.16

In this cohort, the course of functional status 
allowed to observe certain decreases in functional 
status at PICU discharge. The most affected 
domains were “feeding” and “respiratory.” 
Nevertheless, 80 % of those patients improved 
their functional status before hospital discharge, 
and 10 % within one year of discharge; the 
latter due to the removal of home-AMV and 
the discontinuation of tracheostomy use. The 
burden of critical illness not only reflects what 
happens during the stay at the PICU, but it is 
also the process resulting from the combination 
of the disease, the care provided at the PICU, 
and functional alterations that may persist for 
months or even years.17 Patients who survive 
critical illness may do so at the expense of 
physical morbidity (muscle loss and weakness, 
pain) and non-physical morbidity (depression, 
anxiety, post-traumatic stress disorder, cognitive 
impairment).18

In recent years, pediatric critical care medicine 
seems to have extended the assessment of 
outcomes by complementing mortality with 
survivors’ acquired morbidity.1,3,7,11 Assessing 

patients’ functional status at different moments 
of hospital stay allows to measure the impact 
of critical illness on this population and target 
care towards rehabilitation and functional status 
recovery once the critical phase is over. Although 
functional alterations persist after the resolution 
of the initial phase of critical illness, some may 
be recovered in the following months or even 
years.19-21

This study poses limitations. In first place, 
its external validity: taking into consideration 
that this was a single-site study, findings may 
not be generalized. Another limitation is that 
associations were obtained by using a univariate 
analysis. We believe that the shortage of events 
in relation to associated factors interferes with 
the development of a robust logistic regression 
model. Nevertheless, the findings reported by 
this study may serve as a starting point for the 
development of multicenter studies that will 
allow to know the incidence of morbidity in 
different PICUs from Argentina, in addition to 
associated factors and the course of said event in 
the life of critically-ill pediatric patients.

CONCLUSIONS
The incidence of morbidity at PICU discharge 

in the study cohort was 3.56 %, similar to the 
mortality observed in the same period. It was 
associated with age younger than 1 year, patient 
severity at the time of admission, the use of 
AMV and CVC, and prolonged hospital stays. 
Functional alterations acquired during the PICU 
stay may change and return to the previous 
condition, whether during the hospital stay or in 
long-term outpatient follow-up. n

Table 2. Univariate analysis

Variable  OR 95 % CI p

Infant (age < 1 year) Categorical 2.93 1.36-6.15 0.004
Post-operative patients Categorical 0.87 0.41-1.86 0.729
Unscheduled admission Categorical 1.19 0.55-2.59 0.646
PIM2 (mortality risk) Continuous 1.04 1.01-1.07 0.007
Mechanical ventilation Categorical 7.83 3.31-18.49 0.0001
Central venous catheter Categorical 38.08 5.16-280.95 0.0001
Renal replacement therapy Categorical 2.70 0.99-7.32 0.051
ECMO Categorical 2.11 0.26-16.75 0.476
Prolonged hospital stay (> 7 d) Categorical 9.65 4.33-21.49 0.0001
FSS > 6 at admission Categorical 0.42 0.16-1.12 0.084

ECMO: extracorporeal membrane oxygenation, FSS: Functional Status Scale, PIM2: Pediatric Index of Mortality 2, 
OR: odds ratio, CI: confidence interval.
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ANNEX

FSS score with its different domains

FSS: Functional Status Scale; NPO: nothing by mouth; CPAP: continuous positive airway pressure.


