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The impact of admission to a pediatric intensive care
unit assessed bymeans of global and cognitive
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Abstract

Objective: To assess the impact of admission to the pediatric intensive care unit (ICU) at the Hospital de Clínicas

de Porto Alegre, RS, Brazil on children’s cognitive and global performance.

Methods:Anobservational, longitudinal studyof a sequential sampleof critically ill children. The following indicators

were used: the Pediatric Index of Mortality (PIM), for severity and risk of death at admission, the Pediatric Cerebral

Performance Category (PCPC), for cognitive morbidity and the Pediatric Overall Performance Category (POPC), for

globalmorbidity, at admission and at discharge. Morbidity related to the ICUwasmeasured according to the difference

between classifications at discharge and at admission (delta scores). The Kruskal-Wallis test was applied.

Results: A total of 443 patients were assessed, 54% of whom were male, with a median age of 12 months (IQ

4-45), and amedian ICU stay of 4.24 days (IQ 2.4-8). Themortality rate was 6.3%. Themedian PIM score was 2.36%

(IQ 1-7). On admission, 46% of the patients had some degree of cognitive morbidity and 66% had some degree of

global morbidity. At discharge there was 60% cognitive morbidity and 86% global morbidity. The assessment of ICU-

relatedmorbidity revealed that 25%of the patients had undergone cognitive changeswhile 41%hadundergone global

variations, at discharge compared with admission.

Conclusions: Although affected by the elevated degree of morbidity at admission, the impact of the ICU stay was

more significant in the global than in the cognitive domain. In the same manner, both risk of death at admission and

length of stay had a significant effect on the morbidity of severely ill patients.

J Pediatr (Rio J). 2007;83(6): 505-511:Outcome, critical care, pediatric cerebral performance category, pediatric overall
performance category, morbidity.

Introduction

In critical care medicine, intensive care unit (ICU) results

are assessed almost exclusively on the basis of the outcomes

“death” or “survival,” by means of indicators such as mortal-

ity rate, readmission rate or the rates of complications related

to certain treatments. Indicators of morbidity are important

aids,
1
but can be difficult to quantify, particularly in children.2

In pediatric intensive care, however, deathmay be a rela-

tively rare event, depending on the volume of patients admit-

ted and the size and type of unit, and does not therefore allow

for the full extent of repercussions provoked by the acute dis-

ease and by the stay in ICU to be assessed.3-5 Admission to

and treatment in intensive care may not result in death, but

in varying degrees of incapacity among survivors.4
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Evaluation of the results ofmedical interventions can bet-

ter quantify the efficacy of different treatments, making pos-

sible to take better decisions, to standardize conduct and to

optimize resource utilization.6,7 This becomes more relevant

to the extent that it is unclear what impact ICU stays have on

patients’ physiological and cognitive functions. Assessment

of the level of patients’ cognitive and functional impairment

after a period of significant stress and of their potential need

for help to reenter the family and social environments canboth

be of help to better understanding the repercussions of acute

disease or trauma and of medical care.8

While there are many studies of health condition and

instruments formeasuringquality of life in adults,9 few instru-

ments have been validated for usewith children.4 Themajor-

ity of these only measure the degree of incapacity with

questions on recovery or development.

Fiser et al. have reported on the validation studies of two

new outcome scales for children, the Pediatric Cerebral Per-

formance Category (PCPC) and the Pediatric Overall Perfor-

mance Category (POPC).2,10 These are two of the rare

instruments that can be used with children less than 1 year

old.3 These two indices were adapted for pediatric use, since,

in essence, theywere alreadybeingused to evaluate adults.11

Variations in scores on these scales exhibited adirect relation-

ship with the degree of morbidity measured by other already

established indices, such as length of stay in the ICU, total

hospital costs, post-discharge home care and disease sever-

ity, in an analysis of 1,469patients admitted to Pediatric ICU.2

The difference between the categories at discharge and at

admission was defined as the delta score, being the most

direct reflection of the change in functional capacity resulting

from a disease episode or injury. A multicenter study of 16

intensive care units in the United States investigated 11,104

patients using the PCPC and POPC scales, reproducing and

validating the results of the initial study.12

These scales have also been recommended for relating

results associatedwith cardiopulmonary resuscitation in chil-

dren13,14 and with neurological outcomes in head

traumas.15,16

The objective of this study was to evaluate the impact of

admissionon the cognitive and functional performanceof chil-

dren admitted to the Pediatric ICU at the Hospital de Clínicas

de Porto Alegre (HCPA), by means of application of the POPC

and PCPC at admission and at discharge to obtain a delta

score, in addition to relating it to the Pediatric Index of Mor-

tality (PIM) at admission17 and with length of stay in the ICU.

Methods

Thiswasa longitudinal, observational and individual study,

involvingminimumrisk, of a sequential sample of the patients

admitted to the Pediatric ICU at the HCPA, during the periods

betweenApril andNovember of 2002 and between June 2004

and January 2005. Patients were excluded if they spent less

than 24 hours in the ICU or if their parents and/or guardians

did not agree to their participation in the study. General data

collected were: age, sex, diagnosis at admission, origin,

length of ICU stay, PIM on admission and outcome.

The HCPA is a general, university hospital, offering ter-

tiary care, with a 13-bed pediatric ICU that admits patients

aged 1 month to 17 years with clinical or surgical conditions,

except for cases of trauma and heart surgery. It has a yearly

averageof 550admissions. This Pediatric ICU is a referral cen-

ter for critically ill children, receiving patients from all over

the state of Rio Grande do Sul.

Transcultural adaptation was carried out on the research

instruments (PCPC and POPC) by means of translation into

Brazilian Portuguese with validation by back-translation.18

Morbidity was assessed by means of use of the PCPC and

POPC scales applied at admission, bymeans of clinical history

taken from parents, and, at patient discharge, by means of

clinical observation. Themeasurement employed to evaluate

the impact of the ICU stay was the morbidity classification,

i.e., at discharge and at admission – the delta score (delta-

PCPC and delta-POPC).

It should be emphasized that a delta score of zero indi-

cates that a child's performance did not alter during their time

in the ICU. A positive value signifies an increase in morbidity,

and a negative value indicates that there has been an

improvement with relation to the pre-admission state.

Clinical history was taken by one of the authors (P.T.A.),

whoalso observedall of thepatients studied.Given thepoten-

tial subjectivity when applying scales, a pilot study was car-

ried out with 30 patients to assess interobserver agreement,

with two independent, blinded observers, andwhich returned

a good level of agreement (kappa index of 0.7 to 1.0).

The sample size was calculated as 432 patients, with a

power of 80% and alpha = 0.05, PEPI, version 2 software.

Quantitative variables were described using means and

standard deviations when distribution was symmetrical, and

medians and interquartile ranges when asymmetrical. The

Kruskal-Wallis test was used to compare length of ICU stay

and PIM according to delta scores. The level of significance

was set at 5%.Datawere analyzed using SPSS, version 14.0.

The research project was approved by the Research Eth-

icsCommittee at theHCPA. Parents andguardianswereasked

to agree to participation by means of signing a free and

informed consent form.

Results

A total of 499 patients were considered eligible during the

study period. Fifty- four patients were excluded because they

spent less than 24 hours in the ICU and two because their

guardians did not agree to their participation. Therefore,

including both periods, a total of 443 patients were studied.
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The characteristics of the samples for each period were com-

pared and no differences were observed between them. The

general characteristics of the whole sample are listed in

Table 1.

The most frequent causes of admission were respiratory

dysfunction (43.3%), sepsis and shock (25.5%), postopera-

tive care (19%) and convulsive crisis (8.1%).

On admission, some degree of cognitive morbidity was

identified in 46% of the children and some degree of func-

tional morbidity was detected in 66%, according to the clas-

sification categories employed for this study. At discharge,

60% of the children had some degree of cognitive morbidity

and86%had functionalmorbidity. Figure1 illustrates the out-

comes of each group of patients in each of the PCPC and POPC

categories at admission in relation to their PCPC and POPC

categories at discharge.

The median cognitive category (PCPC) at admission was

1 (normal) and, at discharge it was 2 (mild disability). The

median functional category (POPC) at admission was 2 (mild

overall disability) and at discharge it was 3 (moderate overall

disability).

Table 2 demonstrates the impact of the ICU stay, indi-

cated by delta scores, for both cognitive categories (PCPC)

and functional categories (POPC). In 75%of cases, the delta-

PCPC score exhibited no change at discharge compared with

admission (delta = 0), while the delta-POPC score indicated

no variation in 59% of cases.

Table 3 illustrates the relationships between ICU length of

stay and risk of mortality and the delta-PCPC and delta-POPC

scores.

There was an improvement in global function, according

to thePOPC, in a subset of 21patients (4.7%),85.7%ofwhom

were admitted for postoperative care. This grouphad the low-

est risk of mortality.

The statistical analysis indicated significant differences

between delta scores and ICU length of stay (p < 0.001) and

between delta scores and risk of mortality (p < 0.001).

With the exception of delta score 5, the risk of mortality

increased in line with increases in delta-POPC score, i.e. as

function declined. The increase in hospital length of stay was

not linear, with patients with delta- PCPC and delta-POPC

scores of 2 and 3 having the longest median stays.

Discussion

In this study, we identified some degree of cognitive dis-

ability in 46%of the patients at admission, and functional dis-

ability in approximately 67% of them. In comparison with

other published studies that have employed the same meth-

odology, our data exhibit similar results, although of greater

magnitude. In the original study by Fiser, where the scales

were applied to 1,469 children, 16% were unhealthy at the

time of admission in terms of cognitive performance and43%

had abnormal functional performance.2 In work published by

Oom, who studied 580 patients, abnormal cognitive perfor-

mance was identified in 24%and functional problems in 49%

at the time of admission to an ICU.4 In the multicenter study

byFiser et al.,whichenrolled11,104patients, the figureswere

closer to our results, with 31%of the patients presentingwith

some degree of cognitive morbidity at admission and 59%

with functional morbidity.12 Volakli et al., in a study evaluat-

ing mortality and morbidity among patients 2 years after

admission to an ICU, found that 25.8% of the patients had

alreadypresented alterations according to the PCPC scale and

40% by the POPC at the time of admission.19 Cunha et al.

studied functional status of children before and after spend-

ing time in Portuguese pediatric intensive care units, report-

ing cognitive morbidity in 28% and functional morbidity in

43% of the patients.20 Gemke et al. employed at different

instruments and observed damage to overall health in 68.5%

of the patients prior to admission.3

In our study, the assessment of patients at the timeof dis-

charge from the ICU found some degree of cognitive damage

in 60% of children and functional damage in 85%. The stud-

ies carried out by Fiser reported rates of cognitive alterations

varying from de 15 to 42% and rates of functional alterations

varying from70 to 73%.2,12 In the study undertaken byOom,

Table 1 - General characteristics of the sample

Sex

Male 241 (54.4%)

Female 202 (45.6%)

Age 12 months (4-45)

Origin

Other hospitals 140 (31.6%)

Wards 130 (29.3%)

Emergency 108 (24.4%)

Surgical department 53 (12%)

Outpatient department 12 (2.7%)

Length of ICU stay 4.24 days (2.4-8)

PIM 2.36% (1-7)

Outcome

Wards 404 (91.2%)

Death 28 (6.3%)

Transferred to another

hospital

7 (1.6%)

Home 4 (0.9%)

Results expressed in absolute numbers (percentages), except for age,
expressed in months, length of hospital stay, in days and PIM (Pediat-
ric Index of Mortality), expressed in percentages (medians and inter-
quartile range).
PIM = pediatric index of mortality; ICU = intensive care unit.
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the presence of cognitive sequelae was observed in 32% of

the children and of physical sequelae in 62% at discharge.4

However, Cunha et al. reported that 34% of their patients

exhibited cognitive damage and 53% functional damage.20

Taylor et al. assessed functional results after 3 years of follow-

up, detected that 10.3% of the survivors had suffered unfa-

vorable outcomes and would probably depend on the care of

others, while 89.7% had had favorable results and would

probably live an independent life.21

The delta-PCPC and delta-POPC scores represent a more

direct perspective on the changes to functional and cognitive

capacities resulting from an acute disease episode and/or an

ICU stay. Therefore, according to Oom, irrespective of a

greater or lesser extent of morbidity at the time of discharge,

the impact of the acute disease and the ICU stay can only be

assessed quantitatively by summing morbidity suffered by

patients individually, by means of delta scores.4 In this study

we observed worsened cognitive function in 25% of the chil-

dren and worsened functional performance in approximately

PCPC = pediatric cerebral performance category; POPC = pediatric overall performance category; ICU = intensive
care unit.

Figure 1 - A) PCPC classification of the patients at admission and at discharge. B) POPC classifica-
tion of the patients at admission and at discharge

Table 2 - Distribution of delta-PCPC and delta-POPC scores

delta-PCPC Frequency delta-POPC Frequency

-3 1 (0.2) -1 21 (4.7)

0 332 (74.9) 0 261 (58.9)

1 62 (14.0) 1 107 (24.2)

2 15 (3.4) 2 31 (7.0)

3 10 (2.3) 3 14 (3.2)

4 13 (2.9) 4 5 (1.1)

5 10 (2.3) 5 4 (0.9)

Total 443 (100) Total 443 (100)

PCPC = pediatric cerebral performance category; POPC = pediatric
overall performance category. Frequencies are given as absolute val-
ues with their respective percentages in parentheses.
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37% of them. These data denote that these patients have

been compromised to a greater extent than patients in other

studies with similar methodology. Fiser et al. observed

increased cognitive and functional morbidity in 14 and 24%

of cases, respectively, 14 and Oom in 10 and 20%, respec-

tively.4 Cunha et al. observed even lower rates, of 11 and

16%.20

On the other hand, cases of improvement are also

reported, as in this study,whereweobserved21 childrenwith

a negative delta-POPC, accounting for 4.7% of cases. For

example, Cunha et al. observed 7% of cases with functional

improvement.20 In the original study carried out by Fiser, just

four cases had functional improvement.2 However, in the

study involving 11,104 patients, 576 patients improved,

accounting for 5.1% of cases.12 Oom also found similar

results, reporting 6.4% of cases with negative delta-POPC.4

In common with this study, the overwhelming majority of

functional improvement caseswere patients in postoperative

and liver or kidney post-transplantation care, i.e., patients

whose disabilities and/or diseases have been repaired and/or

improved by means of surgical operations.2,4,12

One thing which attracts attention in this study is a large

percentage of patients who arrived at the ICU with some

degree of compromise, whether cognitive or global.

Thismeans that they could not be assessedwithout know-

ing their pre-morbid state, since at discharge any dysfunc-

tion or disability identified would be erroneously imputed to

the ICU treatment or the disease which caused admission. At

discharge, the patients left the ICU with significant degrees

ofmorbidity,manywithworsened function. These results lead

to reflections on what types of patients most benefit from

intensive care and on howpatients considered chronic orwith

incurable sequelae are being treated, since these facts are

related with the high demand of critical patients and the con-

stant shortage of ICUbeds. Therefore, awide-ranging discus-

sion on admission and discharge criteria, on aggression and

Table 3 - Length of ICU stay and PIM in relation to delta scores

PCPC POPC

Delta score n

ICU length of stay

(days)

PIM

(%) n

ICU length of stay

(days)

PIM

(%)

Improvement

(delta < 0)

1 - - 21 3.78 (5.82-9.57)a 1.5 (0.7-2)a

No change

(delta = 0)

332 3.92 (2.19-7.05)a 1.7 (1-5)a 261 3.59 (1.96-5.89)a 1 (1-5)a

1 category

worse

(delta = 1)

62 7.05 (4.21-11.54)b 4 (1-9)b 107 6.20 (3.87-9.56)b 3 (1-8)ab

2 categories

worse

(delta = 2)

15 6.06 (2.22-18.22)ab 10 (6-20)b 31 5.87 (2.94-12.98)b 9 (3-20)b

3 categories

worse

(delta = 3)

10 7.61 (3.17-16.91)ab 8 (3-27)b 14 5.75 (3.27-18.71)ab 17 (3-36)b

4 categories

worse

(delta = 4)

13 4.11 (2.01-8.76)ab 26 (6-32)b 5 2.62 (1.73-11.34)ab 28 (12-64)b

5 categories

worse

(delta = 5)

10 3.13 (2.39-20.53)ab 11 (4-36)b 4 4.58 (2.55-46.33)ab 4 (2-60)a

p < 0.001 p < 0.001 p < 0.001 p < 0.001

PCPC = pediatric cerebral performance category; POPC = pediatric overall performance category; PIM = pediatric index of mortality.
Results expressed asmedians and interquartiles; Kruskal-Wallis test. Medians followed by the same letter in the vertical are statistically equal according
to the Tukey test.
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treatment limitation and on quantity and quality of survival

should take place in order to attempt to avoid or minimize

these problems.22,23

Certain features and factorswhichmayhave been related

with the higher numbers observed during this study, in other

words, the greater the integers patients with morbidity, are

the characteristics of the ICU at the HCPA and of the patients

treated there. It is a tertiary hospital, with a high level ofmod-

ern technology and is a reference centre for cancer patients,

for people with rare genetic syndromes and inborn errors of

metabolism and for patients with the most diverse range of

neurological diseases. Therefore, it is a unit which treats high

risk patients andwheremoreaggressive treatments are avail-

able, which often results in lower mortality but higher mor-

bidity among these patients. In the study byOom, 4 therewas

also a higher percentage of children with altered PCPC at

admission, whichwas also explained by the author as a result

of a high prevalence of patients with neurological diseases.

Aspects which could be the cause ofmeasurement bias or

limitations to this study are the fact that the scales have a

certain characteristic of subjectivity in terms of their applica-

tion and the fact that morbidity at admission was classified

retrospectively. The inter-observer reliability test performed

during the pilot study was an important issue and demon-

strated, as has been demonstrated in other studies, that the

use of these scales is possible and reliable for the assessment

of patients.12 Therefore, this could be a method for institu-

tions to adopt when they wish to monitor their performance

and also for comparison of the results among ICUs.

The idealmoment atwhich to takemeasurements has not

beenwell defined. Assessment at the end of a period of treat-

ment, at discharge from the ICU, as was performed here, is

the most frequently described method.24 This however, does

not provide information on long-term results, and very often

underestimates their degree of recovery. Over the course of

years, manywill continue to have disabilities, evenmore so if

they do not receive outpatients follow-up adequate to their

requirements, but also many others will improve and even

overcome their limitations. Therefore, assessment at ICUdis-

charge is of fundamental importance in order to know what

these requirements are, serving as a tool withwhich to inves-

tigate specific difficulties and, in this way, aid in their recov-

ery and it is desirable that they receive follow-up care and

stimulation over the long term.

Despite suffering the influence of an elevated rate ofmor-

bidity at admission, the impact of an ICU stay was more sig-

nificant in the global domain than in the cognitive area.

Furthermore, both severity of the disease at admission and

the length of stay have a significant effect on themorbidity of

critically ill patients.
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