
Pediatric Critical Care Medicine www.pccmjournal.org 821

Supported, in part, by the following cooperative agreements from the Eunice 
Kennedy Shriver National Institute of Child Health and Human Develop-
ment, National Institutes of Health, Department of Health and Human Ser-
vices: U10HD050096, U10HD049981, U10HD049983, U10HD050012, 
U10HD063108, U10HD063106, U10HD063114, and U01HD049934.

Dr. Pollack received support for article research from the National Insti-
tutes of Health (NIH). His institution received grant support. Dr. Holubkov 
served as board member for Pfizer, Inc. and the American Burn Associa-
tion (DSMB Memberships), consulted for St. Jude Medical, Inc. and Physi-
cians Committee for Responsible Medicine (Biostatistical Consultancies), 
and received support for article research from the NIH. Dr. Holubkov and 
his institution received grant support from the NIH/NICHD (CPCCRN 
Coordinating Center support and salary support as chief biostatistician) 
and received support for travel from the NIH/NICHD (Grant funds travel 
to CPCCRN Steering Committee meetings). Dr. Funai received support 
for article research from the NIH and disclosed work for hire. His institu-
tion received grant support from; consulted for; received support for travel 
from; received support for participation in review activities from; received 
payment for manuscript writing/review; and received provision of materi-
als/support from the University of Utah, Department of Pediatrics. Drs. 
Clark, Berger, and Meert received support for article research from the 
NIH. Their institutions received grant support from the NIH. Dr. Newth 
received support for article research from the NIH. His institution received 
grant support from the NICHD (Collaborative Pediatric Critical Care 
Research Network). Dr. Shanley served as board member for CWRU and 
UCinn (External Advisory Boards), provided expert testimony for various 
attorneys (legal case review), received royalties from Springer (textbook 
royalties), received support for travel from SPR (Secretary-Treasurer for 
SPR), and received support for article research from the NIH. His institu-
tion received grant support and for travel from the NIH (CPCCRN Grant 
and CTSA Grant). Dr. Moler received support for article research from 
the NIH. His institution received grant support and support for travel from 
the NICHD. Dr. Carcillo received support for article research from the 
NIH. His institution received grant support, support for travel, support for 
manuscript writing/review, and support for manuscript preparation. Drs. 
Berg, Wessel, and Doctor received support for article research from the 
NIH. Dr. Dalton lectured for Thermo Fisher and received support for article 
research from the NIH. Her institution received grant support and support 
for travel from NIH. Dr. Harrison lectured for SCCM (payment for lecturing 
at board review course) and received support for article research from 
the NIH. His institution received grant support from CPCCRN NICHD 
and received support for travel from CPCCRN NICHD. Dr. Dean received 
support for article research from the NIH. His institution received grant 
support from the NIH and HRSA and received support for participation in 
review activities from the NHLBI DSMB. Dr. Jenkins received support for 
article research from the NIH and disclosed government work.

For information regarding this article, E-mail: mpollack@childrensnational.org

Pediatric Intensive Care Outcomes: Development 
of New Morbidities During Pediatric Critical Care*

Murray M. Pollack, MD1; Richard Holubkov, PhD2; Tomohiko Funai, MS2; Amy Clark, MS2;  

John T. Berger, MD3; Kathleen Meert, MD4; Christopher J. L. Newth, MD, FRCPC5;  

Thomas Shanley, MD6; Frank Moler, MD6; Joseph Carcillo, MD7; Robert A. Berg, MD8; Heidi Dalton, MD1; 

David L. Wessel, MD3; Rick E. Harrison, MD9; Allan Doctor, MD10; J. Michael Dean, MD2;  

Tammara L. Jenkins, MSN, RN11; for the Eunice Kennedy Shriver National Institute of Child Health 

and Human Development Collaborative Pediatric Critical Care Research Network

*See also p. 898.
1Department of Child Health, Phoenix Children’s Hospital and University 
of Arizona College of Medicine-Phoenix, Phoenix, AZ.

2Department of Pediatrics, University of Utah School of Medicine, Salt 
Lake City, UT.

3Department of Pediatrics, Children’s National Medical Center, 
 Washington, DC.

4Department of Pediatrics, Children’s Hospital of Michigan, Detroit, MI.
5Department of Anesthesiology and Critical Care Medicine, Children’s 
Hospital Los Angeles, Los Angeles, CA.

6Department of Pediatrics, University of Michigan, Ann Arbor, MI.
7Department of Critical Care Medicine, Children’s Hospital of Pittsburgh, 
Pittsburgh, PA.

8Department of Pediatrics, Children’s Hospital of Philadelphia, 
 Philadelphia, PA.

9Department of Pediatrics, University of California at Los Angeles, Los 
Angeles, CA.

10 Departments of Pediatrics and Biochemistry, Washington University 
School of Medicine, St. Louis, MO.

11 Pediatric Trauma and Critical Illness Branch, Eunice Kennedy Shriver 
National Institutes of Child Health and Human Development, the National 
Institutes of Health, Bethesda, MD.

Dr. Pollack lead in the conceptualization and design, oversaw the analysis 
and interpretation, was primarily responsible for article preparation, and 
approved the final article. Dr. Holubkov participated in the conceptual-
ization and design, directed the analysis and interpretation, participated 
in the article preparation, and approved the final article. Mr. Funai and 
Ms. Clark participated in the conceptualization and design, conducted 
the analyses, participated in interpretation, participated in article prepara-
tion, and approved the final article. Dr. Berger, Dr. Meert, Dr. Newth, Dr. 
Shanley, Dr. Moler, Dr. Carcillo, Dr. Berg, Dr. Dalton, Dr. Wessel, and Dr. 
Harrison participated in the conceptualization and design, analysis and 
interpretation, article preparation; approved the final article; and super-
vised data collection at one site. Dr. Doctor participated in the conceptual-
ization and design, analysis and interpretation, and article preparation and 
approved the final article. Dr. Dean co-lead in the conceptualization and 
design, oversaw the analysis, participated in the data interpretation, par-
ticipated in article preparation, and approved the final article. Ms. Jenkins 
participated in the conceptualization and design, analysis and interpreta-
tion, and article preparation and approved the final article.

Pediatric Critical Care Medicine

Pediatr Crit Care Med

1529-7535

10.1097/PCC.0000000000000250

15

9

821

827

2014

Copyright © 2014 by the Society of Critical Care Medicine and the World 
Federation of Pediatric Intensive and Critical Care Societies

DOI: 10.1097/PCC.0000000000000250

Esther

xxx

November

2014

Pollack

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by CiteSeerX

https://core.ac.uk/display/357562366?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:mpollack@childrensnational.org


Pollack et al

822 www.pccmjournal.org	 November	2014	•	Volume	15	•	Number	9

Objective: To investigate significant new morbidities associated 
with pediatric critical care.
Design: Randomly selected, prospective cohort.
Setting: PICU patients from eight medical and cardiac PICUs.
Patients: This was a randomly selected, prospective cohort of 
PICU patients from eight medical and cardiac PICUs.
Measurements and Main Results: The main outcomes measures 
were hospital discharge functional status measured by Functional 
Status Scale scores and new morbidity defined as an increase 
in the Functional Status Scale of more than or equal to 3. Of 
the 5,017 patients, there were 242 new morbidities (4.8%), 99 
PICU deaths (2.0%), and 120 hospital deaths (2.4%). Both mor-
bidity and mortality rates differed (p < 0.001) among the sites. 
The worst functional status profile was on PICU discharge and 
improved on hospital discharge. On hospital discharge, the good 
category decreased from a baseline of 72% to 63%, mild abnor-
mality increased from 10% to 15%, moderate abnormality sta-
tus increased from 13% to 14%, severe status increased from 
4% to 5%, and very severe was unchanged at 1%. The highest 
new morbidity rates were in the neurological diagnoses (7.3%), 
acquired cardiovascular disease (5.9%), cancer (5.3%), and con-
genital cardiovascular disease (4.9%). New morbidities occurred 
in all ages with more in those under 12 months. New morbidi-
ties involved all Functional Status Scale domains with the highest 
proportions involving respiratory, motor, and feeding dysfunction.
Conclusions: The prevalence of new morbidity was 4.8%, twice 
the mortality rate, and occurred in essentially all types of patients, 
in relatively equal proportions, and involved all aspects of function. 
Compared with historical data, it is possible that pediatric critical 
care has exchanged improved mortality rates for increased mor-
bidity rates. (Pediatr Crit Care Med 2014; 15:821–827)
Key Words: critical care; functional status; functional status score; 
intensive care; morbidity; outcome prediction; pediatric critical 
care; pediatric intensive care; pediatrics

The development of new morbidities from pediatric inten-
sive care illnesses and therapies is a fundamental yet rela-
tively unexplored outcome measure of pediatric intensive 

care. It is generally believed that many illnesses requiring admis-
sion to the PICU and their therapies result in new morbidity. 
Although there is some condition-specific information on new 
morbidities associated with PICU illnesses (1–5), there is surpris-
ingly little general PICU population information on the develop-
ment of new morbidities and these data are over a decade old 
(6, 7). For example, little is known about the diagnoses, opera-
tive status, and ages at greatest risk for the development of new 
morbidities. Fiser et al (7) in the 1990s tabulated the disability 
status (Pediatric Overall Performance Category [POPC] and 
Pediatric Cerebral Performance Category [PCPC]) of admissions 
and discharges from the PICU. They found that there was a 7.7% 
increase of at least 2 POPC categories, including a 4.6% death 
rate, equating to a significant new morbidity rate of 3.1%.

The aims of this report are to investigate the baseline and hos-
pital discharge functional status of children admitted to the PICU 

and to describe the general characteristics of patients who devel-
oped a new morbidity. Recently, the Collaborative Pediatric Critical 
Care Research Network (CPCCRN) developed and validated the 
Functional Status Scale (FSS) to measure the development of new 
morbidities (8). The FSS was developed to add objectivity, increase 
granularity, and improve quantification of morbidities and is par-
ticularly designed for use in large-scale studies (9).

METHODOLOGY
The current investigation was performed at the seven sites (eight 
PICUs) in the CPCCRN. These sites have approximately 17,000 
PICU admissions per year (10). The details of patient selection 
and data collection have been published (9, 11). In brief, only the 
first PICU admission was included. Patients ranging in ages from 
newborn to less than 18 years were randomly selected from both 
the general/medical PICUs and cardiac/cardiovascular PICUs. 
There were no separate general surgical or neurological PICUs. 
This report includes the initial 5,017 patients from a larger data 
collection and included all enrolled patients from the first day of 
the study (December 4, 2011) to the day when the 5,000th patient 
was enrolled (August 2, 2012). The protocol was approved by the 
institutional review boards at all participating institutions.

Data for this analysis included diagnostic and demographic 
data and FSS scores determined at PICU admission to assess 
baseline (prehospital admission) status and status at PICU and 
hospital discharge. Baseline FSS status was determined from 
the medical records supplemented by caretaker knowledge as 
needed to reflect chronic functional status prior to the acute 
illness. Researchers, research coordinators, and research assis-
tants were trained in data collection with in-person training 
on multiple occasions and conducted biweekly teleconference 
calls. Diagnoses were classified by the system of dysfunction 
accounting for the primary reason for PICU admission. Since 
a previous publication on this sample (9), we are able to better 
categorize some of the miscellaneous classifications resulting 
in small changes in the numbers of diagnoses. Operative status 
included both operating room and interventional catheteriza-
tion procedures but not diagnostic catheterization procedures.

The FSS was developed to provide assessment of functional 
status suitable for large studies. It is composed of six domains 
(mental status, sensory, communication, motor function, feed-
ing, and respiratory) with domain scores ranging from 1 (nor-
mal) to 5 (very severe dysfunction). Therefore, total scores may 
range from 6 to 30 with lower scores indicating better function. 
The operational definitions and manual for the classifications 
have been published (8). The FSS validation consisted of com-
parison to the Adaptive Behavior Assessment System II, a vali-
dated measure of pediatric adaptive behavior, and comparison 
to the pediatric performance scales, the PCPC/POPC (8, 9). 
For this analysis, we categorized FSS scores of 6–7 as good, 8–9 
as mildly abnormal, 10–15 as moderately abnormal, 16–21 as 
severely abnormal, and more than 21 as very severely abnormal. 
These category ranges were chosen based on the dysfunction 
reflected in the score and to be the approximately equivalent 
FSS score range that corresponded to the POPC categories (9). 
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Newborns who had never achieved a stable baseline of function 
were assigned an FSS = 6; this was operationalized by assign-
ing a baseline FSS score of 6 to all infant admissions from 0 
to 2 days old and to transfers from another facility for infants 
from 3 to 6 days old. Significant, new morbidity was defined 
as worsening of FSS of 3 or greater from baseline to hospital 
discharge. This definition was based on a consensus perception 
of the importance of the change(s), and this was the change in 
mean FSS scores between the normal and moderate disability 
categories of the POPC (9). Since this was the initial use of the 
FSS to define new morbidities, we evaluated the change in indi-
vidual FSS domains and the magnitude of that change for both 
patients with a worsening FSS of 3 or greater and 2 or less.

Data are expressed as mean ± sd. Comparison of data across 
categories used the Pearson chi-square test and the Mantel-
Haenszel chi-square test. The assessment of association between 
morbidity and mortality rates used the Pearson correlation.

RESULTS
There were 5,017 patients and 
sites contributed from 619 (12%) 
to 808 (16%) of the sample. Fig-
ure 1 shows the morbidity and 
mortality rates by site and over-
all. Significant new morbidity 
occurred in 242 patients (4.8%). 
There were 99 PICU deaths 
(2.0% PICU mortality rate) 
and 120 hospital deaths (2.4% 
hospital mortality rate). There 
was a significant difference in 
both morbidity (p < 0.0001) 
and mortality (p = 0.009) rates 
among the sites; these rates dif-
fered by over 300% between the 
lowest and the highest sites and 
did not significantly correlate  
(r = 0.38, p = 0.40). Overall, sig-

nificant new morbidity occurred in all FSS baseline categories 
(Fig. 2). There was no significant difference among the rates of 
new morbidities for survivors admitted in the various baseline 
FSS categories (p > 0.8). Patients had a median age of 3.7 years 
(25th and 75th quartile, 0.8 and 10.9) and stayed in the PICU a 
median of 2.0 days (25th and 75th quartile, 1.0 and 4.8).

Functional status categories at baseline and hospital dis-
charge are shown in Figure 3. The worst functional status pro-
file was on discharge from the PICU but improved on hospital 
discharge. On hospital discharge, the good category decreased 
from a baseline of 72% to 63%, mild abnormality increased 
from a baseline of 10% to 15%, moderate abnormality status 
increased from 13% to 14%, severe status increased from 4% 
to 5%, and very severe was unchanged at 1%.

Of the patients classified with new morbidities, 109 patients 
(45.0%) had a worsening of 3 levels or more FSS levels in at 
least one FSS domain, 122 patients (50.4%) had a worsening of 

2 FSS levels in one or more FSS 
domains but no change of three 
or more, and only 11 patients 
(4.5%) had a worsening of only 
1 level in three or more FSS 
domains. Table 1 shows the new 
morbidities by diagnoses classi-
fied by the physiological system 
of primary dysfunction. Overall, 
31% of patients were admitted 
with respiratory disease, 21% 
with neurological disease, and 
25% with acquired and con-
genital heart disease. There were 
significantly different morbidity 
rates among the diagnoses (p = 
0.0005) with the highest new 
morbidity rates in the neurolog-
ical diagnoses (7.3%), acquired 

Figure 1. Morbidity and mortality rates by site. There was a significant difference among the sites for both mor-
bidity (p < 0.0001) and mortality (p = 0.009) rates.

Figure 2. New morbidities (Functional Status Scale [FSS] ≥ 3) as a percentage of baseline FSS categories. 
There was no significant difference among the rates of new morbidities for survivors admitted in the baseline 
FSS categories (p > 0.8).



Pollack et al

824 www.pccmjournal.org	 November	2014	•	Volume	15	•	Number	9

cardiovascular disease (5.9%), cancer (5.3%), and congenital 
cardiovascular disease (4.9%).

The operative categories are shown in Table 2. A total of 40% of 
the sample were operative patients with a rate of new morbidities 
of 3.5%. The new morbidities rates were significantly different (p 
≤ 0.003) with the highest rates of new morbidities occurring in the 
nonoperative patients (5.7%) and general surgery patients (5.7%) 
followed by cardiac surgery (4.5%). Neurosurgical patients had 
a prevalence of new morbidities of only 3.1%. New morbidities 
occurred in all age categories with more in those under 12 months 
than in those over 12 months of age (Table 3), and these rates were 
also significantly different among the age categories (p < 0.0001).

New morbidities occurred in all of the FSS domains. Table 4 
shows the domains and numbers of patients where there was 
a worsening in domain scores of 3 levels or more, 2 and 1 for 
those patients with new morbidities, and those patients whose 
FSS scores worsened by 2 but were not classified with new 
morbidities. For the patients with new morbidities and an 

increase of 3 or more in the domain scores, the largest num-
bers occurred in the respiratory (21.1%) and motor (14.5%) 
domains. For patients with new morbidities and domain 
increases of 2, the largest numbers occurred in the feed-
ing (47.9%) and motor (34.3%) domains. Only six patients 
(0.1%) had increases in domain scores of 3 or more but were 
not classified with new morbidities because of improvements 
in another domain. Of the patients who had worsening of 2 
levels in their domain score but were not classified with a new 
morbidity, most occurred in the feeding and motor domains. 
A total of 106 patients improved their FSS by 2 or more and 
improved in a single domain by 2 or more. Most improvement 
occurred in the feeding, motor, and respiratory domains.

DISCUSSION
New, significant morbidities resulting from the illnesses and 
therapies in the PICU are common and occur in essentially 
all types of patients in relatively equal proportions. The prev-
alence of new morbidity was 4.8%, twice the mortality rate. 
The rate of new morbidity was 4.5–6% in patients with good, 
mildly abnormal, moderately abnormal, and severely abnor-
mal baseline status. Although the prevalence of new morbidity 
was only 1.9% in very severely abnormal children at baseline, 
this lower prevalence likely was observed because these patients 
already had very severe dysfunction. New morbidities devel-
oped in all common diagnostic groups with the highest rates 
in neurological and acquired cardiovascular disease. Although 
new morbidities developed in nonoperative patients more 
than operative patients (5.7% vs 3.5%), they also occurred in 
almost all operative groups with the highest rates in cardiac 
surgery and general surgery and in only 3.1% of neurosurgi-
cal patients. Finally, although new morbidities occurred more 
often in infants, they occurred in all age groups.

Both morbidity and mortality rates differed by more than 
300% among the sites. Mortality rate differences among sites are 
well known and can be adjusted for by physiological status and 

TabLE 1. New Morbidities by admission Diagnosis

System of Primary Dysfunction n (% of Sample) New Morbidity (n) New Morbidity (% of Diagnosis)

Respiratory 1,563 (31) 67 4.3

Neurologic 1,031 (21) 75 7.3

Cardiovascular disease, congenital 955 (19) 47 4.9

Cardiovascular disease, acquired 323 (6) 19 5.9

Cancer 247 (5) 13 5.3

Musculoskeletal condition 219 (4) 7 3.2

Gastrointestinal disorder 183 (4) 6 3.3

Endocrine 146 (3) 0 0

Renal 52 (1) 1 1.9

Miscellaneous 298 (6) 7 2.3

Admission diagnoses are classified by system of primary dysfunction. The new morbidity rates among the diagnoses were significantly different (p < 0.0001).

Figure 3. Functional Status Scale categories at baseline, PICU discharge, 
and hospital discharge. See text for details.
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other patient descriptors (12, 13). Such adjustment has formed 
the foundation for many comparative and quality studies in 
critical care. It is not yet known whether morbidity rate differ-
ences can be accounted for with similar or different independent 
variables that will enable us to incorporate morbidity into stud-
ies investigating the importance of care factors in patient out-
comes or quality studies. In this small sample of sites, morbidity 
and mortality rates were not strongly correlated, indicating that 
incorporating morbidity into outcome models may uncover 
new associations and expand our understanding of factors asso-
ciated with the best outcomes from pediatric critical care.

Morbidity assessments are appropriately becoming a more 
important aspect of pediatric outcomes research (14–19). We 
defined morbidity broadly because the effects of acute condi-
tions and their therapies can affect many different organ sys-
tems. We chose functional status because it is conceptually 
similar to adaptive behavior, which corresponds to activities of 
daily living, a commonly used and practical measure in adults 
(20). Other investigators may focus on different definitions of 
morbidity depending on their research needs. Recently, the use 

of health-related quality-of-life instruments have become more 
common place; these methods are often based in large part on 
the health burden of functional disabilities, so the FSS repre-
sents a more proximate measure of a similar outcome (21–23). 
Notably, there are hurdles to overcome when classifying children. 
First, functional status assessments that are reliable at the level 
of the individual are time consuming and require considerable 
training; therefore, they are not practical for most large sample-
size studies (24–27). Second, pediatric functional status assess-
ment methods must incorporate the rapidly changing norms of 
growth and development, making them difficult to design and 
complex to develop (28, 29). The FSS, designed to be used in 
large sample-size studies, performed well with regard to both 
adaptive behavior methods and the pediatric scales based on the 
Glasgow Outcome Scale and was successfully implemented in 
this multicenter study (8, 9, 30). We chose the FSS categories to 
be approximately equivalent to the POPC categories which have 
been used in other large pediatric studies (31, 32).

The FSS definition of significant morbidity of an increase of 
3 or more worked well. A total of 95% of diagnoses had a wors-
ening of at least two levels in at least one FSS domain (good to 
moderate, mild to severe, and moderate to very severe). These 
changes occurred in all of the FSS domains with a predominance 
of respiratory and motor for the domains that changed 3 or 
more levels and feeding and motor for those changing 2 levels.

Our data compared with the historical data suggest that 
pediatric critical care may have exchanged mortality for mor-
bidity over the last several decades. Although it is not possible 
to precisely compare the rates over time because of the differ-
ent research methods, data from the 1990s (31) demonstrated a 
PICU mortality rate of 4.6% and a PICU morbidity rate of 3.1% 
(based on a 2 or greater POPC change), whereas our data had 
a reversal of these percentages with a hospital mortality rate of 
2.4% and morbidity rate of 4.8%. Thus, the “morbidity and mor-
tality rate” decreased only from 7.7% to 7.2%. Since these rates 
are not severity or risk adjusted, the changes in admission criteria 
as well as other factors which have occurred in the last several 
decades could also significantly influence this comparison.

CONCLUSION
New, significant morbidities associated with pediatric critical 
care are common (4.8%) and occur in essentially all types of 
patients. Since reducing morbidity and mortality is a focus of 
medical initiatives, this rate is an important benchmark. There 
was significant inter-site variability in the unadjusted morbidity 
rates. It is possible that further investigation of the differences in 
morbidity rates could result in advances in the structure and pro-
cess of pediatric critical care in a manner similar to the advances 
based on mortality rate differences. Our data compared with 
the historical data suggest that pediatric critical care may have 
exchanged mortality for morbidity over the last several decades.
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TabLE 2. New Morbidities by Operative 
Category

Operative System n (%)
New Morbidities 

(n [% of Category])

No operation 3,025 (60) 173 (5.7)

Cardiac 755 (15) 34 (4.5)

Neurosurgery 353 (7) 11 (3.1)

Otolaryngology 285 (6) 3 (1.1)

Orthopedic 181 (4) 5 (2.8)

General surgery 176 (4) 10 (5.7)

Interventional 
catheterization

72 (1) 2 (2.8)

Other 170 (3) 4 (2.4)

The new morbidity rates among the operative systems were significantly 
different (p < 0.005).

TabLE 3. New Morbidities by age Categories

age at PICU admission n (%)
New Morbidities  

(n [% of Category])

0 d to < 7 d 167 (3) 15 (9.0)

7 d to <14 d 92 (2) 10 (10.9)

14 d to < 1 mo 71 (1) 4 (5.6)

1 mo to < 12 mo 1,060 (21) 68 (6.4)

12 mo to < 60 mo 1,429 (28) 62 (4.3)

60 mo to < 144 mo 1,094 (22) 42 (3.8)

≥ 144 mo 1,104 (22) 41 (3.7)

The new morbidity rates among the age categories were significantly different 
(p < 0.0001).
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