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Abstract
Objective: Examine the concurrent validity of the Nine Equivalents of Nursing Manpower Use Score (NEMS) 
in comparison to the Therapeutic Intervention Scoring System-28 (TISS-28) in a Pediatric Intensive Care Unit 
(PICU).
Methods: Prospective observational cohort study conducted in a PICU of a Brazilian university hospital over 
a period of two years with a sample of 816 patients. A total of 7,702 observations were obtained for each of 
the scores.
Results: The average maximum score of the NEMS was 26.6±9.2 and for the TISS-28 it was 21.3±8.2. The 
TISS-28 was lower than the NEMS (p<0.001) for all the averages. A good correlation was observed between 
them (r2=0.704) for all observations. Agreement between the TISS-28 and the NEMS was good, presenting 
only a 6.2% difference between the scores.
Conclusion: The results show good correlation and agreement between the TISS-28 and the NEMS, enabling 
the NEMS validation in this population of pediatric patients.

Resumo
Objetivo: Examinar a validade concorrente do escore Nine Equivalents of Nursing Manpower Use Score 
(NEMS) em comparação ao Therapeutic Intervention Scoring System-28 (TISS-28) em uma Unidade de 
Terapia Intensiva Pediátrica (UTIP). 
Métodos: Estudo de coorte prospectivo observacional, realizado na UTIP de um hospital universitário brasileiro, 
no período de dois anos, com uma amostra de 816 pacientes. Foram realizadas 7.702 observações de cada 
um dos escores. 
Resultados: A média da pontuação máxima do NEMS foi 26,6±9,2 e do TISS-28 21,3±8,2. Em todas as 
médias, o TISS-28 foi inferior ao NEMS (p<0,001). Houve uma boa correlação entre eles (r2=0,704 para todas 
as observações). A concordância entre o TISS-28 e o NEMS foi boa, apresentando apenas 6,2% de diferença 
entre os escores. 
Conclusão: Os resultados mostraram boa correlação e concordância entre o TISS-28 e o NEMS, permitindo 
validar o NEMS nessa população de pacientes pediátricos. 
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Introduction

Intensive Care Units (ICUs) are seen as critical 
care areas that demand highly specialized profes-
sionals, advanced technology and the organiza-
tion of work processes, which result in increased 
concern related to costs and operationalization. 
Therefore, they require proper documentation 
and a preview of measurable parameters that 
qualify and quantify care delivery that is essential 
for children hospitalized in Pediatric Intensive 
Care Units (PICUs). 

Nurses can use tools to identify the severity of 
patient conditions, therapeutic interventions and 
the requirements of nursing care in intensive ther-
apy. The use of scores enables the assessment of 
certain characteristics presented by patients, con-
tributing to decision-making and evidence-based 
practice. The Therapeutic Intervention Scoring 
System was originally presented in 1974. Some 
changes were implemented to it over time and its 
simplified version is currently the most dissemi-
nated of its versions.(1,2) The Therapeutic Interven-
tion Scoring System-28 (TISS-28), presented in 
1996, is composed of 28 items designed to mea-
sure the severity of the disease and nursing work-
load.(2,3) The creation of the Nine Equivalents of 
Nursing Use Manpower (NEMS)(2,4) was based on 
the TISS-28. 

Work processes within the dynamics of ICUs 
require optimization of time and feasibility of 
implementation; the NEMS is an agile tool be-
cause it presents only nine items as variables.(1,5,6)   
The NEMS is also appropriate for the man-
agement of nursing professionals who work 
in intensive therapy and for the evaluation of  
ICUs.(7-9) 

Studies validating NEMS were implemented 
with clinical and surgical patients hospitalized 
in adult ICUs,(4,10) however, such studies are rare 
and seldom implemented in pediatric units.(5) 

The primary objective of this study is to examine 
the concurrent validity of the NEMS in com-
parison to the TISS-28 in a Pediatric Intensive 
Therapy Unit. 

Methods

This is a prospective observational cohort study 
conducted in a level III Pediatric Intensive Care 
Unit at São Lucas Hospital, Pontifícia Universidade 
Católica do Rio Grande do Sul. The study was con-
ducted between October 1st, 2006 and September 
30th, 2008. The sample was composed of patients 
aged between 28 days and 18 years old who were 
hospitalized in the PICU. All the children who re-
mained in the unit for more than eight hours, re-
gardless of the severity of their condition, and for a 
period of four hours or longer in the case of death, 
were included. Patients who were readmitted to the 
PICU after being discharged from other Units were 
considered new patients. 

Sample size was computed based on an average 
population of 400 patients hospitalized in the PICU 
per year. A total of 800 pediatric hospitalizations in 
the PICU were estimated over a period of two years. 
The sample power was computed with a level of sig-
nificance set at 5% to detect the main associations 
of interest. Thus, the sample presents a power of 
100% to evaluate the association between a cut off 
point of 50% of the categories of the NEMS and 
TISS-28, with mortality estimated to be 6%.

Data were collected from the medical charts of 
patients hospitalized in the PICU and the instru-
ment was composed of two parts: the first part was 
composed of therapeutic interventions from the 
TISS-28 and NEMS(4) adapted for follow-up until 
discharge or death; the second part addressed so-
cio-demographic data in addition to the Pediatric 
Risk of Mortality (PRISM).(11)

The TISS-28’s therapeutic interventions include 
seven categories that correspond to: basic activities, 
ventilator support, cardiovascular support, renal 
support, neurological support, metabolic support, 
and specific interventions. Each of these parameters 
is composed of items with scores that range from 
one to eight, totaling 28 measures.(3) The NEMS 
includes nine items: basic monitoring, intravenous 
medication, mechanical ventilator support, supple-
mentary ventilatory care, single vasoactive medica-
tion, multiple vasoactive medication, hemofiltra-
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tion and/or dialysis techniques, specific interven-
tion in the ICU, and specific interventions outside 
the ICU.(4) 

Data were collected daily by four RNs during 
the child’s entire hospitalization from 12pm to 2pm 
using the records on the patient’s chart concerning 
the last 24 hours of hospitalization in the Unit. 
The team of nurses collecting data was previously 
trained. After this stage, the Kappa test was applied 
to verify inter-rater agreement. Agreement at 0.85 
was obtained, which indicates strong agreement. 
Collected data were reviewed by the nurse research-
er and stored in a database in a Microsoft Office 
Excel® spreadsheet to be analyzed later using the 
Statistical Package for the Social Sciences® (SPSS), 
version 17.0. 

The results were considered significant when 
p≤0.05. Continuous variables with normal distri-
bution were presented in averages (± standard de-
viation) and categorical variables in percentages. 
Continuous variables with non-normal distribution 
were expressed in medians and interquartile inter-
vals (CI95%). When indicated, the categorical vari-
ables were compared using the Chi-square test or 
Fisher’s Exact test, while Student’s t test was used to 
compare the averages. 

The population’s mortality was reviewed with 
the Standard Mortality Ratio (SMR) computa-
tion, which is based on the PRISM. It is a reli-
able indicator of severity that was validated by the 
authors(12) and used in the institution during the 
study. SMR corresponds to the ratio between ob-
served and expected mortality and its variation, 
assessed according to standard deviation, the val-
ues of which confirm the hypothesis that observed 
mortality is equal to the expected when ±1.96. The 
Area Under Curve Receiver Operating Character-
istic (AUROC) was used to assess sensitivity (cor-
rect prediction of death) and specificity (correct 
prediction of survival).

The correlation of results between the two 
scores, the NEMS and the TISS-28 (continuous 
variables), was tested using Pearson’s linear correla-
tion, analyzing the degree of association between 
both, and customization was performed through 
binary logistic regression analysis. To interpret the 

results of linear correlation,(13) we considered “r” be-
tween 0.0–0.3 to be weak, 0.3-0.6 to be moderate 
and >0.6 to be strong correlation.

Bland & Altman plotting(14) was used in the 
analysis of agreement to verify the variation of 
scores. We considered the analysis from this plot-
ting to be representative of good agreement when 
more than 95% of the sample was within its lim-
its (± 1.96 standard deviation in relation to the 
average).(14)

The study met the national and international 
standards concerning ethics in research involving 
human subjects.

Results

A total of 830 new hospitalizations were observed 
in the PICU during the study’s period. There were 
13 admissions concerning newborns aged less than 
28 days old that were not included: 12 in the post-
operative period of cardiac surgery and one on me-
chanical ventilation due to bronchiolitis. Hence, 
817 admissions were eligible. Data from one patient 
(0.12%) were lost. A total of 816 hospitalizations 
composed the sample and generated 7,702 observa-
tions for the measures. 

The median age was 23.47 (5.7-72.2) months; 
most were males (56.9%) and remained hospital-
ized less than seven days (65.4%). A total of 608 
patients (74.3%) presented one or more organic 
dysfunctions during the hospitalization. The most 
prevalent dysfunctions were respiratory (45.6%), 
followed by neurological (19.4%) and cardiologic 
dysfunctions (17.2%).

In regard to their origin, 56.1% came from the 
study’s hospital (surgical center and nursing ward) 
and 43.9% came from the emergency department 
or from another hospital; 58% were clinical patients 
and 46% required mechanical ventilation.

As shown in Table 1, the scores obtained on the 
TISS-28 during hospitalization ranged from six to 
52, with an average of 19.2 ± 7.4 and a median of 
18.  On the day of the highest score (the maximum 
TISS-28), the TISS-28 ranged from six to 59, with 
an average of 21.3±8.2 and a median of 23. For all 
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the averages of observations, TISS-28 was below 
NEMS (p<0.001). Th e NEMS scores at admission 
ranged from six to 48, with an average of 24.7 ± 
8.2 and median of 23. Th e maximum NEMS score 
ranged from six to 51, with an average of 26.6 ± 
9.2 and a median of 25. PRISM had a good per-
formance with expected mortality of 6.9% while 
the observed rate of mortality was 6.6%. Th e SMR, 
ratio of the observed by the predicted mortality was 
0.96 (CI95%).

Table 1. Comparison of TISS-28, NEMS and Outcome of 
patients hospitalized in Pediatric Intensive Care Unit

Characteristics
Total 

n=816
PRISM<10 

n=700
PRISM>10 

n=116
p-value

TISS-28 during 
hospitalization

19.2 ± 
7.4

18.5 ± 7.2 23.7 ± 6.9 <0.001*

Maximum TISS-
28 

21.3 ± 
8.2

21.1 ± 8.2
22.47 ± 

7.9
0.117

NEMS during 
hospitalization

24.7 ± 
8.2

24.5 ± 8.2 26.2 ± 8.2 0.036*

Maximum NEMS 
26.6 ± 

9.2
26.4 ± 
9.22

28.0 ± 9.1 0.084

Expected 
mortality 
(PRISM)

56.2 6.9 21.2 3.0 35.0 30.2 <0.001*

Observed 
Mortality

54.0 6.6 24.0 3.4 30.0 25.9 <0.001*

Legend: The TISS-28 and NEMS variables are expressed by averages and 
standard deviation (average ± SD); The variables Expected Mortality and 
Observed Mortality are expressed by an absolute number followed by 
percentage – n(%); The symbol (*) indicates p<0.05; TISS-28 – Therapeutic 
Intervention Scoring System-28; NEMS – Nine Equivalents of Nursing 
Manpower use Score; PRISM – Pediatric risk of mortality score; Student’s t test

Th e NEMS and TISS-28 showed good discrim-
ination of mortality when applied at admission 
[AUROC of 0.71 (CI95% 0.63 - 0.78) and 0.68 
(CI95% 0.60 - 0.75), respectively]; and maximum 
scores [AUROC of 0.80 (CI95% 0.74 - 0.85) and 
0.76 (CI95% 0.70 - 0.82), respectively]. Correla-
tion among the indexes was good, both at admis-
sion (r2=0.70) and in relation to the maximum 
score (r2=0.74) (p<0.01).

Th e 816 studied patients were hospitalized from 
one to 277 days, with a median of fi ve (three-ten) 
days, and totaling 7,702 observations. Including all 
the measures, the TISS-28 ranged from two to 59, 
with an average of 19.3 ± 6.6 and a median of 19. 
Th e NEMS ranged from zero to 51, with an average 
of 24.3 ± 8.2 and a median of 27.

Comparison between the NEMS and TISS-28 
showed that the diff erence between the scores was 
5 ± 4.45 (CI95% 4.9 - 5.1). Th e limit of agreement 
for two standard deviations was from -3.9 to +13.9 
(Figure 1). Th e diff erence between the scores that 
were larger than two standard deviations (>8.9 DP) 
was 6.2%.

Good correlation was found between the NEMS 
and TISS-28 despite the diff erence between the two. 
Th e correlation between the analyzed scores was 
linear and positive (r=0.825; r2=0.704, p<0.001). 
When customization was performed using binary 
logistic regression, the relationship between the two 
systems was NEMS = 4.25 + (1.04 x TISS-28).

When the sample was stratifi ed, we observed 
that the diff erence between the NEMS and TISS-
28 persists within a small interval of 3.6 points (2.4 
to six), which would not justify a new customiza-
tion (Table 2).

Figure 1. Bland & Altman plotting for the agreement between 
the NEMS and TISS-28 in a Pediatric Intensive Care Unit, Porto 
Alegre, RS, Brazil; SD – Standard Deviation; Dif – difference; 
NEMS – Nine Equivalents of Nursing Manpower use Score; 
TISS-28 – Therapeutic Intervention Scoring System-28
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Table 2. Main characteristics of a sample from a Pediatric 
Intensive Care Unit stratified according to the total number of 
measures taken and averages obtained from NEMS and TISS-
28 and their statistical difference

Total TISS-28 NEMS Difference

n(%) 
Average 

± SD
Average 

± SD
Average 

± SD

Total 7,702(100) 19.3 ± 6.6 24.3 ± 8.2 5.7 ± 1.6

Infants 4,269(55.4) 20.4 ± 6.1 26.2 ± 7.7 5.8 ± 1.6

Children 3,433(44.6) 17.8 ± 6.9 21.9 ± 8.1 4.1 ± 1.2

TI < 7 1,987(25.8) 15.5 ± 6.2 19.7 ± 6.9 4.3 ± 0.7

TI > 7 5,715(74.2) 20.6 ± 6.2 25.9 ± 8.0 5.3 ± 1.8

Clinical 5,725(74.3) 19.8 ± 6.4 25.7 ± 7.9 5.9 ± 1.6

Surgical 1,977(25.7) 17.8 ± 7.0 20.3 ± 7.5 2.4 ± 0.5

Hospital 
origin

3,127 (40.6) 18.0 ± 6.6 21.6 ± 7.7 3.6 ± 1.1

External 
origin

4,575(59.4) 20.2 ± 6.5 26.2 ± 8.0 6.0 ± 1.5

Male 4,431(57.5) 19.4 ± 6.2 24.6 ± 7.9 5.2 ± 1.6

Female 3,271(42.5) 19.1 ± 7.0 23.9 ± 8.5 4.8 ± 1.5

Death 841(10.9) 23.7 ± 5.5 29.6 ± 7.1 5.9 ± 1.5

Alive 6,861(89.1) 18.7 ± 6.5 23.7 ± 8.0 4.9 ± 1.6

On 
ventilation

5,585(72.5) 21.3 ± 6.2 27.0 ± 7.8 5.8 ± 1.6

Not on 
ventilation

2,117(27.5) 14.1 ± 4.5 17.2 ± 3.6 3.1 ± 0.9

Legend: All the measures of averages between thee NEMS and TISS-28 were 
different (p<0.001); NEMS – Nine Equivalents of Nursing Manpower use 
Score; TISS-28 – Therapeutic intervention Scoring System-28; SD – standard 
deviation; TI – duration of hospitalization in days; Student’s t test

Discussion

This independent study was conducted in a Pediatric 
Intensive Care Unit to compare the scores obtained 
by children and adolescents in the application of the 
NEMS and TISS-28. The data collected enabled 
customization for the computation, based on the 
NEMS, of the score obtained in the TISS-29.

This study presents a limitation due to the fact 
that data were collected in a single PICU, though 
it favors the uniformity of data. It is also important 
to consider that data were collected only once, be-
tween the morning and the afternoon. Some studies 

collect data on three shifts but choose the highest 
value or the average.(10) Additionally, the TISS-28 
and NEMS do not consider the time nurses spend 
with care provided to the family (assistance and 
guidance). In this context, other scores such as the 
Nursing Activities Scores should be verified.(15)The 
median age found in this study was children young-
er than two years old while most were male. Other 
studies report a higher percentage at an older age in 
relation to the age of the sample in intensive care, 
that is, 44.3 months(12) and 8.5 years old in inter-
national study.(16) Similar results concerning gender 
were also verified in an epidemiological study con-
ducted in a PICU.(17)

Aiming to compare the diagnoses that resulted 
in hospitalization in a PICU according to organic 
dysfunction, we verified in the literature differences 
with a greater proportion of cardio-circulatory dys-
functions (30%) followed by respiratory (27%) and 
neurological (22%) dysfunctions.(12) Respiratory 
dysfunctions predominated in this study.

Considering the progression of patients over 
the course of their hospitalization in the Pediatric 
Intensive Care Unit, the scores obtained on both 
the TISS-28 and the NEMS by the patients who 
died were always higher than those obtained by the 
survivors. More severe patients require a greater 
number of therapeutic interventions, which is also 
related to a heavier nursing workload.(18) The find-
ing that patients who do not survive obtain higher 
scores has also been verified in other studies.(18-21)

When the PRISM was higher than ten, mor-
tality was 25.9%, and when the PRISM was lower 
than ten, the mortality observed was 3.4%. The av-
erages of the NEMS and TISS-28 for patients who 
obtained a PRISM>10 was also higher when related 
to length of hospitalization.

The AUROC was 0.80% for the score obtained 
on the NEMS. This means that a patient who ends 
up dying obtains higher scores on the NEMS than 
a survivor 80% of the time, considering the maxi-
mum score obtained on the NEMS. Therefore, as 
already observed with the TISS-28,(22) the NEMS 
shows a good ability to discriminate mortality 
during hospitalization and also when the maximum 
scores of the indicators are considered.  
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During clinical progression, we observed that 
94.4% of the patients were discharged from the 
PICU and 6.6% died; this finding is close to the 
mortality indicators reported in international stud-
ies conducted in PICUs.(23) This information differs 
from studies in the pediatric field conducted in Bra-
zil, which report higher mortality rates in pediatric 
intensive care.(24)

We observed that the NEMS and the TISS-
28 presented good agreement. A series of chang-
es in the TISS-28 have been proposed in the pro-
gressive process of these scores that aims to assess 
the severity of patients through the therapeutic 
interventions to which they are subject, in addi-
tion to assessing the workload in ICUs.(2,25)  Tak-
ing into account that one point on the TISS-28 
is equivalent to approximately 10.6 minutes(2,26) 
of a nurse’s work during his/her shift, these 
scores are appropriate to discuss work processes 
in order to adapt resources to the needs of inten-
sive care units.

The NEMS overestimated the value of the 
TISS-28 in all the studied variables. One of the 
most important contributions of this study was the 
finding that when one decreases approximately four 
to five points in the NEMS’s score, one finds a re-
sult that is very close to the TISS-28’s score. The 
equation found for the customization  [NEMS = 
4.25 + (1.04 x TISS-28)] was very similar to that 
of a study conducted with adults.(10) There are few 
studies in the pediatric field using scores to study 
therapeutic interventions.(5)

It was possible to customize the NEMS and 
TISS-28 scores for a Pediatric Intensive Care 
Unit. In general, the TISS-28 is conceived as re-
flecting the nursing workload in a broad range 
of levels of activity. The NEMS, however, has a 
more attractive performance, as shown in this 
study, and contains only nine therapeutic inter-
ventions, which demands less time for data col-
lection. The use of the NEMS in PICUs is useful 
for pediatric intensive care nurses, since it helps 
to measure the severity of patients’ conditions 
and their nursing care needs, in accordance with 
Resolution 7/2010, National Agency for Sani-
tary Vigilance.(27)

Conclusion

This study enabled the validation of the NEMS in 
a Pediatric Intensive Care Unit of a University Hos-
pital. We observed that the more therapeutic inter-
ventions, the higher the scores obtained and, con-
sequently, the more severe the patient’s condition. 
A good correlation was found between the TISS-
28 and the NEMS in this population of pediatric 
patients, and both presented good discriminatory 
capacity for mortality and good association with the 
PRISM. However, the NEMS overestimated the 
TISS-28 values for all the studied variables, which 
enabled obtaining a customized computation be-
tween the scores. 
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