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KEYWORDS Abstract
Therapeutic Introduction: There are numerous scales in intensive care units that are used to quantify the

Intervention Scoring severity of patients. Most of them are very useful, although sometimes laborious to complete,
System; thus limiting their use in usual practice. One of these scales, the Therapeutic Intervention
Simplified Scoring System (TISS-76), has been validated in adult and paediatric units. Its simplified and
updated version, the Simplified Therapeutic Intervention Scoring System (TISS-28), has not yet

Therapeutic . . . . . . . . .

Intervention Scoring been validated in paediatric units. The aim of this study is to validate TISS-28, in order to have
System; a simple and rapid scale.

Paediatric Intensive Material and method: A prospective non-interventional observational study was conducted in
Care Unit a Paediatric Intensive Care Unit (PICU) of a university hospital. Data were collected from 935

consecutive patients admitted to the PICU over a 3-year period. These included the values of
TISS-76 and TISS-28 during the first 4 days of admission and the subsequent outcome of the
patients.

Results: The mean values of TISS-76 and TISS-28 for the first day of admission were 18.27 and
18.02, respectively. Values were higher in patients who had sequelae or died (17.58 versus 27.23
and 37.44, respectively for TISS-76 (p<.01); and 17.51 versus 23.80 and 33.44, respectively for
TISS-28 (p<.01).
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PALABRAS CLAVE
Escala de puntuacion
de intervenciones
terapéuticas;

Escala simplificada de
puntuacion de
intervenciones
terapéuticas;

Unidad de Cuidados
Intensivos Pediatricos

Introduction

A very good correlation was found between TISS-76 and TISS-28, with Pearson correlation and
intraclass correlation coefficients >0.9 (except for the 2nd day). The correlation equation for
the overall 4 days was: TISS-76=—1.74+1.05 x TISS-28. TISS-28 was able to explain 82.4% of
variability of TISS-76. The area under the curve with a confidence interval (Cl) of 95% for the
first day was 0.80 (0.73-0.87) for TISS-76, and 0.76 (0.67-0.84) for TISS-28.

Conclusions: On observing the results obtained, TISS-28 can replace TISS-76 in our PICU, without
worsening the information provided. Being a reliable scale and easier to apply, its practical
application could be useful.

© 2020 Published by Elsevier Espafa, S.L.U. on behalf of Asociacion Espanola de Pediatria.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Validacién de la escala simplificada de puntuacion de intervenciones terapéuticas
(TISS-28) en nifos criticamente enfermos

Resumen

Introduccion: En el ambito de los cuidados intensivos, existen numerosas escalas para cuan-
tificar la gravedad de los pacientes. La mayoria de ellas son muy Utiles, aunque en ocasiones
laboriosas de completar, por lo que su implantacion en la practica habitual es escasa. Una de
ellas es la escala de puntuacion de intervenciones terapéuticas (TISS 76), que ha sido validada
en unidades de adultos y pediatricas. Su version simplificada y actualizada, la escala simplifi-
cada de puntuacion de intervenciones terapéuticas (TISS 28), no ha sido validada en unidades
pediatricas, siendo este el objetivo del estudio, con idea de disponer de una escala sencilla y
rapida.

Material y método: Estudio observacional prospectivo sin intervencion, en la Unidad de Cuida-
dos Intensivos Pediatricos (UCIP) de un hospital universitario. Se recogieron datos de 935
pacientes ingresados consecutivamente en la UCIP durante un periodo de 3 afos, incluyendo
los valores de TISS 76 y TISS 28 de todos durante los 4 primeros dias de ingreso y la posterior
evolucion de los pacientes.

Resultados: Los valores medios de TISS 76 y TISS 28 para el primer dia de ingreso fueron de 18,27
y de 18,02, respectivamente, siendo mas elevados en los pacientes con secuelas o que fallecian.
Se encontré muy buena correlacion entre la TISS 76 y la 28, con coeficiente de correlacion
de Pearson y de correlacion intraclase >0,9 (excepto para el segundo dia). La ecuacion de
correlacion para los 4 dias fue: TISS76 = —1,74+1,05 x TISS28. La TISS 28 fue capaz de explicar
el 82,4% de la variabilidad de la TISS 76. El area bajo la curva con un intervalo de confianza del
95% para el primer dia fue de 0,80 para la TISS 76 y de 0,76 para la TISS 28.

Conclusiones: Con los resultados obtenidos, la TISS 28 puede reemplazar a la TISS 76 en nuestra
UCIP, sin empeorar la informacion proporcionada. Siendo una escala fiable y mas sencilla de
aplicar, podria ser Gtil su aplicacion practica.

© 2020 Publicado por Elsevier Espana, S.L.U. en nombre de Asociacion Espafiola de Pediatria.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

The Therapeutic Intervention Scoring System (TISS) was
developed in 1974 by Cullen et al.> and was initially

The objective assessment of disease severity is one of the
areas of interest in medicine, especially in the field of pae-
diatrics, given the specific characteristics of children.” In
the paediatric intensive care setting, classification schemes
are used to attempt to objectively quantify overall sever-
ity in critically ill patients; most of them establish severity
by estimating the risk of mortality based on the patient’s
clinical condition. Other classification systems are based
on therapeutic interventions, estimating severity based on
the number and complexity of procedures performed on the
patient.?

described as a severity index. It measures the intensity
of therapeutic interventions and therefore the nursing
workload in everyday practice and calculates the appro-
priate number of nursing staff required to care for the
patient. Although the workload can be assessed with sev-
eral systems,>* the TISS is the most widely used and has
been proposed as the international gold standard for this
measurement.

The TISS was revised and modified in 1983* and has
remained unchanged since. It has several drawbacks, such as
reliability problems due to the excessive number of items,
the variability in the possible interpretation of some of the
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items and the time required to calculate the score, which
can take experienced raters 2-5 min.>¢ The TISS-76 has been
validated for use in several intensive care unit (ICU) settings,
including the Paediatric Intensive Care Unit (PICU).

In 1996, Miranda et al.® published a simplified version of
the original comprising 28 items and known for that reason as
the simplified TISS (TISS-28). The authors reduced the num-
ber of items and provided specific guidance and directions
to facilitate its application. Completing this version takes
approximately 2 min, less time than the TISS-76, and is less
complicated than the previous version.

Previous studies, conducted only in adult patients, found
a strong correlation between the TISS-28 and the TISS-76,
including the original study by Miranda et al.® in ICUs in the
Netherlands. Moreno and Morais’ published data obtained
in a Portuguese ICU and also found a good correlation
between both scales. Sanchez-Velazquez et al.® reported
similar results of a multicentric study conducted in Mexico,
and Castillo-Lorente et al.’ similar results of a study of ICUs
in Spain.

The primary objective of this study was to analyse the
correlation between the TISS-28 and the TISS-76 in a PICU
in Spain and the substitution of the TISS-28 for the TISS-
76, as previous studies have only been conducted in adult
patients. The secondary objective was to assess the corre-
lation between each of those 2 scores and disease severity
in patients.

Sample and methods

We conducted a prospective observational study. We col-
lected data between October 1, 2009 and October 1, 2012.
We included all patients admitted to the PICU of a teaching
hospital. The exclusion criteria were a length of stay in the
PICU of less than 2 h and admission to PICU for performance
of procedures under sedation.

We collected data on the following variables: date
of birth, length of stay (days), age (months), sex
(male/female), weight (kg), discharge diagnosis, type
of disease based on the classification of the American
Academy of Pediatrics'® (respiratory, cardiovascular, neuro-
logic, haematology/oncology, renal/metabolic/endocrine,
gastrointestinal, surgical, infectious, trauma, monitor-
ing, poisoning, sedation and other). We documented the
treatments and techniques used in the first 4 days of hos-
pitalisation using the TISS-76 and TISS-28, so we obtained 4
pairs of measurements per patient.

The physician in charge of the patient calculated both
TISS scores daily, and before discharge, the results were
reviewed by 2 different members of the medical team
trained in the use of these scales.

We classified patient outcomes in 3 categories (no seque-
lae, with sequelae and deceased) based on the Pediatric
Overall Performance Category scale. "

We performed all the statistical analyses with the R
software (www.r-project.org). We summarised continuous
variables as mean and standard deviation, median, mini-
mum and maximum, and compared them using the Welch
t test if the data were normally distributed and otherwise
with the nonparametric Kruskal-Wallis test. We described
categorical variables as absolute and relative frequencies,

341
Table 1  Characteristics of the 935 patients in the sample.
n Percentage
Sex (male) 542 58.1%
Age (months) 33 (0-256)
(median + range)
Discharge diagnosis
Infectious 139 14.9%
Respiratory 282 30.2%
Surgical 246 26.3%
Neurologic 88 9.4%
40 4.3%
Haematology/oncology
Cardiovascular 22 2.4%
Metabolic/renal 40 4.3%
Gastrointestinal 14 1.5%
Poisoning 7 0.7%
Trauma 44 4.7%
Monitoring 7 0.7%
Sedation 6 0.6%
PRISM Il score, mean 2.80 (4.53)
(5D)
PIM 2 score, mean (SD) 1.36 (2.43)
Length of stay in days, 3 (1-92)
median (range)
Patient outcomes
Without sequelae 886 94.6%
With sequelae 30 30.2%
Death 18 1.9%

and compared them using the Fisher exact test of indepen-
dence. We assessed the size of differences by calculating
odds ratios (ORs) with the corresponding 95% confidence
intervals (Cls) for the crude OR and the adjusted OR, when
the latter measure was deemed necessary to account for
potential confounders. We calculated crude and adjusted
by means of logistic regression. We analysed the associa-
tion between the mean TISS-76 and TISS-28 scores by simple
linear regression. We recorded the obtained Pearson corre-
lation coefficient and the coefficient of determination (R?).
We also analysed the consistency of both scales by calculat-
ing the intraclass correlation coefficient (ICC) for each pair
of scores and for the mean scores in the sample. The analysis
also included generation of scatter plots and Bland-Altman
plots. We defined statistical significance as a p-value of
less than 0.05. We plotted receiver operating characteris-
tics (ROC) curves and calculated the area under the curve
(AUC), estimating the optimal threshold using the Youden
index.

The study was approved by the Regional Clinical Research
Ethics Committee of the Principality of Asturias.

Results

During the study, we collected data for 935 patients. As can
be seen in Table 1, there was a predominance of the male
sex (58.9%). The median age was 33 months (range, 0-256).
The most frequent group of diagnoses corresponded to the
respiratory system (30.2%). The mean length of stay was 5.25
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Table 2 Scale scores by patient outcome.

Mean Standard
deviation
PRISM Ill (total) 2.80 4.53
Without sequelae 2.42 3.50
With sequelae 5.17 6.49
Death 17.39 13.05
PIM 2 (total) 1.36 2.43
Without sequelae 1.20 2.04
With sequelae 1.95 2.52
Death 8.08 6.80
TISS-76/TISS-28
Day 1 18.27/18.02 7.91/6.91
Day 2 14.61/15.93 6.66/9.53
Day 3 13.71/15.26 6.61/5.83
Day 4 13.12/14.78 6.66/6.10
TISS-76/TISS-28 on day 1 (by patient outcome)
Without sequelae 17.58/17.51 6.76/6.12
With sequelae 27.23/23.28 12.26/11.19
Death 37.44/33.44 15.46/11.39

days. The mean scores of the Pediatric Risk of Mortality Ill
(PRISM 111) and the Pediatric Index of Mortality 2 (PIM 2) were
2.8 and 1.36, respectively. The overall mortality in the PICU
was 1.9% and the corresponding in-hospital mortality was
0.2%.

The mean TISS-76 scores for days 1-4 of admission were
18.27, 14.61, 13.71 and 13.12, respectively. The mean TISS-
28 scores for the same days were 18.02, 15.93, 15.26 and
14.78. Table 2 presents the scores for the different scales
(PRISM 111, PIM 2, TISS-76 and TISS-28) for each of the patient
outcome groups.

We found a good correlation between the TISS-28 and
the TISS-76 scores. The Pearson correlation coefficient for
these scores in days 1-4 of the stay in the PICU were 0.912,
0.558,0.919 and 0.918, respectively. Fig. 1 shows the regres-
sion line for the comparison of the TISS-76 versus the TISS-28
scores in day 1 of the PICU stay, along with the linear regres-
sion equation. Fig. 2 shows the Bland-Altman plot for the
comparison of the TISS-76 and TISS-28 scores in day 1 at
the PICU. The ICC for day 1 was 0.90 (95% Cl, 0.89-0.91).
We found similar correlations for the remaining days under
study, save for day 2, in which the correlation was weaker,
with an ICC of 0.52 (95% Cl, 0.47-0.57). We calculated the
overall correlation of the TISS-28 and TISS-76 scores for
the entire 4-day period, with a Pearson correlation coeffi-
cient of 0.91, the equation TISS-76 = —1.74+1.05 x TISS-28
(R?=0.824) and an ICC of 0.75 (95% Cl, 0.74-0.77).

The predictive value of the TISS-76 to discriminate
between patients without sequelae and patients with seque-
lae or that died was good and did not improve in subsequent
days. The predictive value of the TISS-28 was similar, and
the differences were not statistically significant. Fig. 3
presents the ROC curves for the TISS-76 and the TISS-28
scores for day 1. The AUC for the TISS-76 score on day 1
was 0.803 (0.728-0.872) compared to 0.759 (0.670-0.842)
for the TISS-28 score. The cut-off point for differentiating
patients without sequelae from patients with sequelae or

N
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Figure 1  Regression line for the comparison of the TISS-76

and the TISS-28 scores in the first day of admission in the
935 patients under study. The linear regression equation was
T76=—0.53828 + 104398 x T28 (R? =0.832).
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Figure 2  Bland-Altman plot of the TISS-76 and TISS-28 scores

in the first day of hospitalisation. The intraclass correlation
coefficient was 0.90 (0.89-0.91).

that died for scores obtained in day 1 were 27 in the TISS-
76 (sensitivity of 55.2% and specificity of 90.4%) and 24 in
the TISS-28 (sensitivity of 58.3% and specificity of 87.2%).
We prioritised specificity over sensitivity in the selection of
cut-off points.

Discussion

Mortality risk scores are commonly used in intensive care to
classify patients and care units and to be able to compare
the latter, as well as to guide the allocation and manage-
ment of resources. However, they are not commonly used
for clinical decision-making, which should be an objective
in the improvement of both the scales themselves and their
use by health care professionals. The PRISM I11'>"3 and the
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Figure 3 ROC curve for the TISS-76 (dark line) and TISS-28

(light line) scores in the first day of admission for the disclination
of patients without sequelae from patients with sequelae or
deceased.

PIM 2"3-"7 are the scales most widely used in the PICU set-
ting. The TISS scales®* have exhibited a good correlation
with these mortality scores, despite being mainly based on
the care workload. The TISS-76 was published first,® and it
has been validated for use in adult and paediatric ICUs. The
updated, simplified version, the TISS-28,* has been validated
in adult care settings but not in the paediatric population.
Given the differences in the types and severity of disease
and in the bed occupancy rate between the adult and pae-
diatric populations, it is essential that scales be validated in
the latter.

Our study validated the TISS-28 in a single PICU to be
able to use this simplified scale and to compare the data
obtained with both scales, the TISS-76 and the TISS-28, to
patient outcomes.

The scores obtained in both scales in the first 4 days in
the PICU were very similar: on day 1, the TISS-76 score was
18.27 and the TISS-28 score was 18.02. Our findings were
similar to those of studies conducted in other countries, such
as Mexico and Ecuador.? In subsequent days, the scores in
both scales decreased, although they continued to be quite
similar. This means that the predictive value of the scales
does not increase significantly with passing days, and that

the values obtained in the early hours following admission
can provide a fairly accurate estimate and good predictions
about patient outcomes.

We found a good correlation between the scales. The
overall correlation coefficient calculated for the first 4 days
in the PICU was 0.90. It is a good value, higher than the coef-
ficient of 0.85 reported by Castillo-Lorente et al.,’ although
slightly lower than the coefficient of 0.93 reported by
Miranda et al.,® Moreno and Morais’ and Sanchez-Velazquez
et al.?

In our study, the TISS-28 explained 82.4% of the variance
in the TISS-76 score. This percentage was similar to those
reported in the original sample in the Netherlands (86%)°
and the percentage in Mexico and Ecuador® (86.4%), and
higher compared to the percentage reported in the Por-
tuguese ICU study’ (72%). Table 3 compares our results to
those of previous studies.

In our sample, the difference of the mean TISS-76 and
TISS-28 scores (difference of means, 0.25 points) was lower
compared to the sample in the Netherlands (difference of
means, 4.6 points)® and the study conducted in Portuguese
ICUs (difference of means, 1.3 points).’

The correlation coefficients found for days 1-4 of the stay
in the PICU were 0.90, 0.52, 0.91 and 0.90, respectively. We
did not find data in the literature to compare these results,
as articles on the subject have only reported data for the
first 24 h,”° the mean of the values obtained throughout the
stay or even, in some cases, the TISS score obtained in the
shift preceding discharge from the ICU.®

It is worth noting that the correlation for day 2 was
lower compared to the other days under study. In days
1, 3 and 4 the correlation was approximately 0.90, while
on day 2 it dropped to 0.52. We were unable to compare
the results of this specific factor with other studies for
reasons noted above, although we could attribute this dif-
ference to the absence of some of the TISS-76 items in the
TISS-28.

In previous studies,®® TISS-76 and TISS-28 scores were
used to classify patients in 4 groups based on the care
workload. Since disease severity was lower in our patients,
we established cut-off points to attempt to predict patient
outcomes, discriminating between patients without seque-
lae and patients that either died or developed sequelae.
The cut-off points that we found were 27 for the TISS-76
and 24 for the TISS-28. With these values, the prediction
of patient outcomes in our sample was quite accurate.

Table 3 Comparison of the correlation for day 1 TISS-76 and TISS-28 values found in our study with the findings of previous

studies.

Study N (number of Type of ICU Intraclass 95% confidence Percentage of
patients) (adult/paediatric) correlation interval variance explained

coefficient

Miranda et al. (1996) 10,000 Adult 0.93 - 86.0%

Moreno et al. (1997) 1094 Adult 0.93 0.83-0.98 72.0%

Castillo-Llorente et al. 8838 Adult 0.85 = =

(1999)

Sanchez-Velazquez et al. 385 Adult 0.93 - 86.4%

(2000)

Vivanco-Allende et al. 935 Paediatric 0.90 0.89-0.91 83.2%
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More importantly, we were able to find a cut-off point
in the TISS-28 under which there were no errors in the
classification of deceased patients.

The main limitations of our study were the small sample
size, the low mortality and the fact that it was not a multi-
centric study, in addition to data collection ending in 2012,
which is important given how quickly intensive care evolves.
Furthermore, we did not document 2 of the most criticised
characteristics of the TISS-76, which are the amount of time
it takes to complete and the vagueness in the definition of
some of its items. The strength of this study is that, to our
knowledge, this is the first study devoted to the validation
of the TISS-28 in a PICU setting.

Conclusions

The TISS-28 administered in the first 24 h from admission has
a similar predictive value to the TISS-76, and the predictive
value does not improve in subsequent days. Therefore, we
propose the use of the TISS-28 in the first day of hospitalisa-
tion for quantitative assessment of the intensive care labour
effort in critically ill children.

Our results show that in our region, the TISS-28 could
be used instead of the TISS-76 with no loss in the obtained
information.
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