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Risk of mortality assessment in pediatric heart surgery

Pedlatrik kalp cerrahisinde mortalite riskinin degerlendiriimesi
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Background: This study aims to evaluate the validity of
Pediatric Index of Mortality (PIM) 1, PIM 2, and modified
Sequential Organ Failure Assessment (m-SOFA) scores for
predicting mortality in pediatric heart surgery.

Methods: Between June 2003 and January 2009, medical files
of 456 pediatric patients who were monitored in a 12-bed
postoperative cardiac surgery care unit following heart surgery
were retrospectively analyzed. A total of 373 files were included
in the study. Age, gender, diagnosis, the length of stay in the
intensive care unit and hospital, survival rates, PIM 1, PIM 2
scores and m-SOFA scores on admission, at 24 and 48 hours and
peak m-SOFA scores were recorded. Student’s t test was used to
compare the normally distributed data, whereas Mann-Whitney-U
test was used to compare non-parametric data. Calibration of the
scores was performed using the Hosmer and Lemeshow Goodness
of Fit test. Discrimination power of the scores was analyzed using
the receiver operating characteristic (ROC) curves.

Results: Fifty patients (13.4%) died perioperatively. Peak and
m-SOFA scores on admission were significantly higher in non-
survivors (9.8+2 and 9.2+2, respectively) than survivors (5+2.5
and 4.6x2.5, respectively; p<0.01). Calibration with Hosmer-
Lemeshow Goodness of Fit test was chi-square df (8)=30.4,
p=0.0002 for PIM 1 and chi-square df (9)=13.5, p=0.13 for PIM 2.
Discrimination power and calibration strength of PIM 2 score was
good (ROC 0.82), whereas PIM 1 had a better value (ROC 0.87)
of discrimination power with a poor calibration strength. The ROC
values of peak and m-SOFA scores on admission were observed
to have a good discrimination power (0.93 and 0.92, respectively).

Conclusion: Our study results demonstrate that peak and
m-SOFA scores on admission are improved for the prediction of
mortality in pediatric cardiac surgery, compared to PIM 1 and
PIM 2 scores.

Key words: Mortality prediction; m-SOFA score; pediatric cardiac
surgery; PIM 1 score; PIM 2 score.

Amag¢: Bu calismada Pediatrik Mortalite Indeksi (PIM) 1,
PIM 2 ve modifiye Ardisik Organ Yetersizlik Degerlendirme
(m-SOFA) skorlarinin pediatrik kalp cerrahisinde mortalite
tahminindeki gecerliligi degerlendirildi.

Calisma plani: 2003 Haziran - 2009 Ocak yillar1 arasinda,
12 yatakli ameliyat sonrasi kalp cerrahisi yogun bakim unite-
sinde kalp cerrahisi sonrasinda izlenen 456 pediatrik hastanin
tibbi dosyasi retrospektif olarak incelendi. Bu dosyalardan
373’u caligmaya dahil edildi. Hastalarin yas, cinsiyet, tani,
yogun bakimda ve hastanede kalis suireleri, sagkalim oranlari,
PIM 1, PIM 2 skorlar1 ve baslangictaki, 24. ve 48. saatlerde-
ki m-SOFA skorlar1 ile zirve m-SOFA skorlar1 kaydedildi.
Normal dagilim gosteren veriler Student t testi, nonparametrik
veriler Mann-Whitney-U testi ile karsilastirildi. Skorlarin
kalibrasyonu Hosmer ve Lemeshow Uyum lyiligi testi ile
yapildi. Skorlarin ayirim giicui, Alict isletim karakteristikleri
(ROC) egrisi kullanilarak analiz edildi.

Bulgular: Ameliyat siras1 donemde 50 hasta (13.4%) kaybe-
dildi. Zirve ve baglangic m-SOFA skorlari, olen hastalarda
(strasiyla 9.8+2 ve 9.2+2), sag kalanlara (sirasiyla 5+2.5 ve
4.6+2.5; p<0.01) kiyasla, anlamli duzeyde yuksekti. Hosmer-
Lemeshow Uyum lyiligi testi ile kalibrasyon PIM 1 i¢in ki-kare
df (8)=30.4, p=0.0002 ve PIM 2 i¢in ki-kare df (9)=13.5, p=0.13
bulundu. PIM 2’nin ayrim ve kalibrasyon guct iyi iken (ROC
0.82), PIM I’in daha iyi bir ayrim (ROC 0.87), ancak zayif bir
kalibrasyon giici oldugu goruldu. Zirve ve baslangic m-SOFA
skoru ROC degerlerinin iyi bir ayrim guct oldugu gozlendi
(strastyla 0.93 ve 0.92).

Sonug¢: Calisma bulgularimiz, pediatrik kalp cerrahisinde zirve
ve baglangi¢ m-SOFA skorlarinin mortaliteyi belirleme guiciiniin,
PIM 1 ve PIM 2 skorlarina kiyasla, gelismis oldugunu goster-
mektedir.

Anahtar sozciikler: Mortalite belirleme; m-SOFA skoru; pediyatrik kalp
cerrahisi; PIM 1 skoru; PIM 2 skoru.

Available online at
www.tgkdc.dergisi.org

doi: 10.5606/tgkdc.dergisi.2013.7658
QR (Quick Response) Code

Received: September 02, 2012 Accepted: December 26, 2012

Correspondence: .
Anesteziyoloji ve Reanimasyon Anabilim Dali, 34752 Kozyatagdi, Istanbul, Turkey.

Ozge Koner, M.D. VYeditepe Universitesi Hastanesi,

Tel: 490 216 - 578 48 00 e-mail: ozgekoner@gmail.com

633



Turk Gogus Kalp Dama

Mortality risk and outcome prediction are of great
importance in the intensive care unit (ICU), and
mortality indices are tools that aid in predicting patient
outcome, especially in pediatric ICUs. The standard
mortality prediction model in pediatric ICUs is the
Paediatric Risk of Mortality (PRISM)M in which the
scores are calculated using the most abnormal values
of 14 physiological variables obtained within the first
24 hours of ICU stay.”” However, it is difficult to collect
the variables for the PRISM, and other problems exist
with this model. For example, the score is less accurate
than it appears, and the worst values obtained within
24 hours hide the differences between the various
centers. Because of these issues with PRISM, another
index, the Pediatric Index of Mortality (PIM), based
on eight variables, was developed. The score for this
model is based on the data used for admission to the
ICU. It is simple and has a good predictive power.”
In 2003, a revised version of the PIM score (PIM2)
was developed,™ and the categories of admission after
cardiopulmonary bypass (CPB) and low risk diagnosis
variables were added.

Modified sequential organ failure assessment
(m-SOFA) is another assessment instrument that
consists of the evaluation of five organ systems. It is
designed to predict organ failure, but has also been
successfully used to predict mortality after pediatric
heart surgery.™

In this study, we retrospectively collected the data
of pediatric patients who underwent heart surgery,
calculated their PIM 1, PIM 2, and m-SOFA scores,
and evaluated their mortality prediction rates.

PATIENTS AND METHODS

This study, which was approved by the ethics committee,
was conducted in a 12-bed postoperative cardiac
surgery ICU that admits 300 patients yearly who
undergo heart surgery, 100-130 of whom are pediatric
patients. For this retrospective study, data from those
who underwent heart surgery between June 2003 and

January 2009 at our facility was collected, and a total
of 456 files were evaluated. Only those files with
complete records and laboratory tests were included in
the study since that made them eligible to be evaluated
by the PIM and SOFA scores. Seventy-seven were
excluded for this reason. Furthermore, patients older
than 16 years old were also excluded. Hence, 376
patients remained after applying the exclusion criteria;
however, three patients died in the operating room,
thus leaving 373 (212 boys, 161 girls). Their data were
the assembled and recorded. Standard anesthesia and
CPB methods were used during all of the operations.

The age, gender, diagnosis, ICU and hospital
length of stay, mortality, and cardiopulmonary and
aortic cross-clamp times along with the PIM 1 PIM 2,
m-SOFA scores on admission and at 24 and 48 hours,
and the peak m-SOFA score during the study period
were recorded. The m-SOFA score had a maximum
value of 20 (Table 1), and the PIM 1 and PIM 2 scores
were recorded according to the ICU referral data.

Parametric values were expressed as mean =+
standard deviation (SD) where appropriate, and all
variables were tested for normal distribution using the
Kolmogorov-Smirnov test. Student’s t-test was used
for comparison of the normally distributed parametric
data while the m-SOFA scores, both among the
survivors and non-survivors, were compared with the
Mann-Whitney U test. The performance of the scoring
systems was assessed by applying the standardized
mortality ratio (SMR), which was calculated by
dividing the observed deaths by the predicted number
of deaths in the total group. Calibration of the PIM 1
and PIM 2 scores was performed with the Hosmer
and Lemeshow goodness-of-fit test for deciles of
mortality risk based on the ranked mortality risks of
all patients for each scoring system. A p value <0.05
indicated a poor calibration or fit. The discrimination
power of the scores was assessed with receiver
operating characteristic (ROC) curves in which the
sensitivity was plotted against the 1-specificity. The

Table 1. Modified sequential organ failure assessment score

0 1 2 3 4
Respiration PaO2/FiO; >400 400-301 300-201 200-101 <100
Coagulation platelet count x10°/mm? >150 150-101 100-51 50-21 <20
Liver total bilirubin (mg/dL) <1.2 1.2-19 2-59 6-11.9 >12
Cardiovascular hemodynamic support No agents  Any cardiac Dopamine Dopamine Dopamine
agent <5 pg/kg/min  5-15 pg/kg/min >15 pg/kg/min
or any dose or epi/norepi or epi/norepi
dobutamine <0.1 pg/kg/min  >0.1 ug/kg/min
Renal creatinine (mg/dL) <1.2 1.2-19 2-34 3.5-49 >5
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Table 2. Distribution and mortality rate according to the operative procedures

Procedure Numbers Mortality (numbers)
Ventricular septal defect repair 11 11
Tetralogy of Fallot repair 57 6

Arterial switch 45 10

Atrial septal defect repair 37 0
Common atrioventricular canal repair 23 2

Double outlet right ventricle repair 17 4

Total anomalous pulmonary venous return repair 16 4

Aortic arch repair 11 2
Bidirectional Glenn shunt 10 0
Corrected transposition of the great arteries repair 9 1
Modified blalock-taussig shunt 9 0

Patent ductus arteriosus ligation 5 0

Truncus arteriosus 7 5

Others 19 5

area under the receiving operating characteristic The length of ICU stay along with the aortic cross-

(AUROC) curve was the overall summary measure  clamp and CPB times were longer for the non-survivors
of discriminatory performance. For example, an  (Table 3). Furthermore, the m-SOFA admission scores
AUROC of 0.5 meant that there was no discriminative  were higher for the non-survivors (9.2+2) than the

ability or that it was equal to random chance, whereas  survivors (4.6+2.5) (p<0.01), and the m-SOFA scores
an AUROC of 1.0 indicated a perfect discrimination  on day one and day two were higher for the non-
power. Statistical analysis was performed with the  gyryivors (7.8+2 and 8.7+2.5, respectively) than for
SPSS for Windows version 10.0 software program  he survivors (4.6+2.5 and 3.8+2.7) (p<0.01 for both).
(SPSS Inc, Chicago, IL, USA), and a value of p<0.05 1, »qdition, the peak m-SOFA score was significantly
was considered to be significant. higher for the non-survivors (9.8+2) when compared

against the survivors (5+2.5) (p<0.001) (Figure 1).
RESULTS All the non-survivors had both peak m-SOFA and

The distribution of the patients according to the  ,_SOFA admission scores of > 6 (range 6-14).
operative procedures is shown in Table 2, and the

demographic and operative data are shown in Table 3. The m-SOFA admission score had a sensitivity
Fifty of the patients died perioperatively (13.4%), and ~ ©f 97% and a specificity of 80%, which made for a
15 of these were neonates (30% of all the non- cut-off value of 65, and the peak m-SOFA values
survivors). The ages of these patients ranged from  revealed a similar sensitivity and specificity (96%
three days to 14 years old. The non-survivors were  and 74%, respectively) with the same cut-off value.
younger than the survivors (Table 3) as they were all ~ The m-SOFA on day one had a sensitivity of 88% and
younger than four years of age. specificity of 75%, yielding a cut-off value of 5.5. On

Table 3. Demographic and operative data

All (n=373) Survivors (n=323)  Non-survivors (n=50)
n Mean+SD n Mean+SD n Mean+SD P

Gender

Male 212 184 28 NS

Female 161 139 22 NS
Age (months) 32+38 36+39 11+20 <0.001
Aortic cross clamp time (min) 68+47 6343 10062 <0.001
Cardiopulmonary bypass time (min) 108+75 100+66 162+104 <0.001
ICU LOS (hours) 134+291 1224278 2234361 0.003
Hospital LOS (days) 16+14 16+14 14+15 NS

SD: Standard deviation; ICU: Intensive care unit; LOS: Length of stay; NS: Not significant.

635



Turk Gogus Kalp Dama

14+
*
121 . . .
=S
& 101
e
§ 87
g
£
Qo
2 47
£
2_
0_ T T T 1

SOFA adim SOFA day 1 SOFA day 2 SOFA max.

M Survivors Nonsurvivors

Figure 1. Comparison of sequential m-SOFA scores among the

survivors and non-survivors. m-SOFA: Modified Sequential Organ Failure
Assessment.

day two, the sensitivity was 86% and the specificity
was 86%, making a cut-off value of 6.5. Of all of
the non-survivors, the peak m-SOFA and m-SOFA
admission scores of only two patients were below the
cut-off value of 6.5. These results revealed that the
peak m-SOFA score along with m-SOFA admission
scores of 6.5 have reliable sensitivity and specificity
for mortality.

The overall performance of the PIM 1 and PIM 2
scores was evaluated via SMR, which was calculated
by comparing the expected and observed deaths in
the whole group (Table 4). The PIM 1 score had a
sensitivity of 83% and a specificity of 78% for a cut-
off value of 2.85, and the PIM 2 score had a similar
sensitivity and specificity (83% and 76%, respectively)
for a cut-off value of 2.45. Of all the non-survivors,
the PIM 1 scores of 10 patients were below the cut-off
value of 2.85 and the PIM 2 scores of seven patients
were below the cut-off value of 2.45. Therefore, the
discriminative power of admission and the peak
m-SOFA score of 6.5 is higher than both PIM scores.

Calibration with the Hosmer-Lemeshow goodness-
of-fit test for PIM 1 revealed a chi-square value of
degrees of freedom (df) (8)=30.4 and a 95% confidence
interval (CI) of 1.2 (range 1.12-1.27) (p=0.0002).
The results of the PIM 2 showed a chi-square value

of df (9)=13.5 and a 95% CI of 1.38 (range 1.2-1.5)
(p=0.13). The PIM 2 mortality prediction model
proved to be a better option compared to PIM 1 for
predicting mortality in pediatric patients undergoing
heart surgery as the Hosmer-Lemeshow goodness-of-
fit test had a p value of >0.05 (p=0.13). However, both
scores underestimated the mortality risk in this study
(Table 5).

The discriminatory performance of the scores
assessed with the ROC curves showed that the PIM 2
had a fair discrimination power (ROC score 0.82),
while the PIM1 ROC (0.87) was better. However,
there was poor calibration (p=0.0002). The m-SOFA
scores have good discrimination power (Table 6).
However, the m-SOFA admission and m-SOFA on
day two had the greatest power of all (Table 6). The
m-SOFA score is shown in Table 1.

DISCUSSION

In this study, we found that the peak m-SOFA and
m-SOFA admission scores performed better than
the PIM 1 and PIM 2 scores for predicting mortality
after pediatric cardiac surgery. Additionally, peak
m-SOFA and m-SOFA admission scores of 6.5 have
a reliable sensitivity and specificity for predicting
mortality.

A preliminary study evaluating the mortality
predicting power of PIM over PRISM in pediatric
cardiac surgery demonstrated that PIM is better
than PRISM when applied to infants and children.!
Furthermore, the authors declared that collecting data
for the PIM is much easier than for the PRISM.
However, in a recent study, the performance of the PIM
2 was found to be poor regarding the calibration and
predictive ability in pediatric cardiac surgery.”! The
difference between these studies regarding the PIM
scores might be attributable to differences among the
centers and poor inter-rater reliability.® The Czaja et
al.” study, comprised of 8,391 pediatric patients who
underwent cardiac surgery, also had an AUROC of
0.80. The performance of the PIM 2 score in our study
had a similar AUROC of 0.82.

Table 4. Observed and expected mortality as standard mortality rate (n=373)

n % SMR (95% CT)
Observed mortality 50 134
Pediatric index of mortality 1 42 11.3 1.19 (0.88-1.5)
Expected mortality
Pediatric index of mortality 2 35.8 9.6 1.39 (1.01-1.77)

Expected mortality

CI: Confidence interval.
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Table 5. Observed and expected mortality for pediatric index of mortality 1 and pediatric index of
mortality 2 scores in pediatric patients undergoing heart surgery

Pm<l1 1<Pm=5 5<Pm=15 15<Pm=30 Pm>30 Total
very low low moderate high very high n %0
PIM 1
Number 26 305 26 10 6 373 -
Mean risk 0.76 2.1 8.5 19 44 - -
Observed death 0 7.8 61.5 50 83 - 134
Expected death 0.78 22 9 19 46 - 113
PIM 2
Number 16 321 24 8 4 373 -
Mean risk 0.7 2.1 77 18.8 42.5 - -
Observed death 0 8.72 50 75 100 - 134
Expected death 1 2.3 7.5 12.7 354 - 96

Pm: Probability of mortality as %; PIM: Pediatric index of mortality.

In a study performed on 75 pediatric patients who
underwent cardiac surgery, Barlas et al.’! determined
that the PRISM score had a poor mortality prediction
power when compared with the modified Acute
Physiology and Chronic Health Evaluation (APACHE)
III score.

The SOFA is an organ failure assessment score.
However, itis also valuable for predicting ICU mortality
for both adult and pediatric ICU patients.'"™'"! This
score can also be used as an independent predictor of
mortality in adult patients undergoing heart surgery, as
shown in the study by Pitila et al.'? In that same study,
the peak SOFA scores were measured during the first
three days. A SOFA score of over 20 points in pediatric
patients undergoing heart surgery was found to be
reliable for predicting death within the first 36 hours.”
The Shime et al.®! study, with a smaller number of
participants (n=142) than our study, had a very high
neonatal mortality rate (7 out of 8). Furthermore, the
authors did not report the AUROC or the sensitivity
and specificity of the SOFA scores. They didn’t
perform a neurological evaluation based on the SOFA
score, which we chose not to include, either. In our
study, the AUROC plot values for admission regarding

the m-SOFA scores and m-SOFA scores at 48 hours
were higher than all of the other m-SOFA scores.
The m-SOFA admission and peak m-SOFA scores of
6.5 showed good discrimination power. In a systematic
review of SOFA-based models for predicting mortality
in the ICU, Minne et al.'¥ concluded that SOFA
admission scores were competitive with severity of
illness scores limited to the first 24 hours of admission.
They advocated for the use of a combination of
sequential SOFA scores in conjunction with traditional
models (e.g. APACHE). We agree that studies which
combine SOFA with other severity scores, such as
PIM, could also be valuable for predicting mortality
after pediatric cardiac surgery.

We acknowledge that our study had several
limitations. A retrospective analysis cannot provide
as strong evidence in favor of the predictive power
of a mortality scoring system as a prospective study
would. Moreover, although statistically significant
results have emerged in our limited patient set,
multi-center studies with larger patient numbers are
necessary for enhancing statistical strength in testing
the universality and reliability of m-SOFA score as a
mortality predictor.

Table 6. Discriminatory performance of the scores assessed by receiver operating curve curves

AUROC SE Significance 95% CI
Lower Upper bound
Pediatric index of mortality 1 0.87 0.03 0.000 0.81 0.93
Pediatric index of mortality 2 0.82 0.03 0.000 0.74 0.89
Sequential organ failure assessment admission 0.93 0.01 0.000 0.90 0.96
Sequential organ failure assessment day 1 0.84 0.02 0.000 0.79 0.89
Sequential organ failure assessment day 2 091 0.02 0.000 0.86 0.95
Sequential organ failure assessment peak 0.92 0.015 0.000 0.89 0.95

AUROC: Area under the receiver operating curve; SE: Standard error; CI: Confidence interval.
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Conclusion

The m-SOFA peak and admission scores performed
better for pediatric patients who underwent heart
surgery and for the prediction of mortality than the
PIM 1 and 2 scores in our retrospective study. Larger
prospective studies are needed to investigate the value
of these scores as a better means of predicting surgical
outcomes in pediatric heart patients.
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