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Abstract

Objectives To evaluate echocardiographic parameters, especially the Tei index as a predictor of outcome in critically ill
children on continuous renal replacement therapy (CRRT).

Methods This cohort study included all critically ill patients admitted at the Pediatric intensive care unit (PICU) and
underwent CRRT. Functional echocardiography and Pediatric Risk of Mortality Index (PRISM) III were used to evaluate
the participants. Both the Tei index and the Vasoactive inotropic score (VIS) were estimated.

Results The study included 35 patients with an age range of 6 mo to 14 y. The Tei indexes, VIS, and PRISM III were reported
as predictors of mortality with a sensitivity of 88%, 83%, and 94% and a specificity of 73%, 79%, and 89% respectively. In
survivors, the mean Tei index score, median VIS, and mean PRISM values were 0.44 +0.1, 3.8 (0-40), and 12.06 +3.35,
respectively. However, in non-survivors, the mean Tei index, median VIS, and mean PRISM score were 0.59 +0.16, 0.60
(0-342.5), and 22.94 + 8.93, respectively.

Conclusions The Tei index could be used as a predictor for poor outcomes in children receiving CRRT. It is correlated to

the PRISM score and VIS.
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Introduction

Acute kidney injury (AKI) affects about 30% of critically
ill children in pediatric intensive care units (PICUs). Even
though continuous renal replacement therapy (CRRT) is
used to support kidney function in critically ill adults with
severe AKI and/or multiple organ dysfunction syndrome, its
use in the PICU is uncommon [1].

Children requiring CRRT have a higher mortality, which
appears to be related to the underlying illness and fluid over-
load [2]. There is a knowledge gap regarding predictors of
mortality in children receiving CRRT.

Scoring systems for mortality in PICU patients would
predict prognosis. The Pediatric Risk of Mortality Index
(PRISM), the Pediatric Index of Mortality (PIM), and
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Pediatric Logistic Organ Dysfunction (PELOD) are the most
commonly used scoring systems [3].

Cardiac dysfunction is a risk factor that contributes to the
development or worsening of AKI and it has been connected
to a higher risk of mortality [4].

The Tei index or the Myocardial performance index
(MPI) predicts global myocardial performance and allows
for systolic and diastolic evaluation. Echocardiographic tis-
sue Doppler is used to measure this index. Compared to
other classical echocardiographic parameters, it is unaffected
by volume status, systemic hypertension, and heart rate [5].

In this study, authors aimed to evaluate the Tei index in
predicting the prognosis in children receiving CRRT.

Material and Methods

This study was a prospective study, conducted in PICU at the
University Hospital. The research was approved by authors’
institute’s ethical committee and was conducted in accord-
ance with the Helsinki Declaration.
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The study’s primary outcome was the effectiveness of Tei
index as a predictor of mortality in children receiving CRRT.

Thirty-five critically ill children admitted to PICUs were
enrolled. This number represented all patients undergoing
CRRT in the PICUs between January 2020 and September
2021. All patients included had hemodynamic instability
(hypotension and/or poor peripheral perfusion) that interfered
with intermittent hemodialysis (IHD). Also, children who
developed early cardiovascular collapse following initiation
of IHD were considered intolerant and indicated for CRRT.

All these patients had renal impairment, with 18
(51.4%) having chronic kidney disease (CKD) and 17
(48.6%) having AKI.

The authors focused on patients’ age, weight, chronic dis-
ease history, cause of ICU admission, need for mechanical
ventilation, onset, duration, indications for CRRT, anticoagu-
lation during CRRT, and laboratory findings, including kid-
ney function tests, electrolytes, blood gases, and sepsis profile.

Using GE Vivid E95, a single, well-trained cardiologist,
assessed the heart via two-dimensional and tissue Doppler
echocardiography. Left ventricular posterior wall thick-
ness (LVPWT), interventricular septum thickness (IVST),
fractional shortening (FS), and ejection fraction (EF) were
measured using M-mode in the parasternal long-axis view.

Doppler blood flow velocities (peak E and A wave veloc-
ity) were obtained for the mitral and tricuspid valves using
the apical view to detect diastolic function [6].

Tei index was calculated by the sum of isovolumic relaxa-
tion time and isovolumic contraction time divided by ven-
tricular ejection time. To measure the LV Tei index, a con-
tinuous wave cursor line was positioned midway between
the LV outflow tract and the anterior mitral leaflet, while
for the RV Tei index, it was positioned at the lateral portion
of the tricuspid annulus.

In young children, breath-holding cannot be utilized to
counteract the effect of respiration on blood velocity, so
three cardiac cycles were monitored, and the maximum
velocity was selected. An average of the three Doppler meas-
urements were taken to reduce observer variation.

Z score was used to normalize echocardiographic find-
ings because of variations in age and body mass index and
it was considered abnormal when the value was more than
2 Z score [7].

The PRISM III score, which is an index of overall sick-
ness of critically ill children, was calculated at ICU admis-
sion and before starting CRRT. The PRISM III score (zero-
74) is composed of 17 physiologic variables which are
divided into 26 ranges. Physiologic variables were obtained
in the first 12 h of ICU care, while laboratory variables
were obtained in the period from 2 h before ICU admission
through the first 12 h. A higher score equated to a worser
prognosis [8] .
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The maximum doses of the inotropes received were revised
and the vasoactive inotropic score (VIS) was calculated [9].

Recovery of renal function, cure of underlying condition,
or improved hemodynamics (normalization of heart rate,
capillary refill, volume of peripheral pulsation, and blood
pressure) permitting transfer to IHD were all criteria for suc-
cessful CRRT cessation.

The Statistical Package for the Social Sciences (SPSS)
version 26 was used to interpret data. For numerical data,
the mean + standard deviation (SD) or median (interquartile
range) were used. For categorical data, the number (percent)
was used. To compare quantitative variables, Mann-Whitney
tests for non-parametric values and the t-test for parametric
values were used. While, Chi square (x2) test was used to
compare the categorical data. Using the Spearman correla-
tion coefficient, correlations between non-parametric quan-
titative variables were determined [10]. P-values below 0.05
were considered statistically significant.

The minimum convenient sample size was 25 patients as
this number of patients would achieve a power of 80% con-
sidering the survival rate of 18 cases (72%), a difference of
25% in primary outcomes (Tei index, FS and PRISM score)
between survivors and non-survivors, these calculations
were performed using ClinCal online calculator.

Results

The median age and weight of the patients studied, as well
as the indications for CRRT are listed in Table 1. The mean
PRISM III score prior to the start of the CRRT session was
17.34 +8.58, with a range of 5-38.

The median time of CRRT initiation was 24 h (IQR =
12-72) while the duration of CRRT session ranged from
20 h to 72 h with mean 50 + 19 SD.

The majority of cases were put on continuous veno-
venous hemodiafiltration (CVVHDF) representing 85% of
the total cases. While, continuous veno-venous hemofiltra-
tion (CVVH) represented 8.6%, continuous veno-venous
hemodialysis (CVVHD) 2.9% and (slow continuous ultra-
filtration) (SCUF) represented 2.9%. Heparin was used in
almost all patients (97.1%) while saline flush was used in
only one patient (2.9%).

The PRISM III score showed an inverse relationship with
the outcome; the mean PRISM III scores for survivors and
non-survivors were 12.06 +3.35 and 22.94 + 8.93 with a
highly significant P value <0.001.

According to authors’ institutional protocol, inotropic
medication was initiated if the patient had hypotension, poor
peripheral perfusion, or heart failure. The first-line inotropic
medication in the current study were noradrenaline (57.1%,
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Table 1 The clinical
characteristics of the cohort

studied at the initiation of
CRRT (n=35)

Clinical characteristics Median (IQR) Range
Age (months) 72 (36-132) 6-168
Weight (kg) 20 (13-29) 6-50
Main indications of starting CRRT, n (%)

Metabolic acidosis 23 (65.7)

Volume overload 19 (54.3)

Refractory hyperkalemia 11 (31.4)

Uremic symptoms 3(8.5)

Before CRRT After CRRT P value

Scores

Glasgow coma scale, mean +SD 9.34+3.5 9.37+4.6 0.95

Normal pupillary response® 26 (74.3) 23 (65.7) 0.01

VIS, median (IQR) 20 (0-342.5) 15 (0-342.5) 0.22
Mechanical ventilation® 28 (80) 23 (65.7) 0.125
CRP, median (IQR) 48 (12-96) 48 (24-96) 0.17

CRP C-reactive protein, CRRT Continuous renal replacement therapy, /QR Inter quartile range, SD Stand-
ard deviation, VIS Vasoactive inotropic score

“Number (%)

n=20) and adrenaline (54.3%, n=19). Other inotropic drugs
were dobutamine (31.4%, n=11), milrinone (14.3%, n=5),
dopamine (5.7%, n=2), and vasopressin (2.9%, n=1). Prior
to CRRT, the median VIS was 20 (0-342.5), which did not
significantly improve after CRRT discontinuation, reaching
15 (0-342.5). The median VIS was significantly (p <0.001)
lower among survivors [3.8 (0—40)] compared with non-
survivors [60 (0-342.5)].

In the patients studied, the mean FS was 28.37 + 9.6, and
18 patients (51.84%) had impaired LV systolic function
(FS <28%). Twelve subjects were found to have global ven-
tricular dysfunction; five had a high Tei RV index Z score
and seven had a high Tei LV index Z score (Table 2).

In this study, the mean Tei index (RV and LV) in cases
with AKI was 0.52+0.2 and 0.53 +0.2 respectively, while
in cases with CKD, it was 0.45+0.1 and 0.49+0.1 respec-
tively, and there was no statistically significant difference
between them (p=0.17 and 0.46, respectively).

In this study, 71.4% (n=25) of patients had their CRRT ses-
sions successfully terminated compared to 29.6% (n=10) who
had their sessions terminated due to hypotension (n=5, 14.3%),
patient death (n=3, 8.6%), or technical issues (n=2, 5.7%).

The main components of the PRISM III score that dif-
fered significantly between survivors and non-survivors
were blood pressure, consciousness level, kidney functions,
and pupillary reaction (Table 3).

The LV and RV Tei index values, as well as their Z scores,
were significantly inversely related to mortality (Fig. 1).

The authors correlated the Tei index of both RV and
LV with other predictors of mortality and found that it
was significantly correlated with PRISM III score and VIS
(Table 4).

In the present study, 53% (n=9) of non-survivors had per-
icardial effusion compared to only 17% (n=3) of survivors

(p=0.05). Pericardial effusion ranged in severity from 5 mild
cases, 1 moderate case, and 3 severe cases among the non-
surviving patients.

Estimated pulmonary artery pressure (ESPAP) ranged from
20 to 60 with mean 29.89 +/-7.88 SD, with no significant differ-
ence between survivors (mean=29.44 mmHg+9 SD) and non
survivors (mean=30.35 mmHg+6.73 SD) with P value=0.74.

Table 2 Echocardiographic findings of the patients studied before the
initiation of the CRRT session

Range Mean +SD
IVST 0.23-0.9 0.58+0.14
Z score® -6.10-6.34 0.35 (-2-1.9)
LVPWT 0.36-0.8 0.54+0.11
Z score® -2.96-5 0.06 (-1.80-1.13)
Fraction shortening (FS) 15-57 28.37+9.6
Z score® -6.34-5.68 -3.16 (-4.54— -0.66)
Ejection fraction 30-86 55.03+11.65
Z score® -5.51-7.5 -0.89 (2.81-0.85)
ME/A 0.89-2.4 1.45+04
Z score® -2.15-0.38 -0.98 (1.55--0.44)
RV E/A 0.67-2.1 1.45+0.34
Z score® -2.06-0.8 -0.49 (-0.84--0.16)
End-systolic pulmonary artery 20-60 29.89+7.9

pressure

RV Tei index 0.31-0.96 0.48+0.15
Z score® -0.944.5 0.28 (-0.15-1.32)
LV Tei index 0.29-0.92 0.51+0.15
Z score® -0.78-4.8 0.64 (0.12-1.50)

IVST Interventricular septal thickness at end diastole, LV Left ventri-
cle, LVPWT Left ventricular posterior wall thickness, M Mitral valve,
RV Right ventricle

“Median and IQR; E/A The ratio of peak velocity blood flow in early
diastole (the E wave) to peak velocity flow in late diastole caused by
atrial contraction (the A wave)
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Table 3 Comparison between

- - Components of PRISM III scores Survivors Non-survivors t? P value
survivors and non-survivors (n=18) (n=17)
regarding the PRISM 111 ' (Mean + SD) (Mean + SD)
scores and echocardiographic
findings before initiation of Blood pressure (mmHg)
the CRRT session Systolic 107.61 £42.1 74.53£26.02 2.812 0.01
Diastolic 62.83 +25.04 43.94+174 2.605 0.01
Glasgow coma scale 11.22+2.6 7.35+3.3 3.866 <0.001
PRISM III scores 12.06+3.4 22.94+89 4.723 <0.001
N (%) N (%) X
Fluid overload 8 (42.1) 11 (57.9) 1.45 0.23
VIS, median (IQR) 3.8 (0-40) 60 (0-342.5) 6.81 0.001
Abnormal pupillary reaction 1(11.1) 8 (88.9) 7.88 0.01
Echocardiographic findings, median (IQR)
IVST Z score 0.84 (-1.56-1.30) 0.14 (-2.31-2.3) 0.23¢ 0.82
LVPWT Z score 0.12 (-1.60-1.79) -0.30 (-2.29-0.6) 1.17¢ 0.24
FS Z score -1.45 (-4.50-0.04) -3.95(-4.6--2.2) 1.73¢ 0.08
EF Z score -0.07 (-2.2-0.85) -2.20 (-3.52-0.36) 1.19¢ 0.24
M E/A Z score -1.07 (-1.7--0.4) -0.80 (-1.35--0.5) 0.46° 0.64
T E/A Z score -0.48 (-1.26--0.2) -0.49 (-0.8--0.17) 0.58° 0.56
ESPAP, mean +SD 29.44+9 30.35+6.7 0.34 0.74
RV Tei index, mean+SD 0.42+0.1 0.54+0.17 2.50 0.02
Z score, median (IQR) 0.07 (-0.34-0.54) 0.61 (0.13-1.42) 241° 0.02
LV Tei index, mean+ SD 0.44+0.1 0.59+0.16 3.43 0.002
Z score, median (IQR) 0.21 (-0.16-0.87) 1.36 (0.57-2.1) 2.97° 0.003

CRRT Continuous renal replacement therapy, E/A The ratio of peak velocity blood flow in early diastole (the
E wave) to peak velocity flow in late diastole caused by atrial contraction (the A wave), EF Ejection fraction,
ESPAP End-systolic pulmonary artery pressure, IS Fraction shortening, /VST Interventricular septal thick-
ness, LV Left ventricle, LVPWT Left ventricle posterior wall thickness, M Mitral valve, PRISM score Pediat-
ric risk of mortality score, RV Right ventricle, T Tricuspid valve, VIS Vasoactive inotropic score

4Student t-test

PChi-square test (FE Fisher Exact test)
“Mann-Whitney U test (Median and IQR)

C-reactive protein (CRP) level ranged from 6 to 196 with
median 48 and IQR 24-96; it was significantly higher in
non-survivors than in the survivors as the median CRP was
24 (12-48) mg/L in survivors and 56 (24-132) mg/L in non-
survivors (P=0.03) with no significant difference between
CRP levels before and after CRRT (p value =0.17) as shown
in Table 1.

A patient who was mechanically ventilated had a poor prog-
nosis; out of 18 survivors only 7 were mechanically ventilated
whereas all 17 non-survivors were ventilated (P=0.01).

Timing of CRRT initiation was inversely related to the
patient’s outcome where the median time in the survi-
vors was 12 (12-24) h and 24 (12-72) h in non-survivors
(»=0.05). The authors found that the time of onset of CRRT
cannot predict mortality; AUC =0.68 with 0.09 standard
error, P=0.07 CI (0.5-0.86).

Mortality predictive value was reported, and it was shown
to be excellent for VIS, high for both PRISM III and the Tei
LV index, and good for the Tei RV index (Fig. 1).
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Discussion

CRRT restores water and electrolytes and promotes renal func-
tion recovery. CRRT efficiently removes proinflammatory and
anti-inflammatory cytokines, regulating the immune system [11].
However, CRRT has several drawbacks, including a long imple-
mentation time, the use of anticoagulation, the need for multiple
venous accesses, the use of high volumes of replacement fluid,
the immobility of patients receiving CRRT, and the type of patient
with multiorgan system failure that increases mortality [12].

A bedside point-of-care echocardiography can provide
real-time hemodynamic information by assessing cardiac
function, loading conditions (preload and afterload) and car-
diac output [13]. On the other hand, conventional echocar-
diographic parameters like left ventricular ejection fraction
(LVEF) and left ventricular fractional shortening (LVES)
could miss early changes in cardiac function as they are
affected by loading conditions and inotropic use [14]. The
Tei index can detect early ventricular systolic and diastolic
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Fig. 1 Receiver operating characteristic (ROC) curve for the mortal-
ity predictors among the studied cohort. PRISM score Pediatric risk
of mortality score, Tei LV Tei score of left ventricle, Tei RV Tei score
of right ventricle, VIS Vasoactive inotropic score

dysfunction and it is not affected by ventricular geometry,
heart rate, or blood pressure [5].

The authors found that a higher Tei index is linked to the
death of children receiving CRRT. This is the same as what
Asami and his colleagues found in their study. They found

that high Tei index was associated with increased risk of all-
cause mortality after aortic valve replacement [15].

Increased Tei index was found to be independent of frac-
tion shortening and ejection fraction, which is consistent
with other previous studies [16, 17].

In the present study authors found that EF and EF Z
scores were not significantly different between survivors
and non-survivors which is similar finding in study done
by Abdel-Hady and his colleagues that found no significant
difference regarding LVFS between septic neonates and their
controls [18].

The authors noticed that patients with no pericardial effu-
sion had statistically considerably better outcomes, which is
consistent with previous research that indicated pericardial
effusion is significantly linked to mortality [19].

The authors measured the mean pulmonary artery pres-
sure and it was 29.89 7.9 mmHg which is considered pul-
monary hypertension according to pediatric references [20].
Approximately half of present patients had CKD that is a
higher risk of pulmonary artery disease [21].

In this study, there was a considerable difference in the need
for inotropic therapy between patients with good and unfavora-
ble prognoses in concordance to prior investigations [12, 22].

The authors found that survivors started CRRT earlier than
non-survivors, which is consistent with findings of Cortina
and colleagues who concluded that mortality rate increased
by 1% for every hour of delay after ICU admission [2].

Early initiation of CRRT is expected to improve fluid
balance, electrolyte disruption, acid-base homeostasis, ure-
mia, and toxin clearance more effectively than late therapy
[23]. On the other hand, it raises the risk of vascular access

Table 4 Univariate correlations

Dt . Univariable P value Multivariable 95% CI P value
and multivariate analysis of the correlation® Odds ratio?
Tei index with other predictors Lower Upper
of mortality
RV Tei index
Age (years) -0.007 0.48 0.002 -0.007 0.011 0.658
DBP (mmHg) -0.183 0.150 -0.001 -0.048 0.032 0.689
SBP (mmHg) -0.099 0.29 0.001 -0.06 0.071 0.862
PRISM III score 0.387 0.01 0.051 0.008 0.094 0.022
VIS 0.361 0.02 0.007 0.002 0.015 0.013
LV Tei index
Age (years) -0.143 0.21 0.002 -0.007 0.011 0.596
DBP (mmHg) -0.229 0.093 -0.022 -0.062 0.014 0.254
SBP (mmHg) -0.204 0.12 0.001 -0.007 0.008 0.341
PRISM III score 0.393 0.01 0.057 0.015 0.099 0.010
VIS 0.526 0.001 0.007 0.001 0.013 0.020

CI Confidence interval, DBP Diastolic blood pressure, LV Left ventricle, PRISM score Pediatric risk of
mortality score, RV Right ventricle, SBP Systolic blood pressure, VIS Vasoactive inotropic score

4Spearman correlation was used

bt-test was used

@ Springer



Indian Journal of Pediatrics

complications, bleeding associated with anticoagulant use,
abrupt changes in electrolyte levels and unnecessary medica-
tion clearance [24]. All these consequences make the deci-
sion for early initiation of CRRT challenging.

PRISM III score, which may not adequately account for
AKI, is still the most widely used mortality risk prediction
score [25]. Patients with higher scores were more prone to
death in this study (P=0.001), which is consistent with the
findings of Jhang et al. [26].

Most of the present patients had elevated CRP levels
before CRRT, although there was no significant difference in
CRP levels before and after CRRT (p=0.17), despite the fact
that CRP has a low molecular weight (22-25 kDa), which
is below the cut-off permeability limits of CRRT dialysis
membranes [27]. CRP levels decreased non-significantly
following CRRT due to delayed CRP testing.

CRP was considerably lower in survivors than in non-
survivors (p=0.03). This is consistent with other studies that
linked high CRP levels to an increased risk of death [28, 29].

The present patients who required mechanical ventila-
tion had a higher mortality rate than those who did not, as
reported in prior studies [25]. This can be explained by most
patients requiring mechanical ventilation had multi-organ
failure, which elevated their risk of death.

In conclusion, higher Tei index, higher PRISM III score,
higher CRP, an increased VIS in patients receiving CRRT, as
well as respiratory failure at the time of CRRT commence-
ment, were all related to higher mortality. The Tei index may
be a predictor of poor outcome in children receiving CRRT.

This study has been limited by the type of patients as
about half of them had CKD, which may be associated with
cardiac dysfunction and may be an independent risk factor
for a poor outcome.
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