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ORIGINAL ARTICLE

The impact of integrated evaluation of hemodynamics using
targeted neonatal echocardiography with indices of tissue

oxygenation: a new approach

YN Elsayed, R Amer and MM Seshia

OBJECTIVE: To study the impact of integrated evaluation of hemodynamics (IEH) using targeted neonatal echocardiography,
together with regional tissue oxygenation, fractional oxygen extraction using near-infrared spectroscopy on the management of
infants with compromised hemodynamics.

STUDY DESIGN: Retrospective cohort comparison of two groups of infants with compromised hemodynamics. EPOCH 1: did not
undergo IEH (January 2012 to March 2014); EPOCH 2: underwent IEH (April 2014 to December 2015). The primary outcome was the
time to recovery.

RESULTS: In all, 340 infants were included; 158 underwent IEH with a median (IQR) of 2 (1 to 3) evaluations per infant. Reasons for
assessment included PDA (60%), compromised systemic circulation (14%) and clinically suspected pulmonary hypertension (22%).
The time to recovery was shorter in IEH group in patients with compromised systemic circulation median (IQR), 32 h (24 to 63)
compared with none IEH group 71 h (36 to 96), pulmonary hypertension 63 h (14.2 to 102) in IEH group compared with 68 h (24 to

240) in none |EH group, there were fewer PDA-related complications in preterm infants with PDA in IEH group.
CONCLUSION: [EH was associated with shorter time to clinical recovery in infants with compromised hemodynamics
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INTRODUCTION

Intact or normal hemodynamics implies blood flow that provides
adequate oxygen and nutrient delivery to the tissues.' Blood flow
varies with vascular resistance and cardiac function; both may be
reflected in blood pressure.> Normal cardiovascular dynamics
should be considered within the context of global hemodynamic
function, with the aim of achieving normal oxygen delivery and
end-organ performance The current routine assessment of
hemodynamics in sick preterm and term infants is based on
incomplete information. We have addressed this by adopting an
approach utilizing objective techniques, namely integrating
targeted neonatal echocardiography (TNE) with near-infrared
spectroscopy (NIRS). Implementation of these techniques requires
an individual with the requisite TNE training, preferably in an
accredited program, who also has a good understanding of
perinatal and neonatal cardiovascular, respiratory and other
specific end-organ physiology.

Determining a neonate’s capacity to autoregulate is crucial in
integrated evaluation of hemodynamics (IEH). In this study, we
describe the impact of integrating neonatal hemodynamics using
TNE with indices of tissue oxygenation within a tertiary neonatal
intensive care unit. We have defined ‘intact hemodynamics
physiology’ as the integrated ability of the cardiovascular system,
the oxygen-carrying capacity of the blood and autoregulatory
mechanisms to be adequate for normal end-organ function.* TNE
uses ultrasound to longitudinally assess myocardial performance,
systemic and pulmonary blood flow, as well as identifying
intracardiac and extracardiac shunts.® It provides detailed real-
time information concerning cardiovascular physiology, which

may lead to rapid identification of the pathophysiology of
circulatory failure in critically ill neonates such as those with
sepsis or persistent pulmonary hypertension.® NIRS cannot
diagnose specific pathophysiology, but it can alert the health-
care team to early changes in tissue oxygenation.” Abnormal NIRS
readings may reflect other confounders that affect oxygen
delivery such as hypocapnia, high mean airway pressure, low
hemoglobin or a hemodynamically significant PDA; all of these
confounders must be assessed when considering our integrated
model and before relying on NIRS as a surrogate marker for blood
flow.®

By integrating information from the clinical examination, NIRS,
and TNE a complete picture can be obtained.* Autoregulation
involves local vasodilation through the release of nitric oxide and
other vasodilators. When autoregulation is compromised, there is
an increase in tissue oxygen extraction.” Thus increased fractional
oxygen extraction (FOE) can be regarded as a compensatory step
before the maximum oxygen extraction capacity being reached
resulting in ensuing lactic acidosis.'

The purpose of this study reports is to report preliminary results
of the implementation of IEH in an neonatal intensive care unit
and to examine whether I[EH can improve the outcome of
newborn infants with compromised hemodynamics.

METHODS

Institutional ethics board approval was obtained before commencing this
retrospective study of all infants with compromised hemodynamics
admitted to the two neonatal intensive care units in Winnipeg between
January 2012 and December 2015. Retrospective chart review and

Section of Neonatology, Department of Paediatrics, University of Manitoba, Winnipeg, Manitoba, Canada. Correspondence: Dr YN Elsayed, Section of Neonatology, Department of
Paediatrics, University of Manitoba, MS361L-820 Sherbrook Street, 735 Notre Dame Ave., Winnipeg, Manitoba, Canada R3A1R9.

E-mail: yelsayed@exchange.hsc.mb.ca

Received 9 April 2016; revised 19 December 2016; accepted 22 December 2016; published online 19 January 2017


http://dx.doi.org/10.1038/jp.2016.257
mailto:yelsayed@exchange.hsc.mb.ca
http://www.nature.com/jp

The impact of integrated evaluation of hemodynamics

YN Elsayed et al

528

circulation

\ Total= 68

aterm infant <29 weeks

a with compromised systemic

o

Excluded=10
surgical NEC=4 Excluded=8
9 - EPOCH 1 EPOCH 2 Surgical NEC=3
Post anesthesia=3 <+ — A
VSD=2 Total=39 Total= 29 Post anesthesia=4
R VSD=1
Aortic stenosis=1 ¢ ‘
29 Infant 21 Infant
analyzed analyzed
Term and near term infants
with Pulmonary
Hypertension
Total=125
Infant excluded=7
Diaphragmatic Hernia=5 EPOCH 1 EPOCH 2 Diaphragmatic Hernia=4
Lung Hypoplasia=3 ¢ Total=73 Totalzs2 |7 Lung ﬂyp°plas-a=2
Chvloth 1 Vein of Galen
l l malformation=1
M?covjlum 64 Infant Infection=10 M?cor‘uum 45 Infant Infection=4
Perinatal _ Perinatal _
hypoxia=31 RDS=18 Hypoxia=27 RDS=11
Preterm Infant <29
C | weeks with PDA
Total=171
Excluded=3
Excluded=2: ¢ EPOCH 1 EPOCH 2 > Coarctation of aorta=1
VsD=2 Total=91 Total=80 PS=1
¢ ¢ VSD=1
89 Infant 77 Infant
analyzed analyzed
t:::t"::r"t PDA ligation "'\::f::r'“ PDA ligation
N 3(4%;
65(73%) 1415.7%) 63(82%) (4%)

Figure 1.

Flow chart of included and excluded cases for the three main categories: (a) compromised systemic circulation group, (b) pulmonary

hypertension group and (c) PDA group. Abbreviations: PS, pulmonary stenosis; RDS, respiratory distress syndrome; VSD, ventricular septal

defect.

hemodynamics consultation records were used to identify all infants who
underwent IEH by a trained neonatologist'' from April 2014 to December
2015 (EPOCH 2). Pharmacy’s electronic records of infants who received
cardiovascular medications and section of respiratory therapy’s records of
infants who received respiratory support and/or inhaled nitric oxide (iNO)
were also reviewed. Similar chart and record review was made of all infants
admitted with similar clinical conditions—as per inclusion criteria—
between January 2012 to March 2014 (EPOCH 1) and who had not
received |EH.

The decision to request IEH consultation in sick infants with suspected
compromised hemodynamics was made by the clinical team. Figure 1
shows the flow charts with included and excluded infants for the three
clinical categories from both EPOCHS.

IEH is based on evaluation of components contributing to blood flow
and tissue oxygenation as follows (Figure 2):
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Clinical evaluation

Either Clinical evidence of compromised systemic circulation with at least
one of the followings: low mean blood pressure (MABP) (less than the
lower 95th confidence interval for corrected gestational age),'? oliguria
<1mlkg™"h™" for at least 12 h beyond first 12 h after birth, or lactic
acidosis >2.8 mmol dl™", or clinical evidence of worsening hypoxemia
defined as increased fractional inspired oxygen by 0.1 above baseline for
more than 24 h.

Targeted neonatal echocardiography

This was performed using either vivid.i or vivid-E9 echocardiography
machine (GE, Waukesha, WI, USA). Myocardial performance, systemic and
pulmonary blood flow and intra- and extra-cardiac shunts were assessed. A
review by a pediatric cardiologist for structural abnormalities was
performed for all initial echocardiographic scans.

Tissue oxygenation

Arterial oxygen saturation was measured by a pulse oximeter; regional
tissue oxygenation (RTO) by NIRS, and FOE is the calculated ratio between
oxygen delivery and extraction.'®> RTO and FOE were never used in
isolation from the integrated approach for decision making. RTO was
performed to monitor either cerebral oxygenation alone or both cerebral
(crSO2) and mesenteric (mrS02), using NIRS® (FORE-SIGHT Absolute Tissue
Monitor, Casmed, Branford, CT or NONIN medical’s senSmart oximetry
Modelx-100) 8101416

Cerebral or mesenteric autoregulation

We considered cerebral or mesenteric autoregulation to be compromised
if RTO < 55% and FOE>0.33 for at least 10 min, together with either low
mean blood pressure or TNE evidence of compromised systemic
circulation (low cardiac output < 150 ml kg~ ' min due to poor heart
filling or poor myocardial performance, or abnormal diastolic flow pattern
in one or both the mesenteric or middle cerebral arteries), RTO should be
considered low after correction of hypocarbia (PCO, <40 mm Hg) and
low hemoglobin < 100g1~" as per our unit guidelines. Figure 3 shows
stages of compromised systemic circulation including compensatory role
of autoregulation.

IEH report and recommendation

Following completion of the comprehensive IEH, findings were summar-
ized in two different reports, one for TNE findings with no recommenda-
tions included and another detailed IEH report with all calculations, current
support and preliminary suggested plan by the clinical team, pathophy-
siologic impression of the IEH physician clearly formulated recommenda-
tions and plan for follow-up. These plans could include initiation, weaning
or discontinuation of medications, adjustment of ventilator settings, or
decision for ECMO support. Subsequent, follow-up was also documented,
together with the level of response.

Data collection

Patient demographics and baseline characteristics collected were birth
weight, gestational age, postnatal age, perinatal history and gender;
clinical data, detailed clinical respiratory and cardiovascular parameters,
mode of respiratory support and cardiovascular medications, recorded
either until recovery or death. Evaluation of NIRS monitoring was
considered only in those infants with suspected compromised systemic
blood flow or worsening of hypoxemia and was recorded at the same time
as the TNE. NIRS monitoring was continued up to 10 days as per the
recommendations of the IEH consultant and according to the clinical
circumstances.

The primary outcome was the time from the start of clinical
deterioration to clinical recovery as defined by normalization of blood
pressure, recovery from oliguria and lactic acidosis, and commencement of
successful weaning of inotropes, vasopressor, pulmonary vasodilators or
oxygen. The outcome in preterm infants with PDA was the rate of PDA
ligations and post PDA ligation syndrome (EPOCH 2) compared with
infants admitted with similar conditions and managed without being
assessed by |EH (EPOCH 1).

We graded the impact of the formulated medical recommendation as
follows:
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Grade 1: Clinical recovery within 72 h after |EH assessment and
recommendations.

Grade 2: Avoidance or discontinuation of intervention plan proposed by
the clinical team prior to IEH or discontinued as recommended by IEH
team and associated with short-term clinical improvement within 72 h

Grade 3: Improvement after 72 h from the acute clinical condition
as above

Grade 4: No change of clinical team’s plan, with short-term improvement
within 72 h

Grade 5: Worsening of the clinical
recommendation

Grades 1, 2 and 4 were considered positive; grade 3 was considered
undetermined or potentially positive, and grade 5 was considered to be
negative. This grading was based on information obtained from the IEH
consult form and daily follow-up by the IEH physician and neonatal team
on service and documented in the chart.

We compared the clinical characteristics of all included infants in both
EPOCHS at 6 h after clinical deterioration. This was before IEH consultation
in all infants with compromised systemic circulation or pulmonary
hypertension. We compared clinical parameters at 48 h after clinical
deterioration in both EPOCHS to determine improvement or otherwise
after the first stage of hypoxia or energy failure. This was after IEH
consultation in all infants in EPOCH 2. Seventy-two hours was
considered the cutoff for global clinical recovery. This time was chosen
to exclude deterioration due to reperfusion injury after initial
improvement.'”

condition after IEH new

Statistical analysis

SPSS v. 24 (SPSS, Chicago, IL, USA) was used to perform the statistical
analysis. Data are presented as median with interquartile range or
frequencies. Comparisons between groups were analyzed by Mann-
Whitney U-test; frequencies were analyzed using x% P<0.05 was
considered significant. Multivariate and adjusted multivariable analysis
between groups was also performed using the general linear model to test
effects between subjects. The primary outcome for infants with
compromised systemic circulation was evaluated using Cox proportional
hazards regression model.

RESULTS

Retrospective chart review identified 182 infants in EPOCH 1 and
158 infants in EPOCH 2, the latter resulting in 367 IEH assessments.
Gestation age was 29 (26.2, 35.5) and 28.5 (26.3, 34.2) weeks, and
birth weight 1185 (703, 2213) and 1274 (795, 2157)g, for EPOCH 1
and EPOCH 2, respectively. Initial IEH assessment was performed
at the postnatal age of 13 (8, 49) days. Each infant underwent 2
(IQR 1-3) evaluations.

Indications for IEH consultation included PDA before and after
either medical (indomethacin or ibuprofen) or surgical PDA
treatment: 77 patients (216 studies, 60%). Clinically suspected
compromised systemic blood flow in term and preterm infants: 27
patients (51 studies, 14%). Infants with clinically suspected
pulmonary hypertension or worsening of hypoxemia: 45 patients
(84 studies, 22%). Other miscellaneous indications included the
checking of a central line for abnormal placement with suspected
migration and pericardial effusion: nine patients (16 studies, 4%).
The pathophysiologic correlates with the clinical indications and
associated TNE and NIRS findings are listed in Table 1. Some cases
showed both compromised systemic circulation with either
pulmonary overcirculation or pulmonary hypertension present,
explaining the overlap. Table 2 shows baseline and clinical
characteristics for the two EPOCHs comparing the three clinical
conditions.

Infants with compromised systemic circulation

There was no significant difference between the two EPOCHS in
infants with compromised systemic circulation regarding initial
baseline characteristics. At 48 h MABP was significantly higher,
and lactic acid was significantly lower in patients of EPOCH 2. Time
to clinical recovery was significantly less in patients of EPOCH 2.
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Pathophysiology of compromised systemic circulation

One or more of these mechanisms:
1- Poor myocardial performance
2- Low peripheral vascular resistance

3- Low preload

4- High afterload

5- Stealing of systemic blood through left to right shunt
(PDA or AVM)

4
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Figure 3.
electroencephalography; PDA, patent ductus arteriosus.

Mortality rates due to shock were not significantly different
between the EPOCHS. There was a highly significant difference
between the two EPOCHS when considered jointly (multivariate
analysis) with Wilk’s Lambda= 0.5, P=0.0001 partial n*> =0.48. A
separate ANOVA was conducted for each dependent variable,
with each ANOVA evaluated at an a-level of 0.025, there was a
significant difference at 48 h between the two EPOCHS in lactic
acid (P=0.008, partial n*>=0.13), MABP (P=0.001, partial n*>=0.25)
and time to clinical recovery (P=0.012, partial n*=0.126). At 6 h
there was no significant difference between the two EPOCHS in
lactic acid at 6h after clinical deterioration (P=0.3, partial
n*>=0.002), MABP (P=0.84, partial n>=0.001) and mortality rate
due to shock (P=0.13, partial n?=0.046). In a mutivariable
analysis, including adjustment for confirmed infection and
gestational age, the time to clinical recovery remained signifi-
cantly lower in EPOCH 2, mean 30.6h (95% Cl, 13 to 59.8)
compared with EPOCH 1, mean, 96.5 (95% Cl, 73.4 to 114.5)
(P=0.002). In another mutivariable analysis using Cox regretion
model including adjustment for basline blood pressure (mean,
systolic and diastolic), lactic acid, urine output, the use of IEH in
EPOCH 2 was independently associated with reduced time to
clinical recovery (cause-specific HR, 0.3 (95% Cl, 0.14 to 0.6)
P=0.002; gestational age was not independntly associated with
increased time to clinical recovery (cause-specific HR 1.16 (95% Cl,
0.9 to 1.5) P=0.23, and confirmed infection was not indepen-
dently associated with increaed time to clinical recovery (cause-
specific HR, 0.38 (95% Cl, 0.24 to 1.2) P=0.062. For infants with
compromised systemic circulation, time to clinical recovery using
Cox proportional hazards is compared for EPOCHS 1 and 2
(P=0.002) (Figure 4).
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Preterm infants with PDA

The rates of PDA ligation and associated post PDA ligation
syndrome were significantly lower in EPOCH 2. There was a
significant difference between the two EPOCHS when considered
jointly (multivariate analysis) with Wilk’s Lambda= 0.8, P=0.0001
and partial p?=0.17. A separate ANOVA was conducted as
described before for each variable. There was a significant
difference between the two EPOCH on the rate of PDA ligation
(P=0.007, partial n? =0.043), post PDA ligation syndrome (P=0.02,
pgrtial n*=0.032) and rate of follow-up (P=0.0001, partial
n°=0.1).

Term and near-term infants with pulmonary hypertension

Oxygenation index (Ol) at 48 h after clinical deterioration was
significantly lower in term infants from EPOCH 2 with pulmonary
hypertension; time to recovery was significantly less, and fewer
cases were unresponsive to iNO.

There was a significant difference between the two EPOCHS
when considered jointly (multivariate analysis) with Wilk’s
Lambda= 0.84, P=0.006 and partial n>=0.15. A separate ANOVA
was conducted as described before for each variable. There was a
significant difference between the two EPOCHS on Ol 48 h after
clinical deterioration (P=0.001, partial n*=0.8), time to clinical
recovery (P=0.013, partial n*=0.56), but there was no significant
difference on unresponsiveness to iNO (P=0.06, partial n>=0.031)
and Ol 6 h after clinical deterioration.

The graded impact of IEH assessment on clinical management is
shown in Table 3. The improvement was documented within 72 h
in 40% of infants after change of management plan; 19% after
discontinuation of a planned or started an intervention, 20% with
support of current management in (i.e. a total of 79% improved

© 2017 Nature America, Inc., part of Springer Nature.
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Table 1. Clinical presentation, causes, TNE findings, NIRS findings and pathophysiologic mechanisms
Clinical presentations Causes TNE findings NIRS findings Pathophysiologic mechanism  Interventions Studies
N (%)
1 Hypotension, oliguria Shunt through PDA in  Absent or reversed diastolic flow Normal or decreased RTO, Compromised systemic Medical or surgical 75 (17%)
and/or acidosis preterm or in DAO, MCA, CA increased FOE, compromised  blood flow due to left to closure of PDA or
arteriovenous autoregulation in brain and/or right shunt arteriovenous
malformation mesenteric area malformation
2 Same as No 1 Systemic inflammatory  High LVO, hyperdynamic systolic Same as No 1 Low peripheral vascular Vasopressors 28 (6.4%)
response syndrome performance resistance
(e.g. septic shock)
3 Same as No 1 Dehydration, blood loss Low end diastolic volume of LV Same as No 1 Volume depletion Volume expanders or 10 (2.3%)
and LA blood transfusion
4 Same as No 1 HIE, myocarditis, late Low LVO, FS and EF Same as No 1 Poor myocardial Inotropic support 12 (2.7%)
septic shock performance
5 Same as No 1 Preterm during early Low LVO, impaired LV systolic Same as No 1 Compromised systemic Lusitrpic (milrenon) or 6 (1.3%)
postnatal transition, and diastolic performance blood flow with high inotropic support
and post PDA ligation afterload
6 Increased oxygen Acute or chronic Dilated RV with TR, flattening or Normal or high TOIl, normal or High pulmonary vascular Pulmonary vasodilators 64 (14.5%)

requirement, or
worsening of hypoxemia

7 Increased ventilator
support and oxygen
requirement, or
worsening of hypoxemia

8 Normal or improving
previously detected
clinical signs

pulmonary
hypertension

Extracardiac or cardiac
left to right shunt

Improved any of the
above conditions on
follow-up

paradoxical movement of IVS,
decreased pulmonary venous
return detected by Doppler
Left heart volume overload

Normal

low FOE if no compromised
systemic circulation associated

Normal or high TOIl, normal or
low FOE if no associated
compromised systemic
circulation

Normal

resistance with or without
decreased pulmonary blood
flow

Pulmonary overcirculation

Normal or improved at the
time of assessment

Medical or surgical 121 (27.4%)
closure of the significant
shunt

Weaning or 125 (28.3%)
discontinuation of the

intervention

Abbreviations: CA, celiac artery; DAO, descending aorta; EF, ejection fraction; FS, fractional shortening; IVS, interventrular septum; LA, left atrium; LV, left ventricle; LVO, left ventricular output; MCA, middle
cerebral artery; RV, right ventricle; TR, tricuspid regurge.
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Table 2. clinical characteristics of the study groups
EPOCH 1 (before IEH) EPOCH 2 (after IEH) P-value
Compromised systemic circulation in preterm infants
Number of cases 29 21
Birth weight (g) 802 (725-900.5) 790 (646-920) 0.12
Gestation (weeks) 25 (24-27) 24.5 (24-27.7) 0.16
Male sex 17 (58%) 11 (52%) 0.4
Confirmed systemic infection 11 (38%) 5 (25%) 0.2
Mean blood pressure at 6 h (mmHg) 25 (25-28 24 (23-26) 0.25
Mean blood pressure at 48 h (mmHg) 30 (26-32) 34 (23-38) 0.001
Lactic acid at 6 h of intervention (mmol I~ 3 (1.25-4) 2 (1.8-3.75) 0.34
Lactic acid at 48 h of intervention (mmol ~") 2 (1-3.75) 1 (0.7-1.4) < 0.001
Time to full recovery (hours) 71 (36-96) 32 (24-63) 0.013
Deaths due to shock 8 (27.6%) 2 (10%) 0.12
PDA in preterm infants < 29 weeks
Number of cases 89 77
Echo studies 136 216
Male sex 44 (49%) 41 (53%) 0.48
Birth weight (g) 890 (720-1100) 910 (720-1052) 0.36
Gestation (weeks) 26.4 (25-28) 26.2 (25-28.5) 0.42
Medically treated 65 (72%) 63 (85%) 0.04
PDA ligation 14 (15.7) 3(4%) < 0.001
Post PDA ligation syndrome 6 0 0.02
Follow-up by echo after medical treatment course 45 (50.5%) 63 (79%) < 0.001
Chronic lung disease 34 (38%) 26 (34%) 0.33
Retinopathy of prematurity requiring treatment 15 (19%) 11 (15%) 0.28
IVH ( grade Il to IV) 18 (20%) 12 (15.6%) 0.14
Pulmonary hypertension
Number 64 45
Gestation (weeks) 37 (36.2-38) 37.5 (35.4-38.5) 0.41
Birth weight (g) 3170 (2800-4021) 3220 (2750-3970) 0.34
Male sex 38 (59%) 25 (53%) 0.36
Ol before intervention 24 (18-27) 26 (19-29) 0.35
Ol 48 h after intervention 12 (9-15) 10 (7-12) 0.02
Time to clinical recovery (hours) 68 (24-240) 63 (14.2-102) 0.02
Unresponsive or inadequate response to iNO 21 (32.8%) 6 (13%) 0.04
Data are presented as median +IQR; P is bolded where significant.
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Figure 4. Cox proportional hazards of compromised systemic

circulation and compared time to clinical recovery in epochs 1 and 2
(p=0.002.

within 72 h after IEH), undetermined outcome including infants
with documented improvement after 72h in 15% (potential
positive outcome) and negative in 1%. Three patients continued
to deteriorate with irreversible shock despite implementing IEH
recommendation; two were surgical patients with bowel ischemia
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demonstrated either by postmortem pathology or open surgery,
probably due to reperfusion injury. Table 3 also shows the number
of infants with compromised autoregulation in each group. It is
difficult to apply the same graded impact of regular clinical care
on infants from EPOCH 1, but we have documented improvement
shortly after the start of the management plan (within 72 h) in
33.5% of the studied group.

DISCUSSION

There is increasing recognition by neonatologists that the focus of
monitoring systems must change from those of solely blood
pressure and arterial oxygen saturation monitoring to those that
measure organ perfusion and tissue oxygen delivery.'® Current
research confirms that the measurement of blood pressure does
not reflect either tissue perfusion or oxygen delivery,'®'® and
current therapeutic interventions for hypotension are not
associated with improved in-hospital outcomes or neurodevelop-
mental outcomes.®?’ Objective evaluation of hemodynamics
using the newer techniques of TNE and NIRS have proven to be
valuable in evaluation of systemic blood flow, pulmonary blood
flow, myocardial performance and tissue oxygen delivery;
integrating TNE findings, NIRS and clinical parameters can reflect
the integrity of autoregulatory mechanisms.'®'> Recent research
highlighted the beneficial use of coherence analysis of MABP and
NIRS to predict changes in autoregulation in sick neonates.'®?%%
This new approach has the potential to positively impact decision-

© 2017 Nature America, Inc., part of Springer Nature.
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Table 3.

Comparison between patients with graded impact

Compromised systemic

PDA in preterm infants

Pulmonary hypertension in term and Diagnosis Compromised

circulation (EPOCH 2) near-term infants (EPOCH 2) of autoregulation
(EPOCH 2) (number of cases) (number of cases) unexpected
(number of cases) CHD
1. Improved within 72 h (40%) 14 27 20 0 4 1 0 0
(number of cases)
Recommendation and intervention 1. Change from inotrope to 1. Medical treatment in moderate to large shunt 1. Inhaled nitric oxide (INO) is the
vasopressor or vice versa volume standard selective pulmonary
2. Improve filling volume 2. Surgical ligation only if shunt volume is large vasodilator
(preload by fluid or reducing +either renal failure+high sitting respiratory support 2. Milrinone with right ventricle
mean airway pressure due mainly to pulmonary edema dysfunction but normal blood
pressure
3. Vasopressin with pulmonary
hypertension and low systemic
blood pressure
4. Sildenafil is considered in cases
unresponsive to INO
5. Prostaglandin to open PDA if
previous measure failed to
improve RV performance
6. ECMO
2. Avoidance of planned intervention or 4 16 9 3 0 0 0 1
discontinuation of started medications with
subsequent improvement (19%)
Includes avoidance or discontinuation of: 1. Unnecessary inotrope or Unnecessary pulmonary
vasopressor vasodilator
2. Unnecessary volume
expanders
3. Improved after 72 h (15%) 3 16 4 3 500
Recommendation and intervention Same as 1 Same as 1 Same as 1
4. Support of current management (20%) 3 18 12 0 0 0 O
5. Worsening after the new change (1%) 3 — — 2

Determined reason for worsening

Ischemic bowels 2 case, and 1
case of septic shock

Compromised autoregulation =NIRS (low TOI and high FOE) with low BP and/or low cardiac output and/or impaired blood flow by Doppler), four subcolumns under the compromised autoregulation column
refer to number of infants with compromised autoregulation for each of the four disease category.
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making vulnerable
neonates

We have demonstrated a significantly shorter time to clinical
recovery; although mortality rate was lower this was nonsignifi-
cant. We were able to determine that autoregulation was
compromised in many cases either in the brain or mesenteric
region; this was helpful to target treatment, monitor the response,
and limit progression to tissue hypoxia and organ dysfunction. On
the other hand, it avoided treating infants with borderline or
fluctuant blood pressure when brain RTO and FOE were normal,
and this contributed to the outcome of avoidance or discontinua-
tion of unnecessary planned interventions.'” There is support
recently for adopting a comprehensive approach to identifying
and treating compromised end-organ oxygen delivery, that is,
individualizing patient care.?® Recent advances in NIRS combined
with the use of TNE; continuous blood pressure monitoring and
periodic assessments of indirect signs of tissue perfusion can
finally enable us to obtain a more holistic idea of compromised
neonatal hemodynamics.”” Anderliesten et al. concluded that
MABP less than GA was not associated with lower brain TOIl or
with lower neurodevelopmental outcome scores. Importantly,
regardless of MABP, low brain TOl was associated with lower
neurodevelopmental outcome scores.'®

Our study together with other recent publications highlights
the importance of considering parameters reflecting blood flow
and oxygen delivery.”® The same principle was considered in
preterm infants with PDA as we deferred planned PDA ligation
when mesenteric and brain RTO and FOE were normal and in
whom there was no severe respiratory compromise; this may
explain a lower PDA ligation rate and its related complications in
EPOCH 2.2°*° Time to clinical recovery and Ol in infants with
pulmonatry hypertension were significantly lower in infants of
EPOCH 2 with less reported cases unresponsive to iNO in infant of
EPOCH 2, which may explain the usefulness of TNE in early real-
time assessment of right ventricle dysfunction, low preload as
common causes of resistance to iNO,*' and Table 3 shows
selection criteria of different pulmonary vasodilators.

The decisions both to request IEH consultation and to accept
the formulated medical recommendation were at the discretion of
the neonatologist on service. This is the first report to our
knowledge of combining the clinical use of TNE with evaluation of
RTO, FOE and autoregulation by NIRS, with full interpretation and
formulated recommendation by a neonatologist educated and
trained in hemodynamics. The main limitation is its retrospective
methodology; a further technical limitation is the difficulty and
reliability of assessing mesenteric RTO and FOE by NIRS, resulting
in our relying solely on cerebral NIRS values in some cases,
frequent atrefacts and the presence of many confounders that can
affect NIRS values, mainly PCO, levels3%*3

and optimize organ
24,25

performance in

CONCLUSION

Application of our integrated approach has led to improved
understanding of the underlying physiology in infants with
compromised systemic and pulmonary circulation. It has also
resulted in shorter time to clinical recovery. Further studies are
needed to confirm the value of this new approach and to examine
the impact of IEH on long-term outcome.
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