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Abstract

Hemodynamic instability is frequent in high-risk infants admitted to
neonatal intensive care units. However, monitoring and treatment
strategies of those conditions might show variations among the units.
Different factors can compromise hemodynamic status in preterm/
term infants. Treatment options mostly include volume replacement,
inotropes and/or vasopressors (dopamine, dobutamine, epinephrine
and milrinone) and hydrocortisone. In general, these treatments are
driven by predetermined protocols, which are not patient-based. Ac-
cording to the current knowledge, a physiology-driven approach that
takes the individual characteristics of the newborn into consideration
is accepted to be more suitable. In neonatal hemodynamics, impor-
tant determinants are cardiac output, systemic vascular resistance,
blood pressure, regional tissue perfusion and oxygenation. The novel
technological methods, “targeted neonatal echocardiography” and
“near-infrared spectroscopy” can help to delineate the underlying
pathophysiology better, when added to the clinical assessment. In
this review, strategies for the assessment of neonatal hemodynamics,
as well as etiology, monitoring, and treatment of hemodynamic in-
stability in preterm and term infants are presented.
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Introduction

In the neonatal period, hemodynamics is normal func-
tioning of the target organ enabled by the cardiovascular
system (CVS), the capacity of the blood to carry oxygen,
and the autoregulation ability of the tissue in association.
In the neonatal period, hemodynamic disruption may be
caused by various conditions including mainly perinatal

Oz

Yenidogan yogun bakim biriminde yatan riskli yenidoganlarda
hemodinamik bozukluklara sik rastlanir. Bununla birlikte izlem ve
tedavi stratejileri birimden birime degiskenlik gésterebilmektedir.
Prematiire ve term yenidoganlarda hemodinamik bozulma cesitli
nedenlere bagh olabilir. Tedavide siv1 replasmani, inotrop yafya da
vazopressor ilaglar (dopamin, dobutamin, adrenalin ve milrinon) ve
hidrokortizon siklikla yer alir. Bu tedaviler, genellikle 6nceden belir-
lenmis, hasta bazh planlanmamus protokollere gére uygulanmakta-
dir. Giincel bilgilere gére yenidoganin bireysel 6zelliklerini dikkate
alan fizyoloji temelli yaklagimin daha uygun oldugu kabul edilmek-
tedir. Yenidogan déneminde hemodinaminin en énemli belirleyi-
cileri kardiyak debi, sistemik vaskiiler direng, kan basinci, bélgesel
doku perfiizyonu ve oksijenasyonudur. Yeni teknolojik araglardan
“hedefe yonelik ekokardiyografi” ve “yakin kizil6tesi spektroskopisi”
klinikle birlikte kullamldiginda patofizyolojinin daha iyi aydinlan-
masini saglamaktadir. Bu derlemede yenidoganda hemodinaminin
degerlendirme y6ntemleri ile birlikte prematiire ve term yenidogan-
larda goriilen hemodinamik bozulma nedenleri, izlem ve tedavileri
anlatilmaktadir.

Anahtar sézciikler: Hemodinami, izlem, tedavi, yenidogan

asphyxia, patent ductus arteriosus (PDA), sepsis, and necro-
tizing enterocolitis (NEC). Currently, the physiology-based
approach, which considers the individual characteristics
of the newborn, is recommended in the managament of
hemodynamics (1-4). In recent years, specification of car-
diac functions with ‘targeted neonatal echocardiography’
and calculation of oxygen consumption in tissues using
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near-infrared spectroscopy (NIRS) have opened new hori-
zons in the evaluation of hemodynamics (5, 6, 8).

Criteria used in the evaluation of hemodynamics in the
neonatal period

1.1 Clinical evaluation criteria

Findings specific for each system (clinical, laboratory and
radiologic) should be evaluated carefully (2, 8-10). While
evaluating these findings, the effector factors (e.g., tem-
perature of the environment, light, gestational week and
postnatal age of the baby, medications used, accompany-
ing problems) should be considered.

Lung functions: Respiratory pattern, respiratory function
tests, pulse oxymeter arterial oxygen saturation (SpO,),
trancutaneous carbon dioxide (CO,), arterio-alveolar oxy-
gen gradient, and lung radiography and computed to-
mography (CT).

Cardiovascular functions: Cardiac murmur, presence of
tachycardia/bradicardia or arrhythmia, non-invasive and
invasive assessment methods.

Noninvasive methods: Heart rate and heart rate variabil-
ity, ossilometric blood pressure (BP), SpO,, perfusion in-
dex (PI), transcutaneous CO,, echocardipgraphy (ECO),
impedance cardiography, and functional cardiac mag-
netic resonance imaging (MRI).

Invasive methods: Arterial BP measurement, arterial/cap-
illary blood gases measurement, complete blood count,
biochemical markers [serum cardiac troponin, brain
natriuretic peptide (BNP) and N-terminal proBNP (NT-
proBNP) levels] and cardiac catheterization.

Renal functions: Urine output rate (oliguria: <1 mL/kg/
hour), serum electrolytes, blood urea nitrogen (BUN) and
creatinine level, glomeruler filtration rate (GFR), frac-
tional excretion of sodium (FeNa), renal ultrasonography
(USG), and Doppler USG.

Hepatic functions: Liver dimensions, serum bilirubin (di-
rect and indirect) and liver enzyme levels, prothrombin

time, and hepatobiliary USG.

Adrenal functions: Inotrope-resistant hypotension, serum
glucose, cortisol, and electrolyte levels.

Cerebral functions: Lethargy or agitation, amplitude
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electroencephalography (aEEG), electroencephalography
(EEG), and tissue oxygenation with NIRS.

Tissue perfusion: Capillary filling time (prolonged: >3 s),
paleness/coldness, cutis marmorata, metabolic acidosis,
arterial blood gases lactate level (increased: >2.8 mmol/L),
laser Doppler, and microcirculation assessment methods.

1.2 Targeted echocardiography

Targeted echocardiography (TE) is an application that
helps physicians who care for newborns in their decisions
by providing instantaneous and physiology-based infor-
mation, and which is gradually gaining functionality. Use
of TE in association with clinical observation and labora-
tory findings in evaluation of hemodynamics increases
diagnostic accuracy and treatment success. It should be
kept in mind that functional evaluation is made with TE;
anatomic evaluation should be performed by a pediatric
cardiologist (4, 6).

1.2.1 Principles of targeted echocardiography

Evaluation with TE is recommended if the patient has

been evaluated using echocardiography (ECHO) by a pe-

diatic cardiologist and one or more of the following con-

ditions have emerged in the follow-up (6):

a) Persistent pulmonary hypertension (PPH) is present
and no or little response has been obtained to nitric
oxide treatment;

b) Clinical or radiologic suspicion of pericardial effusion;

¢) Hypotension and signs of disruption in the systemic
circulation (tachycardia, oliguria, lactic acidosis);

d) Hypoxic ischemic encephalopathy (HIE) and signs of
disruption in the systemic circulation in the first 72
hours of life;

e) No urine output despite volume loading;

f) Right heart failure or PPH due to bronchopulmonary
dysplasia (BPD);

g) Hemodynamically significant suspicion of PDA;

h) Monitoring following patent ductus arteriosus liga-
tion;

i) Follow-up of a patient with a diagnosis of congenital
diaphragm hernia (CDH);

j) Evaluation of the position of central venous catheter
or umbilical catheter.

1.3 Near-infrared spectroscopy

NIRS is a non-invasive method that measures tissue oxy-
hemoglobin levels. In recent years, NIRS has become a
widespread method in neonatal units. The device oper-
ates according to the principle of transmission and reflec-
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tion of near-infrared light (700-1000 nm wavelength). It
does not require pulsatile blood flow in contrast to pulse
oxymetry. It indicates the oxyhemoglogin concentration
as percentage (0-100%) in tissues 8 cm below the skin
surface (especially in the venous compartment) (venous;
70%, artery; 25%, capillary; 5%) (11, 12). The numeric value
measured gives regional oxygen saturation (rSO,) and is
called the ‘tissue oxygenation index (TOI) (normal values:
55-85%) (11). Figure 1 shows the management algorithm in
a case of hypoxemia (TOI<55%).

1.3.1 Indications for use of near-infrared spectroscopy

(13)

a) In the weaning period in infants who receive oxygen
treatment (>30%);

b) In the assessment of tissue oxygenation (especially
brain) in association with TE in the presence of car-
diovascular failure;

¢) In the assessment of results at the tissue level in pa-
tients in whom an oxygen tolerance test is to be per-
formed;

d) Inthe assessment of cerebral autoregulation by corre-
lating with BP in hypoxic ischemic encephalopathy;

e) In the follow-up of patent ductus arteriosus;

f) In the assessment of mesenteric and splanic circula-
tion in preterms;

g) In the follow-up of patients with congenital heart dis-
ease (CHD) during and after surgery;

h) In specifying indications for transfusion.

2. Criteria used in the assessment of the cardiovascular
system and their physiologic mechanisms
Organization of the CVS, which is included in hemody-
namic balance, is shown in Figure 2.

2.1 Blood pressure:

Blood pressure is a numeric measure constituted by car-
diac output and systemic vascular resistance (SVR) in as-
sociation, and a significant indicator of sufficient circula-
tion (14).

BP=Cardiac output X SVR

Accordingly, BP may increase, decrease or stay stable de-
pending on the compensation level of cardiac output and
SVR. There are different opinions related with the critical
BP limit affecting short-term and long-term morbidity
and mortality in newborns (15-18).

Blood pressure shows an increase with gestational week

newborns
TOI <55%
HYPOXEMIA
. Control MAP
Correct hypocapnia and PaCO,
Hb Treat anemia

Hypotension, oliguria and
increased lactate belonging
to circulatory impairment

Treat PDA TNE Hypovolemia Fluid loading
Vasodilator Poor
shock myocardial
performance
Vasopressor Inotropics NIRS
monitorization
Continue

Figure 1. Management algorithm in low tissue oxygneation

&)

Hb: hemoglobin; TE: targeted echocardiography; MAP:
mean airway pressure; PDA: patent ductus arteriosus;
TOLI: tissue oxygenation index; NIRS: near-infrared
spectroscopy

Figure 2. Organization of the cardiovascular system in-
cluded in hemodynamic balance

and postnatal age. The mean BP after the postnatal 3 day
reaches =30 mm Hg in preterm babies and >50 mm Hg
in term babies. It is higher in female babies compared
with male babies, and in babies born by cesarean section
compared with those born by vaginal delivery; it is lower
in asphyctic babies (9, 11). In the literature, there are var-
ious tables and graphs showing normal BP values in the
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Table 1. Normal blood pressure values in the first day of life in newborns by birthweight*

Birthweight (g) Systolic Diastolic Mean (Calculated)
Maximum Median Minimum Maximum Median Minimum Maximum Median Minimum

750 60 43 28 44 28 12 49 33 17
1000 62 46 30 45 30 14 51 35 19
1250 64 49 32 46 31 15 52 37 21
1500 66 50 34 48 32 16 54 38 22
1750 69 52 37 49 33 17 56 39 24
2000 71 55 39 50 34 18 57 40 25
2250 73 58 41 51 35 19 58 43 26
2500 76 60 43 52 37 21 60 45 28
2750 79 62 45 53 38 22 62 46 30
3000 80 64 48 54 39 23 63 47 31
3250 82 68 50 55 40 24 64 49 33
3500 85 70 52 56 41 25 66 51 34
3750 88 72 54 57 42 26 67 52 35
4000 90 74 56 58 43 28 69 53 37

*The highest and lowest values indicate 95% confidence interval (19)

neonatal period (9, 19-21). Table 1 and 2 show normal BP
values as specified by Zubrow et al. (19).

2.2 Cardiac output:

Stroke volume is the amount of blood sent to the periph-
ery by the heart in one pulse, and cardiac output is the
amount of blood pumped to the periphery by the heart
in one minute. Cardiac output is directly proportional to
the heart rate and stroke volume (normal values: 150-350
mL/kg/min) (22).

Cardiac output = Heart rate X stroke volume

Reduced preload, reduced contractility, and increased af-
terload decrease cardiac output. Cardiac output in new-
borns is dependent on heart rate rather than stroke vol-
ume; therefore, cardiac output is disrupted in the event of
very high (>180 pulses/min) or very low (<80 pulses/min)
pulses persisting for a long-term.

Figure 3 shows the main conditions causing low cardiac
output.

2.3 Systemic vascular resistance

Fetal circulation is characterized by low SVR and high
pulmonary vascular resistance (PVR). Low resistance pla-
cental circulation is eliminated with cord clamping at

the time of delivery. Simultaneously, SVR increases with
an increase in catecholamines and other hormones. The
shunts during the fetal period (ductus arteriosus, ductus
venosus, foramen ovale) start to close. Under normal con-
ditions, SVR is controlled by vasoconstrictor and vasodi-
latator factors (23). However, vasodilatation developing
during acute events may lead to hypotension and schock.
SVR decreases due to reduced afterload in hemodynam-
ically significant PDA and due to cytokine-mediated pe-
ripheral vasodilation in sepsis and NEC. If appropriate
treatment is not given, vasodilatation can not be compen-
sated even if cardiac output is normal or increased and
hypotension develops (4, 24, 25).

3. Tissue oxygenation

Blood flow (cardiac output), hemoglobin (Hb) level, and
arterial blood oxygen content should be sufficient for tis-
sue oxygenation (TO,). Tissue oxygenation may also be
disrupted with excessive consumption of tissues (e.g.,
septic shock). An anaerobic mechanism develops when
the oxygen requirement of tissues is not met and lactic
acid production increases. If this condition persists, the
picture results in cell death and organ failure (4).

3.1 Calculation of tissue oxygenation
Tissue oxygenation can be calculated using cardiac out-
put measured with echocardiography/catheterization,
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Table 2. Normal blood pressure values in newborns by adjusted gestational week*
Gestational week Systolic Diastolic Mean (Calculated)
Maximum Median Minimum Maximum Median Minimum Maximum Median Minimum
24 68 49 33 46 29 14 53 36 20
25 69 51 36 47 30 15 54 37 22
26 70 52 38 48 31 17 55 38 24
27 71 54 40 49 32 18 56 39 25
28 72 55 41 50 33 19 57 40 26
29 73 56 42 51 34 20 58 41 27
30 78 59 43 52 35 21 60 43 28
31 78 61 46 53 36 22 61 44 30
32 80 62 48 54 37 23 63 45 31
33 81 63 50 55 38 24 64 46 33
34 83 66 51 56 39 25 65 48 34
35 84 69 52 57 40 26 66 50 35
36 87 71 55 58 41 27 68 51 36
37 89 72 57 59 42 28 69 52 38
38 90 75 59 60 43 29 70 54 39
39 91 78 60 60 44 30 70 55 40
40 92 80 61 61 44 30 71 56 40
41 93 81 62 62 46 31 72 58 41
42 95 82 63 63 47 32 74 59 42
43 97 83 65 64 48 33 75 60 44
44 928 86 66 65 49 34 76 61 45
45 100 88 69 66 50 35 77 63 46
46 102 89 71 66 51 36 78 64 48

*The highest and lowest values indicate 95% confidence interval (19)

blood Hb level and arterial blood gases/pulse oxymeter
oxygen saturation values.

TO,=Cardiac output x Arterial O, content

TO,=Cardiac output x (Hb-bound O,+released O,)

TO =Cardiac output x 1.34xHbxSaO, (SpO,)+(Pa0,x0.003*)
*Released oxygen may be ignored.

Note: The oxygen binding capity of Hb is 1.34. The Hb
value is written in g/L and SpO, is written as a decimal
(e.g., 95%—>0.95). Normal values: 20-40 mL/kg/min (26).

3.2 Calculation of tissue oxygen consumption

The difference between arterial and venous TO, yields
the amount of tissue oxygen consumption (mL/kg/min)
(normal values: 4-6 mL/kg/min) (26). Arterial (SaO,) or sat-
uration values (SpO,) measured by pulse oxymeter should

be used when calculating arterial TO,, and saturation val-
ues (SvO,) measured by NIRS should be used when calcu-
lating venous TO,.

Example: If pulse oxymeter SpO, is 95% (arterial O,), cere-
bral NIRS SvO, (venous O,) is 75%, Hb is 10 g/dL, and
cardiac output by echocardiogram is 200 mL/kg/min in a
baby born at the 30* gestational week with a birth weight
of 1500 g:

Arterial TO,=200 x 1.34x0.1x0.95=25.5 mL/kg/min
Venous TO,=200x1.34x0.1x0.75=20.1 mL/kg/min

Tissue oxygen consumption: 25.5 (TO, arterial) - 20.1(TO,
venous)= 5.4 mL/kg/min O, is used by the brain (“cerebral
O, consumption” within the normal limits).
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Figure 3. Conditions that lead to low cardiacoutput in newborns (4)

MAP: mean airway pressure; PDA: patent ductus arteriosus; PPHN: persistent pulmonary hypertension of the newborn

Figure 4. Tissue oxygen consumption: (SpO,) 96%-(SvO,)
66%=30%

The difference betwen arterial (pulse oxymeter-SpO,) and
venous (NIRS-TOI) saturations indicates the amount of
oxygen consumed by tissues in percentages (normal val-
ues: 15-33%). In Figure 4, tissue oxygen consumption is
calculated as SpO, (96%)-rSO, (SvO,) (TOI) (66%)=30% (27).

3.3 Calculation of fractional oxygen extraction using
near-infrared spectroscopy

Fractional oxygen extraction (FOE) indicates the per-
centage of oxygen removed by tissue. It is calculated
acording to the following formula: FOE= SaO,-SvO,/

Sa0, (normal values: 0.15-0.22).

Fractional oxygen extraction changes depending on or-
gan and organ activity. More active organs (brain, heart)
are expected to remove a larger amount of oxygen from
the blood. Tissues consume 15-33% of the transported
oxygen (4, 27). When fractional oxygen extraction is 30%,
venous oxygen saturation (NIRS-SvO)) is 65-70%. An in-
crease in oxygen extraction up to 65-70% results in reduc-
tion of venous oxygen saturation to 40-50%.

4. Autoregulation in target organs

The mechanism that regulates stable blood flow in an or-
gan or region despite changes in blood pressure or perfu-
sion is defined as autoregulation. Many defense mecha-
nisms step in to prevent the development of tissue injury
when blood flow is disrupted. The ability of autoregula-
tion is limited in preterm babies (28). Munro et al. (29) re-
ported the threshold BP value for cerebral autoregulation
as 28-30 mm Hg in preterms.

Vasodilatation occurs in vital organs and vasoconstriction
occurs in non-vital organs as a response to hypotension
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Table 3. Pathophysiology and causes of systolic, diastolic and combined hypotension

Hypotension Pathophysiology Causes
Systolic BP <3 percentile Left ventricular stroke volume is low PPHN
Septic (cold) shock

Diastolic BP <3 percentile

Systolic and diastolic BP <3" percentile

+ Systemic vascular resistance is low

+/- systolic function of the heart is disrupted

Systemic vascular resistance is low

Left ventricular stroke volume is low

Cardiogenc shock

Systemic hypovolemia
Septic (warm shock)

PDA

Previously systolic BP is |,
PPHN

Cardiogenic shock
Previously diastolic BP is |,
Hypovolemia or warm shock
PDA

BP: blood pressure; PDA: Patent ductus arteriosus; PPHN: Neonatal persistent pulmonary hypertension

and inadequate perfusion. Primarily, more oxygen is re-
moved from the blood. If this critical condition lasts for a
long time, organ function/development is affected nega-
tively. Anaerobic metabolism starts and tissues cannot ex-
tract oxygen. When vital cellular functions are disrupted,
acute cell death occurs with necrosis and membrane po-
tentials and integration cannot be maintained (4, 27, 30).

5. Causes of hemodynamic disruption in the neonatal
period

Cardiovascular failure is an important cause of morbidity
and mortality in the neonatal period. The frequency of
hypotension is approximately 50% among very-low-birth-
weight preterm babies internalized in the neonatal inten-
sive care unit (NICU) (31, 32). Early-onset hypotension is
generally related with abnormal peripheral vasoregula-
tion, myocardial dysfunction, and hypovolemia (33).

Differences in the definition of hypotension are noted in
the literature (19, 31-34). Therefore, it is difficult to give a
single threshold value.

Definitions of hypotension:

1) A mean PB below the gestational week or at the <3
(or 10™) percentile according to the gestational age;

2) A systolic, diastolic, and mean BP below the 95% con-
fidence interval according to the gestational week;

3) A mean BP of <30 mm Hg in the first 72 hours in
preterm babies with a gestational age of <32 weeks;

4) BP value at which organ blood flow autoregulation
and tissue perfusion is disrupted.

Cardiac functions in newborns are different compared
with older children and adults. In the early postnatal
transmission period, complex vital changes are observed
in all organs (29). In the myocardium of the newborn,
noncontractile elements such as mitochondria are out-
numbered, glucose-lactate production is excessive, cal-
cium release is insufficient, and contractile reserve is low
(35, 36). Therefore, sufficient response cannot be given in
the event of increased need. Preload, myocardial contac-
tility, and afterload are very important in the maintanence
of hemodynamic balance. Blood pressure should be as-
sessed separately as systolic and diastolic pressure and
not only as mean BP. Table 3 shows the causes of hemo-
dynamic disruption according to systolic, diastolic, and
combined BP reduction.

5.1 Causes of hypotension/hemodynamic disruption in
preterms (15, 33)

a) Early postnatal transmission period;

=5

Hemodynamically significant PDA;

g

)
)

) Myocardial dysfunction;
) Perinatal depression;
)

)

(=W

D

Sepsis and/or NEC;
Hypovolemia;

)

)

g) Relative adrenal insufficiency.

5.2 Causes of hemodynamic disruption in term new-
borns (15, 33, 37)

1 Hypovolemia

a) Placental bleeding, ablatio placenta, placenta previa;

S71



S72

Dilli, et al. Neonatal hemodynamics and management of hypotension in

newborns

=5
~

Feto-maternal bleeding;
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Birth trauma-subaponeurotic bleeding;
Hepatic/splenic rupture;

Massive pulmonary bleeding;
Disseminated intravascular coagulation;
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~

-~
~— ~—

Losses into the third space.

oQ
~

2 Cardiogenic shock

a) Asphyxia;

b) Arrhythmia;

c) Congenital heart disease;

d) Cardiomyopathy, myocarditis;

3 Air leakage syndromes
a) Pneumothorax;
b) Inappropriate positive end-expiratory pressure (PEEP).

4 Sepsis and septic shock

5 Endocrine causes:
a) Adrenal hemorrhage;
b) Adrenogenital syndrome;

6 Drug-associated hypotension

Pharmacologic treatment

Intavenous fluids, inotropics, vasopressors, and steroids
are frequently used in the treatment of hypotension.
The treatment approaches and vasoactive agents used
show variance by clinics (38-40). Although the drugs
are classified as inotropics and vasopressors, some (e.g.,
dopamine and adrenalin) show both effects according
to the dose given. Differences in maturation according
to gestational week and postnatal age change adrener-
gic (alpha and beta) and dopaminergic receptor expres-
sion and thus the cardiovascular response. Inotropics
improve cardiac contraction by acting on the my-
ocardium and increase cardiac output. Vasopressors
lead to an increase in BP by way of vasoconstriction
in the vascular bed. They basically act via the adren-
ergic system. Resuscitation guidelines recommend use
of inotropics and/or vasopressors in hypotension that
persists despite volume replacement (41). Which agent
to be preferred in which newborn is still an issue of de-
bate (2). There are insufficient clinical studies showing
long-term results of treatment of hypotension in new-
borns. The most frequently used agents in the treat-
ment of hypotension and hemodynamic disruption in
newborns and their mechanisms of action are shown
in Table 4 (42).

Turk Pediatri Ars 2018; 53(Suppl 1): S65-S75

6.1 Pharmacologic treatment principles (12, 15, 38-40)

a) Detailed clinical assessment should be performed be-
fore making a decision for treatment in presence of
hypotension;

b) It is recommended that the mean BP level should be
kept above normal in very-low-birth-weight preterm
babies (>gestational week or >30 mm Hg);

¢) In the treatment of hypotension, the first option
should be dopamine if BP is desired to be increased.
The initial dose should be 5 pg/kg/min and the dose
should be increased up to a maximum dose of 15-20
pg/kg/min according to the hemodynamic responses,
if necessary;

d) Adding dobutamine (5-20 pg/kg/min) to the treat-
ment may be helpful in hypotension that does not re-
spond to volume expander and dopamine;

e) When the effects of dopamine and dobutamine are
compared, no difference is observed in morbidity and
mortality rates, but dopamine has a stronger blood
pressure-raising effect;

f) If no response is obtained, although the dose of
dopamine is increased to 10-15 pg/kg/min, assessment
with TE may be directive in treatment;

g) Increase in blood pressure does not necessarily mean
that organ perfusion is improved,;

h) Milrinon and levosimendan act as inodilators; they
should be used with caution in heat shock and in the
presence of diastolic hypotension because they lead to
peripheral vasodilatation;

i) Adrenal insuficiency should be considered in hy-
potension that is irresponsive to high-dose inotropics,
serum cortisol levels should be measured, and admin-
istration of hydrocortisone should be considered. The
short-term and long-term adverse effects of steroids
should be considered;

j) It has been shown that adrenaline and vasopressors
are effective in persistent hypotension.

Conclusion

The basis of treatment of hypotension in newborns is
specifying and treating the underlying cause. The objec-
tive should be to correct organ perfusion rather than only
obtaining a normal BP value (1-3, 33). Therefore, the pa-
tient should be intermittently assessed during the treat-
ment period and at the end of treatment using clinical
criteria, TE, tissue perfusion, and oxygenation. Figure 5a
and 5b show a management algorithm in the presence of
clinical circulatory failure.

In patients receiving multiple treatments (inotrope, va-



Dilli, et al. Neonatal hemodynamics and management of hypotension in

Turk Pediatri Ars 2018; 53(Suppl 1): S65-S75

Table 4. Inotropicsfvasopressors used in newborns and their mechanisms of action

newborns

Drug Pharmacology Physiological action Dose Practical information
Dopamine D1, D2, alpha-1, Increases contractility and vascular resistance  5-20 pg/kg/min Vasoconstriction; long
beta-1 Vasodilatator at low doses (dopaminergic intravenous access
and beta receptor action), vasoconstrictor should be used, central
at high doses venous access may be
required.
Dobutamine Alpha-1, beta-1, Increases contractility without increasing 5-20 pg/kg/min May be administered by
beta-2 vascular resistance. Strong beta receptor the peripheral access.
action: vasodilatation, tachycardia and
chronotropy
Epinephrine Alpha-1, alpha-2, Increases contractility (increases vascular 0,01-0,3 pg/kg/min Vasoconstriction; long
beta-1, resistance at high doses), increases blood intravenous access
beta-2 agonist pressure by increasing heart rate and should be used, central
contractility, because its action on beta venous access may be
receptors is greater compared to alpha required.
action. Dopamine and dobutamine are
less potent compared to epinephrine
and norepinephrine. They can all lead to
tachycardia. Receptor insensitivity may
develop at high doses.
Norepinephrine Alpha-], alpha-2, Acts on alpha receptors, increases Initial: 0,02-0,1 pg/ Vasoconstriction; long
beta-1 agonist blood pressure by way of peripheral kg/min or central venous access
vasoconstriction. Maximum: is required
1,0 pg/kg/min
Vasopressin Antidiuretic Pulmonary vasodilatation, systemic 0,01-0,36 units/kg/ Hyponatremia,
hormone agonist ~ vasoconstriction. It may increase basal hour transaminitis.
in the renal vasopressin levels in presence of severe Vasoconstriction; long
tubules hypotension. or central venous access
is required
Terlipressin Vazopressin Pulmonary vasodilatation, systemic 7 pg/kg/dose 12 hours  Hyponatremia,
analogu vasoconstriction. apart, or 2 pg/kg/dose  transaminitis.
It has greater affinity for V1 receptors 4 hours apart. Vasoconstriction; long
rather than V2 receptors in comparison or central venous access
with vasopressin. is required
Hydrocortisone - - Loading (not It is not clear if it
mandatory): should be used for
2 mg/kg Maintenance: rescue treatment or
0,5-1 mg/kg/dose, 6-8  primary treatment.
hours apart, 3 or 5 days
Milrinon Phosphodiesterase Increases myocardial contractility, leadsto ~ Loading (not In warm shock, it
III inh. peripheral vasodilatation mandatory): may reduce blood
75 pglkg pressure because it
Maintenance: 0,3-0,9  will lead to peripheral
pg/kg/min vasodilatation.
Levosimendan Calcium Increases nyocardial contractility, leads to 0,05-0,4 pg/kg/min, for In warm shock, it
sensitizier, peripheral vasodilatation 24-72 hours may reduce blood
phosphodiesterase pressure because it
III inh. will lead to peripheral
vasodilatation

sopressor), the first drug to be reduced after obtaining
hemodynamic stability depends on the underlying clin-
ical picture. It should be evaluated as to whether the
problem is related with myocardial performance, SVD
or PVD. It is important that the patients’ findings, de-

cisions made, and applications performed are recorded
at each step. An approach considering the newborn’s
physiologic characteristics and underlying pathophys-
iology seems to be rational in the management of
hemodynamics.
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Clinical circulatory failure
(If one or more of the following findings are present)
1-) Reduced mean BP (According to adjusted gestational week <3 P)
2-) Lactic acidosis (>2.8 mmol/L)
3-) Oliguria (<1 ml/kg/hour for 12 hours)
4-) Capillary refill time >3 sec + poor peripheral circulation

Investigation Card1ology
for sepsis consultation
(CHD?)
SE bolus
10ml/kg
Normal _BP_’, Blood Normal BP, Abnormal
Normal clinical 3 na :
findings pressure? clinical findings

Systolic BP |
(Low cardiac

Diastolic BP |,
(Low vascular

Systolic and
diastolic BP |,

output) resistance) (severe shock)

DObUtamm,e Dopamine‘ Adrenaline
5mcg/kg/min 5 mcg/kg/min 0.05 mcg/kg/min

Have BP and

other findings

improved?
YES NO
Low preload (Left Low vascular resistance

ventricular end

-Norephinephrine (if PHT is absent,
-diastolic volume <3%) orephinephrine ( is absent)

Left ventricular performance is impaired
(Cardiac output <150 ml/kg/min
and | contractility)

-BP normal: Dobutamine
-BP |: 1-)Dopamine 2-) Adrenaline

Autoregulation is impaired and
there is a risk of hypoxia (NIRS)
(TOI <55% or FOE >33%)
or VIS >10

YES NO

Serum cortisole |,
Hydrocortisone
2 mg/kg/dose loading

Reduce cardiac
drugs when clinical
findings improve

If improvement is present after
loading or serum cortisole
<350 nmol/l (12.7 mcg/dl)

1) Increase cardiac support until clinical findings and
NIRS (Near infrared spectroscopy) improve,

2-) Hydrocortisone 0.5 mg/kg/dose, maintenance with
6-hour intervals,

3-) Continue monitoring with TNE (Targeted neonatal
echocardiography)

4-) Continue monitoring with NIRS

(Cardiac output >350 ml/kg/min, but mean BP |)

-Vasopressin (Terlipressin) (if PHT is present)

Figure 5. a, b. Clinical circulatory failure algorithm (12)

TOLI: tissue oxygenation index; FOE: fractional
oxygen extraction; BP: blood pressure; CHD: con-
genital heart disease; MAP: mean airway pressure;
PH: pulmonary hypertension; NS: normal saline;
VIS: vasoactive inotrope score; NIRS: near-in-

frared spectroscopy

Turk Pediatri Ars 2018; 53(Suppl 1): S65-S75

See “Guideline for the Approach to Hemodynamics and

Hypotension in the Neonatal Period” for detailed infor-
mation about this subject (43).
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