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Challenges in the treatment of hypotension in an
extremely preterm neonate
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Institute of Neonatology, Belgrade, Serbia

SUMMARY

Introduction Hypotension is often seen in preterm neonates, as a result of various factors such as im-
mature myocardium, transitional circulation, perinatal hypoxia, positive-pressure ventilation, and relative
adrenal insufficiency. The leading causes of hypotension in preterm neonates are sepsis and septic shock,
patent ductus arteriosus (PDA), and necrotizing enterocolitis.

Case outline The female preterm neonate was delivered at 24"” weeks of gestation with a birth weight
of 710 g and an Apgar score of 3 in the first minute after birth. Hypotension was noted from the first
day of life, so dopamine was administered. The neonate was admitted to the Institute of Neonatology
on the fourth day of life and we continued dopamine and dobutamine. Despite increasing the dose, the
hypotension remained persistent, and we started epinephrine. Echocardiography showed PDA and signs
of heart failure. The neonate’s condition was complicated by acute renal injury. Therefore, ibuprofen was
not used to close the PDA, so we continued its conservative treatment. In order to correct the hypoten-
sion, hydrocortisone was added to the therapy. Despite conservative treatment of the PDA, hypotension
was persistent and severe, and its treatment lasted for four weeks of hospitalization. After achieving
hemodynamic and respiratory stability, surgical ligation of the PDA was performed.

Conclusion Hypotension is a complication in the early neonatal period in an extremely preterm neonate.
Knowing the cause, as well as the pathophysiology, allows for the selection of the appropriate drug and
proper treatment of hypotension in preterm neonates, which is very challenging for neonatologists.
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INTRODUCTION

Hypotension is often encountered in preterm
neonates. Various factors are associated with
hypotension in preterm neonates such as im-
mature myocardium, transitional circulation,
perinatal hypoxia, positive-pressure ventila-
tion (PPV) after birth and transient or rela-
tive adrenal insufficiency. The leading causes
of hypotension in preterm neonates are sepsis
and septic shock, patent ductus arteriosus PDA
and necrotizing enterocolitis [1, 2, 3]. Patent
ductus arteriosus is a common cause of low
diastolic blood pressure (BP) as a result of the
diastolic outflow of blood into the pulmonary
circulation from the left-to-right (L-R) shunt,
which makes it difficult to treat [4]. Therefore,
pharmacotherapy should be adjusted according
to the pathophysiology of the condition that
caused hypotension [1, 5, 6]. We report a case
of an extremely preterm neonate with severe
and persistent hypotension caused by hemo-
dynamically significant PDA.

CASE REPORT

The preterm female neonate was delivered
vaginally at 24" weeks of gestation with a
birth weight of 710 g and an Apgar score of 3
in the first minute after birth. The pregnancy
was properly controlled, complicated by the

mother’s vaginal bleeding one month before
delivery. There was no infection during preg-
nancy. Immediately after birth, the neonate was
intubated. In the Neonatal Intensive Care Unit
(NICU) in the Maternity Hospital, the neonate
was placed on conventional mechanical ventila-
tion (MV) and surfactant was administered. The
neonate received dual antibiotic therapy (ampi-
cillin and gentamicin) and total parenteral nu-
trition. In order to stimulate breathing, a prep-
aration of methylxanthine, caffeine, was used.
Because of hypotension, the neonate received a
fluid bolus and during the first three days of life
(DOL), inotropic support with dopamine was
applied. Also, the neonate received a red blood
cell transfusion in order to correct anemia.
The neonate was admitted to the Institute of
Neonatology on the fourth DOL, in severe con-
dition, orotracheally intubated, with a weight
of 590 g, heart rate (HR) of 126 beats/min, BP
of 61/28/41 mmHg and respiratory rate of 52
breaths/min. Oxygen saturation (SpO,) was
94% on MV with a fraction of inspired oxy-
gen (FiO,) of 0.4. In our NICU, conventional
MYV was continued. Blood gas analysis showed
metabolic acidosis. Chest X-ray showed signs
of respiratory distress syndrome with moder-
ate cardiomegaly. In the following hours after
admission to the Institute, hypotension, pre-
dominantly diastolic hypotension, and oliguria
were noted in the neonate, so inotropic support
with dopamine and dobutamine in minimal
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doses was started. At the same time, cardiac auscultation
was normal, without heart murmurs. Despite increasing
the dose of dopamine and dobutamine, the hypotension
was persistent (minimal diastolic BP was 10 mmHg), so
on the second day of hospitalization, the administration of
epinephrine was started. Echocardiography showed PDA
measuring 2 mm with a L-R shunt of blood flow, as well
as signs of heart failure. There was massive regurgitation
of both AV valves. Also, patent foramen ovale was present,
with an L-R shunt of blood flow. Because of acute kidney
injury (stage 3 KDIGO classification) and green gastric
residuals, ibuprofen was not used to close PDA. Restriction
of total fluid intake (120 ml/kg per day) was applied. In
accordance with BP values and diuresis, the dose of epi-
nephrine was gradually increased to the maximum. After
a short phase of maintaining stable BP values and diuresis
at maximum doses of epinephrine, a gradual reduction in
the dose of epinephrine was started. Diastolic hypoten-
sion then occurred again, so at the end of the first week of
hospitalization, in addition to epinephrine, hydrocortisone
was introduced for the therapy of hypotension. In the fol-
lowing days, the doses of epinephrine and hydrocortisone
were gradually titrated. Control echocardiography was
performed four days after the first examination and the
findings showed no significant changes. Because of heart
failure, intermittent administration of loop diuretics such
as furosemide was started. In order to treat hypotension
and stimulate diuresis, the neonate still required very high
doses of inotropes and hydrocortisone. Control echocar-
diography findings were without significant changes. At
the end of the third week of hospitalization, we began grad-
ually reducing the doses of inotropes based on BP values
and diuresis. In order to maintain normal BP values, hy-
drocortisone was administered until the end of the fourth
week of hospitalization in minimal daily doses. BP values,
as well as the inotropic and/or vasopressor therapy applied
in our case, are shown in Table 1. When the neonate was
hemodynamically stabilized, a cardiosurgical evaluation
was performed. Surgical ligation of PDA was performed
on the 43rd DOL without complications.

The neonate was on conventional MV for 46 days,
then on non-invasive respiratory support (nasal continu-
ous positive airway pressure) for 10 days and further on
oxygen therapy until the age of two months (corrected
36 weeks of gestation). Sepsis screening was positive for
late-onset sepsis for Staphylococcus haemolyticus. The
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head ultrasound on the seventh DOL showed cerebellar
hemorrhage. During a control head ultrasound, a gradual
reduction of cerebellar hemorrhage was observed. Because
of neonatal seizures, the neonate was treated with pheno-
barbital and midazolam. Electroencephalography (EEG)
showed irregularity and depression of basic activity with
epileptic discharges. On control EEG examinations, there
were no epileptic discharges, the neonate had no neonatal
seizures, so she was discharged home without antiseizure
medications. During hospitalization, the neonate received
five red blood cell transfusions and one platelet transfu-
sion. Minimal enteral nutrition was started at the end of
the second week of life. Full enteral nutrition was achieved
in the 6th week of hospitalization. At the age of two months
and 10 days, due to retinopathy of prematurity (ROP) in-
travitreal application of anti-VEGF was performed. The
neonate was discharged home in the fourth month of life
(corrected 40 weeks of gestation) with a weight of 2700 g
(less than the 10th percentile for the gestational age).

Ethics: The manuscript has been written in accordance
with the ethical standards of the Declaration of Helsinki.
The publication of the data in the manuscript was approved
by the Ethics Committee of the Institute of Neonatology
(No. 2398/3).

DISCUSSION

After birth, there are complex and sudden changes that
mostly affect the cardiovascular and respiratory system.
In healthy full-term neonates, rapid closure of the ductus
arteriosus occurs at birth, which is one of the key changes
during the transition from fetal to neonatal circulation.
However, in preterm neonates, constriction and permanent
closure of the ductus arteriosus at birth are delayed, which
may be associated with neonatal morbidity and mortality.
The risk for PDA is inversely proportional to the gesta-
tional age. It is estimated that about 87% of neonates born
at 24 weeks of gestation have a symptomatic PDA [3, 7, 8].

Hypotension is especially common in preterm neonates
during the first 72 hours of life, as a result of large tran-
sient adaptive changes in the respiratory, cardiovascular
and neuroendocrine systems. There is wide variation in
the definition of hypotension in preterm neonates. One of
the most common definitions of hypotension in preterm

Table 1. Blood pressure values and inotropic and/or vasopressor therapy in our patient

First week of BP 37/12 37/11 43/15 42/15 32/10 41/16 40/17
hospitalization | Th dop + dob dop + dob epi epi epi epi epi + hydr
BP 36/17 46/20 58/22 37/18 46/23 49/26 44/15
Second week of p dob
hospitalization Th epi + hydr epi + hydr epi + hydr epi + hydr epi + hydr epi + hydr OPP:;d:) *
X BP 42/19 50/25 63/32 56/21 44/22 51/29 43/16
Third week of
hospitalization Th dop+dob+ | dop+dob+ | dop+dob+ | dop+dob+ | dop+dob+ | dop+dob+ | dop+dob+
hydr hydr hydr hydr hydr hydr hydr
BP 56/20 52/30 56/24 51/20 59/27 64/35 64/34
Fourth week of dop+dob+ | dop+dob+ | dop+dob+ | dop+dob+
TesaElfi op +do op +do op +do op +do
ospitalization Th hydr hydr hydr hydr hydr hydr

BP - blood pressure; Th - therapy; dop — dopamine; dob - dobutamine; epi — epinephrine; hydr - hydrocortisone
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neonates used in clinical practice is given by the British
Association of Perinatal Medicine. According to this asso-
ciation, hypotension is defined as a value of mean BP that
is less than the weeks of gestation. According to another
definition, hypotension in preterm neonates is defined as
mean BP below the 5th or 10th percentile for the weeks of
gestation and postnatal age. Also, hypotension in preterm
neonates is defined as a mean BP value below 30 mmHg.
This definition is particularly useful for neonates after 72
hours of life [1, 6]. Hypotension associated with PDA can
be challenging and difficult to treat [4, 9].

Preterm neonates are usually treated for hypotension
in the first 24 hours of life. Batton et al. [10] in a prospec-
tive observational study showed that 55% of extremely
preterm neonates received therapy for hypotension and
28% received a vasoactive medication. Our patient was an
extremely preterm female neonate and had hypotension
within 24 hours of life, so she received a fluid bolus and
dopamine in the Maternity Hospital. The first-line therapy
for hypotension in preterm neonates in many NICUs is
the administration of a fluid bolus followed by inotropes
such as dopamine. However, in neonates with PDA and
heart failure a fluid bolus in hypotension therapy might
be harmful. Also, dopamine, although it increases BP, can
have a negative effect on cerebral perfusion and cerebral
autoregulation in very low birth weight neonates (birth
weight < 1500 g), which can increase the risk of intraven-
tricular hemorrhage [6, 9, 11].

In accordance with the guidelines and recommenda-
tions, if hypotension is caused by myocardial dysfunc-
tion, the first-line therapy is dobutamine, which achieves
its effect by stimulating -1 adrenergic receptors [12].
Dobutamine increases myocardial contractility, HR, right
and left ventricular output and mean BP. As a second-line
therapy, we should consider dopamine, whose effect on
BP and different organs is dose-dependent. In doses that
are most often used in NICUs, 3-10 pg/kg/min, by stimu-
lating adrenergic and dopaminergic receptors, dopamine
increases HR, myocardial contractility and BP [1, 6].

Epinephrine is the third-line therapy for severe and per-
sistent hypotension caused by myocardial dysfunction. Its
hemodynamic effects, achieved through alpha and beta
adrenergic receptors, are dose-dependent. In low doses
(0.01-0.1) pg/kg/min epinephrine stimulates the a-2, B-1,
and B-2 adrenergic receptors, which causes peripheral va-
sodilatation, increased myocardial contractility and HR,
and finally increases BP. At higher doses (> 0.1) ug/kg/min
epinephrine achieves effects through a-1 adrenergic recep-
tors whose activation causes peripheral vasoconstriction
and increased HR [1, 6, 12]. Also, corticosteroids, such as
hydrocortisone, are used as adjunctive or rescue therapy
for refractory hypotension in preterm neonates, i.e., neo-
nates who are hypotensive despite the administration of
two inotropes. Their short-term use seems safe; however,
a question is raised about their impact on neurodevelop-
mental outcome in preterm neonates [13, 14].

In addition to dopamine, dobutamine and epineph-
rine, norepinephrine is also used in the therapy of hypo-
tension in neonates. Norepinephrine is an endogenous
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sympathomimetic that is a potent alpha-1 agonist, with
moderate to weak effects on beta-1 and beta-2 adrenergic
receptors. Because the effect on -2 adrenergic receptors
is minimal, norepinephrine has combined inotropic and
peripheral vasoconstrictive effects. Norepinephrine is rec-
ommended as first-line treatment for septic shock in adults,
children, and full-term neonates [15]. It is used in less than
5% of preterm neonates with shock as second- or third-
line therapy [16, 17]. Preterm neonates have been shown
to have higher levels of catecholamines, which may account
for a weaker response to norepinephrine [18]. Although the
effect of norepinephrine on BP in preterm and full-term
neonates with septic shock, pulmonary hypertension or
isolated systemic hypotension has been confirmed in sev-
eral retrospective studies with significant improvement in
diuresis, arterial blood gas values and tissue perfusion, in
clinical practice it is traditionally used as second- or third-
line therapy or as an adjuvant anti-hypotensive drug [19].

Milrinone is a type III phosphodiesterase inhibitor that
acts on the myocardium by increasing intracellular con-
centrations of cyclic AMP and calcium by inhibiting the
breakdown of cAMP. It has positive inotropic and lusi-
tropic effects on the myocardium, while reducing systemic
and pulmonary vascular resistance [20]. Clinical studies on
the use of milrinone in neonates have mainly focused on
the treatment of persistent pulmonary hypertension of the
newborn, postoperative use after corrective cardiac sur-
gery, and prevention and treatment of low left ventricular
output syndrome after PDA ligation. However, the use of
this drug also carries a risk of severe hypotension [21, 22].

Vasopressin is also used in the treatment of hypoten-
sion. It is synthesized as a prohormone, primarily in hypo-
thalamic neurons. It plays a key role in the control of BP,
osmotic balance, kidney function and sodium homeostasis.
More recent clinical studies have confirmed the efficacy of
vasopressin as rescue therapy in neonates with persistent
pulmonary hypertension of the newborn and catechol-
amine-refractory hypotension [23].

Levosimendan, a pyridazinone-dinitrile derivative, is a
calcium sensitizer with positive inotropic and vasodilatory
properties. It achieves its inotropic effect by selectively bind-
ing to cardiac troponin, improving myocardial contractil-
ity by increasing the sensitivity of contractile myofilaments
to intracellular calcium. Data on the use of levosimendan
in neonates and children are limited. Relevant systematic
reviews have reported good effects on cardiac functions,
but there is no significant difference in hemodynamic ef-
fects compared to standard inotropic therapy (including
dopamine, dobutamine and milrinone). Some studies have
shown a potentially positive effect on cardiovascular func-
tion in preterm neonates with pulmonary hypertension and
its safety. Although in some studies it has shown promising
effects in improving hemodynamics in neonates, its specific
use for PDA-induced hypotension is not well established.
Additional research is needed to determine its effectiveness
and safety in the treatment of hypotension associated with
PDA. For now, levosimendan remains an innovative thera-
peutic option for the treatment of severe cardiac dysfunction
and pulmonary hypertension in preterm neonates [24, 25].
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Clinical and laboratory findings in our case showed he-
modynamically significant PDA, which was also confirmed
by echocardiographic examination. There were contraindi-
cations for the use of ibuprofen in order to close the PDA.
At that time, acetaminophen was not introduced in the
Institute as a therapy for closing the PDA, so conservative
treatment was applied. First of all, along with the previ-
ously started antihypotension therapy, fluid restriction was
implemented with optimal ventilation, i.e., increasing posi-
tive end-expiratory pressure. Hemodynamic assessment
of the patient was performed daily based on the clinical
picture, blood gas analysis, serum lactate concentration,
BP values and diuresis, with occasional echocardiographic
examinations. Despite early recognition and conservative
treatment of the PDA in our case, hypotension was persis-
tent and severe, and its treatment lasted for four weeks of
hospitalization. There was no effect on closing the PDA by
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conservative treatment, so after achieving hemodynamic
and respiratory stability, surgical ligation of the PDA was
performed.

With advances in technology and neonatal intensive
therapy and care, the survival of preterm neonates, espe-
cially extremely preterm neonates, has increased. Along
with their survival, as a consequence of immaturity, neo-
natologists are increasingly encountering complications of
premature birth in the early neonatal period, among which
is hypotension. Knowing the cause, as well as the patho-
physiology, allows the selection of the appropriate drug
and proper treatment of hypotension in preterm neonates.
In order to reduce the adverse effects of drugs, a gradual
titration of the dose is required along with monitoring of
the hemodynamic state of the neonate.
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W3a30BM y Neyerby XUNOTEH3Mje Ko eKCTPEMHO He3penor HoBopoheHyeTa

Wnwja Manwuh, bubana JosaHosuh Kpuwynosuh, Mapuja Josuunh, Mupocnasa Koctuh Togoposuh

WHcTnTyT 33 HeoHaTonorujy, beorpag, Cpbuja

CAMETAK

YBopa XunoTeH3uja je YecTa Kog NpPeTepMUHCKe HOBOpOheHyYa-
AV 1 nocneauLa je pasnnumntx GakTopa, Kao LITO Cy He3penu
MWOKapA, TPaH3UTOPHa LIMPKynaLmja, nepuHaTtaniHa X1nokcuja,
BEeHTUNaLMja MO3NTVIBHUM MPUTUCKOM 1 PenaTuBHa aipeHanHa
nHcyduumjeHurja. Bogehu y3poum xunoTeH3suje Koa npetep-
MVIHCKe HOBOpPOheHuYaau Cy cenca v CeNTUYHY LLIOK, OTBOPEH
apTepwjcKn KaHan n HeKpoTu3yjyhn eHTepOKOANTUC.

Mpukas 6onecHnKa KeHCKo NpeTepMUHCKO HoBOopoheHue
poheHo je y 247 Heperby rectauuje, ca TEIECHOM MacoM Ha
pohery of 710 g n Anrap ckopom 3 y MpBOM MUHYTY nocrie
pohetba. XnoteHsuja je peructpoBaHa of NPBOr AaHa »KMBOTa,
na je npymMerbuBaH gonammH. HoBopoheHue je npumbeHO y
VIHCTWTYT 32 HeOHaTONOrWjy y YeTBPTOM AaHy XKMBOTa 1 HacCTa-
BJbEHa je Tepanuja AonamMmmMHOM 1 AobyTaMHOM. YnpKoc nose-
hatby 103e, XxunoTeH3mja je 1 Jarbe 6una ynopHa, 36or yera je
npuMetrbeH agpeHanuH. Exokapamorpadcky npernes je nokasao
nocTojatbe OTBOPEHOT apTEPUjCKOr KaHasa 1 3HaKoBa CpyaHe
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nHcyduuumjeHumje. Ctatbe HoBopoheHuyeTa 1o je kKomnau-
KOBaHO akyTHUM owTeherem bybpera. 36or Tora néynpodeH
Huje KopuwwheH y 3aTBapatby OTBOPEHOT apTePUjCKOT KaHana,
na je HaCTaB/beHO HEroBO KOH3ePBaTNBHO Neyetbe. Y Luby
KopeKuuje XxmnoTeH3sunje y Tepanujy je AoAaT XUAPOKOPTU3OH.
YNpKOC KOH3epPBaTMBHOM JieUehy OTBOPEHOT apTepujCKor Ka-
Harna, XMnoTeH3uja je 61na ynopHa 1 TellKa, a keHa Tepanuja je
Tpajana TOKOM YeTVpU Hefesbe XocnuTanu3auyje. HakoH noctu-
3atba XeMOAMHAMCKE 11 PecnupaTopHe CTabunHocTy, ypaheHa
je XvpypLuKa nurawlmja OTBOPEHOT apTepUjCKOr KaHana.
3aK/byyaK XMnoTteHsuja je Komnavkaumja y paHoM HeoHa-
TasIHOM nepuofy KoA eKCTPEMHO He3pesnie HoBopoheHuaaw.
o3HaBarbe y3poKa, Kao 1 natodusnonoruje, omoryhasa ofja-
6vp oprosapajyher neka 1 NpaBUIHO Neyete XMMNOTEH3Mje KOf,
npeTepMMHCKe HOBOPOHeHYaAW, LUTO je 3a HEOHATONIore BEOMa
113a30BHO.

KrbyuHe peun: npeTepmM1MHCKO HoBOpoheHYe; apTepujcku Ka-
HaJl; XMMOoTeH3Mja; KapANOBaCKYIapHU areHcn
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