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Abstract 
This guideline, released in 2011, focuses on the clinical management of systemic hypotension in the very-low-birth-weight 
(VLBW) infant during the first 3 days of postnatal life. 

Focus 
Clinical management of systemic hypotension in the VLBW infant during the first week of postnatal life is one of the signifi- 
cant challenges that clinicians face. This guideline focuses on the clinical management of hypotension primarily during the 
first 3 postnatal days following a diagnosis of hypotension as established by generally accepted criteria for that diagnosis (see 
“Definitions”). 

Developers 
Lyn Vargo, PhD RN NNP-BC 
Istvan Seri, MD PhD 

Funding Source or Sponsor 
National Association of Neonatal Nurses (NANN) and National Association of Neonatal Nurse Practitioners (NANNP) 

External Reviewers 
Robin L. Bissinger, PhD APRN NNP-BC, College of Nursing, Medical University of South Carolina, Charleston, SC 
Edward Schwarz, MD, St. John’s Mercy Medical Center, St. Louis, MO 
Rebecca Siewert, DNP RN NNP-BC, University of Iowa College of Nursing and University of Iowa Children’s Hospital, Iowa 

City, IA 
Carol Trotter, PhD RN NNP-BC, University of Missouri–Kansas City, Kansas City, MO 
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Objective 
To provide an evidence-based clinical guideline for the 
management of systemic hypotension in VLBW infants 
during the first 3 days of postnatal life 

Users and Setting 
Neonatologists, neonatal nurse practitioners (NNPs), and 
nurses in neonatal intensive care units (NICUs) 

Target Population 
Premature infants born at 1,500 grams or less and less than 
3 postnatal days old 

Evidence Collection Methods 
Evidence was collected via searches of three electronic 
databases—Medline, Neonatal Cochrane Collaboration, and 
Cumulative Index to Nursing and Allied Health Literature 
(CINAHL)—from 2000 to 2010. Search words included hy- 
potension, blood pressure, systemic blood flow, premature 
infant, and very low birth weight infant. 

Recommendations and Grading Criteria 
The following grading system was employed to rate the 
quality and strength of the evidence to support the practice 
recommendations: 

 

 
 

Method for Synthesizing Evidence 
Evidence tables and decision analysis using levels of evi- 
dence were used to construct the guideline. The opinions 
of experts were used when firm evidence documented by 
research was not available. 

Prerelease Review 
External reviewers and neonatal  cardiovascular  experts 
were asked to review the evidence with attention to clarity 
prior to the guideline’s release. 

Definitions 
The following definitions were used in formulating the 
guideline: 

Hypotension—Experts believe that three different levels 
of functional alteration in the VLBW infant can be used to 
refine the definition of hypotension: a loss of vital organ 
blood flow autoregulation, a loss of function, and a loss 
of tissue integrity (ischemic threshold).1 However, many 
unanswered questions remain regarding the determination 
of the specific blood pressure values that indicate pathology 
in VLBW infants within each level. In addition, it is unclear 
how to determine the specific blood pressure parameters 
that affect morbidity, mortality, and long-term outcome in 
the VLBW infant.1 

In general neonatal practice the two most common pa- 
rameters used to define hypotension during the immediate 
transitional period are a blood pressure that falls below a 
mean arterial pressure (MAP) of 30 mm Hg or a MAP with 
a number lower than the infant’s gestational age in weeks. 
These values will be used to define hypotension during the 
first 3 days of postnatal life because evidence exists that 
beyond this period, more than 90% of VLBW infants with 
gestational ages of 23–26 weeks will have a MAP greater 
than 30.2 In addition, beyond this period the pathophysiology 
of hypotension is less likely to be affected by ductal and fora- 
men ovale shunting, and this fact should be considered when 
one is treating hypotension beyond postnatal day 3. However, 
these definitions are primarily based on principles of 
developmental cardiovascular physiology and thus represent 
a rather simplistic and, at present, mostly non-evidence-based 
interpretation of what actually constitutes hypotension with 
clinically relevant consequences in the human neonate. 

Very-low-birth-weight (VLBW) infant—a premature infant 
weighing less than 1,500 grams at birth. 

Low systemic blood flow (LSBF)—the condition exist- 
ing when a decreased amount of blood reaches systemic 
end organs, resulting in decreased oxygen delivery to the 
organs and the development of shock. 

Recommendations and Rationale 
The topic of hypotension and its treatment in the VLBW 
infant is complex. Our understanding of what constitutes 
hypotension in this population and our ability to effectively 
monitor hemodynamic changes at the level of tissue perfu- 
sion and organ blood flow remains limited. Although it is 
true that we can “normalize” blood pressure, it has become 
evident that blood pressure is only one of many compo- 
nents that determine overall tissue perfusion and thus 
oxygen delivery in VLBW infants.1 Although neonatal care is 
often aimed at avoiding hypotension, it may be that caregiv- 
ers need to be more concerned instead with preventing the 
consequences of shock. 

In our discussion of the management of hypotension in 
the VLBW infant, it is critical that we include an understand- 
ing of the infant’s presenting diagnosis, the intricacies 

Rating System for the Hierarchy of Evidence 
Level I: Evidence from a systematic review or meta-analysis of 
all relevant randomized controlled trials (RCTs) or evidence-based 
clinical practice guidelines based on systematic reviews of RCTs 
Level II: Evidence obtained from at least one well-designed RCT 
Level III: Evidence obtained from well-designed controlled trials 
without randomization 
Level IV: Evidence from well-designed case-control and cohort 
studies 
Level V: Evidence from systematic reviews of descriptive and 
qualitative studies 
Level VI: Evidence from a single descriptive or qualitative study 
Level VII: Evidence from the opinion of authorities or reports of 
expert committees 

From Evidence-Based Practice in Nursing and Healthcare: A Guide to Best 
Practice (p. 10), by B. M. Melnyk & E. Fineout-Overholt, 2005, Philadelphia: 
Lippincott Williams and Wilkins. Copyright 2005 by Lippincott Williams and 
Wilkins (http://www.lww.com/). Reprinted with permission. 

http://www.lww.com/)
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of the transition from fetal to transitional circulation, the 
importance of ductal and foramen ovale shunting during the 
first days of postnatal life, factors affecting cerebral hemo- 
dynamics such as pH and carbon dioxide tension in the first 
postnatal days, systemic vasodilation and vasoconstriction, 
levels of systemic blood flow (cardiac output), and the inter- 
action between systemic and cerebral hemodynamics. For 
example, systemic blood flow in some VLBW infants  during 
the first 6–12 hours of postnatal life, assessed by superior 
vena cava (SVC) blood flow, is low, and blood pressure 
values may not identify this problem.3 The decrease in sys- 
temic blood flow that occurs during this period is thought 
to be related to the decreased ability of the immature myo- 
cardium to pump against the suddenly increased systemic 
vascular resistance that occurs following cord clamping and 
removal of the low-resistance placenta.4 LSBF will improve 
as transition progresses and as the systemic blood flow 
(i.e., SVC flow) normalizes in VLBW infants by 36 hours of 
postnatal life.5,6 

However, use of the measurement of SVC blood flow 
as a measure of systemic blood flow in VLBW infants has 
limitations, as does the measurement of another factor that 
is often used in neonatology, measurement of left ventricu- 
lar output. The limitations related to use of this parameter 
are due to left-to-right ductal shunting that occurs during 
the first few postnatal days. Right ventricular output as 
measured by echocardiography during the first 24 hours 
of life is felt to be a relatively more accurate measure of 
systemic blood flow at that time because it is less affected 
by ductal flow than is left ventricular output at that time 
(this is true as long as left-to-right foramen ovale shunting, 
which affects the accuracy of right ventricular output, does 
not occur). In fact, low right ventricular output measured 
at less than 48 hours of life in VLBW infants has been 
correlated with low-amplitude-integrated electroencephalo- 
graphic (EEG) activity in these infants, and low mean blood 
pressure has been correlated with low EEG continuity.7 In 
premature infants low cerebral blood flow has been associ- 
ated with discontinuous EEG activity, which has then been 
associated with poor long-term outcome.7 

Other methods for assessing organ blood flow in the 
VLBW infant are currently being investigated. One method 
is the use of near-infrared spectroscopy (NIRS).1 This 
method may help determine the blood flow to vital organs 
such as the brain by measuring certain oxygen-dependent 
compounds that selectively absorb NIR light during pas- 
sage through the brain. These compounds can then be 
measured and oxygenation indices calculated. Cerebral 
blood flow is then measured using the Fick principle and 
the assumption of certain constants.1 This technique holds 
promise, but many obstacles must be overcome before its 
validity is established for widespread use in this area. Un- 
derstanding the complexities of measuring blood pressure 
in VLBW infants and determining what an improvement in 

overall systemic blood flow and tissue perfusion means 
to patients’ outcomes have important implications for the 
treatment of hypotension in this population. 

In discussions of hypotension and the VLBW infant, the 
parameter that has traditionally been thought to be critical 
in determining impact on patient outcome is the associa- 
tion between a history of hypotension and evidence of 
subsequent brain injury.8,9 Some studies have shown that no 
correlation between cerebral blood flow and MAP exists. This 
finding suggests the presence of intact cerebral blood-flow 
autoregulation in these neonates; yet blood pressure alone 
may not be a primary determinant for clinically meaningful 
outcome measures.10 Additional factors include the primarily 
indirect evidence that vital-organ assignment of the forebrain 
vasculature of the VLBW infant is incomplete at birth and 
that VLBW infants will respond to the stress of delivery with 
vasoconstriction of forebrain vessels (rather than vasodila- 
tion). Thus they may have low cerebral blood flow even when 
blood pressure is in the perceived normal range.11 Indeed, it 
appears that steeply increased perfusion to the brain occurs 
between the day of delivery and the following day and that 
this increase is relatively independent of gestational age in 
preterm neonates up to 34 weeks’ gestation.12 

Despite all the unknowns associated with defining hypo- 
tension in VLBW infants and the growing knowledge of other 
methods to determine systemic blood flow, the measure- 
ment of blood pressure remains the primary measure used 
to indirectly evaluate satisfactory cardiac stability, blood flow, 
and tissue perfusion in the NICU, primarily because of the 
ease of monitoring this parameter.13 As mentioned, some 
clinicians consider VLBW infants with a MAP of less than 30 
mm Hg to require treatment for hypotension, while others 
regard infants with a MAP less than the infant’s gestational 
age in weeks as in need of such treatment. However, the 
studies describing these approaches have most often 
arbitrarily used these numbers as treatment thresholds. 
Evidence that treating MAPs by either of these methods 
makes “any difference in anything other than the baby’s 
blood pressure” is insufficient, and evidence that treatment 
affects other factors such as neurodevelopmental outcome is 
also lacking.14 Nonetheless, lack of evidence of a positive or 
negative association between treatment and blood pressure 
outcome does not mean that there is evidence of no associa- 
tion. Therefore, this guideline will not address the question 
of whether to treat or not treat any specific blood pressure 
in VLBW infants. Instead, it will consider the best evidence 
available for treating hypotension in VLBW infants during the 
first 3 days of postnatal life, when treatment is thought to be 
indicated by those caring for the infant. 

The authors of this guideline strongly support collecting 
clinical data that use clinically relevant outcome measures 
to support evidence of hypotension in VLBW infants and 
then, according to appropriately established blood pressure 
values, treating hypotensive infants using this information. 
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A number of therapeutic interventions can improve 
hypotension in VLBW infants. Common treatments cur- 
rently include volume expansion and vasopressor-inotropes, 
lusitropes, and corticosteroids. It is important to note that 
all these treatments have potential adverse effects (see 
the section “Potential Harms and Benefits”). The following 

recommendations and rationales include the best evidence 
(including evidence from clinical experts in the field when 
there is not sufficient evidence) currently available in the 
management of hypotension in the VLBW infant during the 
first week of postnatal life. 

 
Practice Recommendation Level of 

Evidence 
Reference(s) 

1. Hypotension in VLBW infants should be treated on the basis of the etiology of the hypotension whenever an 
etiology is known. 

 
Rationale: It is generally agreed by experts that adequate treatment of blood pressure requires identification 
of the primary factor leading to the hypotension. 

VII 15, 16, 17 

2. In general, the early use of volume expansion with normal saline, fresh frozen plasma, albumin, plasma I 18, 19 
substitute, or blood in VLBW infants with hypotension is not recommended.   

Rationale: Evidence that VLBW infants with hypotension benefit from volume expansion is insufficent, as is VII 15, 16 
evidence to determine what type of volume expansion should be used in VLBW infants.18,19 The majority of   
VLBW infants who are hypotensive are not hypovolemic and have normal circulating blood volume.15,16   

3. In VLBW infants with evidence of placenta previa, abruption, blood loss from the umbilical cord, fetal anemia, 
or evidence of fetal-maternal transfusion, the administration of a volume expander such as normal saline, ringers 
lactate, or O Rh-negative blood may be used as an initial dose of 10 ml/kg given over 5–10 minutes. This dose 
may be repeated.20 Albumin is not generally recommended for use as a volume expander in VLBW infants. 

 
Rationale: In VLBW infants with evidence of blood loss, the effective circulating blood volume may be 
decreased, which can result in hypotension. Volume expansion will restore normal intravascular volume, 
increase preload, and thus increase cardiac output in a hypovolemic baby.20,21,22 Use of albumin is not generally 
recommended because of the increased risk of infection (it is a blood product); also, the cost of isotonic saline 
is approximately one-fifth the cost of 4.5% human albumin.23 

VII 20, 21, 22, 23 

4. Dopamine, carefully titrated to the optimum hemodynamic response, should be considered prior to 
dobutamine for treatment of hypotension alone in VLBW infants when the cause of hypotension is unknown. 

I 
III 

24 
25, 26 

Rationale: Dopamine is more effective than dobutamine for treating hypotension in premature infants. 
Dopamine does not appear to affect the incidence of severe periventricular hemorrhage, periventricular 
leukomalacia, or tachycardia. Cautious stepwise increases in dopamine in hypotensive VLBW infants are 
not associated with an abnormal neurologic picture, combined adverse outcomes (death, cerebral palsy, or 
profound neurodevelopmental delay), or developmental delay. 

  

5. In VLBW infants with hypotension and LSBF during the first postnatal day caused by the immature 
myocardium’s inability to pump against the sudden increased peripheral resistance that occurs with the 
removal of the placenta (myocardial dysfunction is caused by the VLBW infant’s decrease in cardiac output 
when faced with an increase in peripheral resistance) and vasoconstriction of the immature forebrain 
vasculature, dobutamine may be considered the initial treatment choice in improving blood pressure. If blood 
pressure decreases after beginning dobutamine, low-dose dopamine can be added to the treatment regimen. 

I 
VII 

27 
28 

Rationale: Dobutamine has a direct positive inotropic effect and has a variable degree of peripheral 
vasodilatory response. Thus, in situations where the VLBW infant’s cardiac output has been compromised by 
the sudden increased peripheral resistance caused by removal of the low resistance placenta, as happens 
after birth, experts believe that cautious stepwise increases in dobutamine may increase cardiac output 
by promoting systemic vasodilation and improving LSBF. However, no evidence that dobutamine promotes 
vasodilation in the 1-day-old VLBW infant exists. Use of dopamine, primarily at high doses, in these patients 
may further increase vasoconstriction and decrease systemic blood flow and thus decrease cardiac output.28 

  

(continued) 
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Practice Recommendation Level of 
Evidence 

Reference(s) 

6. If hypotension in the VLBW infant is related to evidence of infection, dopamine should be considered as the 
first-line treatment. If dopamine is not effective, treatment with epinephrine should be considered. 

 
Rationale: Hypotension related to infection is primarily caused by systemic vasodilation. Only in the 
late phase of sepsis is hypotension related to myocardial dysfunction. Therefore, hypotension in VLBW 
infants with probable infection should be treated with a vasopressor or intropic agent such as dopamine or 
epinephrine that will promote vasoconstriction as well as myocardial function. 

VII 28, 29, 30 

7. Epinephrine can be as effective as dopamine in increasing blood pressure in hypotensive VLBW infants, but 
knowledge about epinephrine’s effect on systemic blood flow is limited. 

 
Rationale: Low-dose epinephrine has strong beta- and somewhat weaker alpha-adrenergic effects and 
produces an increase in cardiac output and blood pressure. Cautious stepwise increases in epinephrine 
in hypotensive VLBW infants are not associated with an abnormal neurologic picture, combined adverse 
outcomes (death, cerebral palsy, or profound neurodevelopmental delay), or developmental delay. 

II 25, 28, 31, 32, 
33 

8. The use of hydrocortisone is as effective as dopamine in improving hypotension in VLBW infants, but data 
on the long-term safety of corticosteroids for this use are insufficient. Thus, its use should be reserved for 
infants with refractory hypotension. Hydrocortisone should not be used concurrently with indomethacin. When 
one is considering the use of hydrocortisone for treatment, it may be useful to obtain a baseline serum cortisol 
level; this may identify infants with low levels who will benefit from hydrocortisone treatment. 

 
Rationale: Hydrocortisone has been shown to improve hypotension, increase tissue perfusion, and prevent 
ischemic tissue injury. However, hydrocortisone’s neurodevelopmental effects and long-term effects are 
unclear. Nor is it clear whether longer-term clinical outcomes are improved with the use of hydrocortisone. 
Low baseline serum cortisol levels may identify infants who will benefit from hydrocortisone treatment; 
one study demonstrated that infants with serum cortisol levels below the median who were treated with 
hydrocortisone had increased survival without bronchopulmonary dysplasia when compared to those who did 
not receive hydrocortisone. 

I 
II 
V 
VI 
VII 

34 
35, 36, 37, 38 
39 
40 
41, 42 

9. A single dose of dexamethasone may increase blood pressure in hypotensive VLBW infants, but 
dexamethasone cannot be recommended because of its documented negative effect on neurodevelopmental 
outcomes if given during the first postnatal days. 

 
Rationale: Several studies using both long and short courses of dexamethasone with relatively high doses 
have demonstrated significant effects on central nervous system development. Because of these findings 
and the lack of information on the safety of a short-course, lower-dose dexamethasone for treatment of 
hypotension, it cannot be recommended for use at this time. 

I 
II 
VII 

34 
43, 44, 45, 46 
15 

10. At present, no evidence supports the use of milrinone for the treatment of hypotension in VLBW infants. 
 
Rationale: A double-blinded randomized controlled trial comparing the effectiveness of milrinone versus 
placebo on LSBF in VLBW infants demonstrated that milrinone did not prevent LSBF in these infants. No 
adverse effects were demonstrated with milrinone. 

II 47 

11. Research to recommend the use of dopamine (or other vasopressor-inotropes) for the treatment of 
hypotension related to a patent ductus arteriosus (PDA) in VLBW infants is scant. 

 
Rationale: Only one observational prospective study has been conducted that suggested that dopamine 
increased pulmonary vascular resistance in VLBW infants with hypotension and PDA and thus increased blood 
pressure and systemic blood flow (SVC flow) by decreasing the left-to-right shunt. 

VI 
VII 

48 
49 
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Patients’ Preferences 
Not applicable 

Potential Benefits and Harms 
The primary goal of treating hypotension in VLBW infants 
is to maintain systemic blood flow, preserving end-organ 
perfusion and thus oxygen delivery to  the  tissues. The 
clinical emphasis is generally placed specifically on 
preserving cerebral blood  flow  and  oxygen  delivery.15 

Studies have correlated hypotension with LSBF, decreased 
cerebral blood flow, increased incidence of brain injury, and 
increased adverse neurodevelopmental outcome.8,50,51,52 

Intestinal injury due to decreased organ perfusion has also 
been a concern. 

However,  evidence   exists   that   maintaining   normal 
blood pressure may be only a part of the picture for the 
VLBW infant and that assessment of systemic blood flow 
requires more than measuring systemic blood pressure. 
The interaction among blood pressure, systemic blood flow, 
systemic vascular resistance, and blood flow regulation in 
vital and nonvital organs during transition to extrauterine  
life in the VLBW neonate is complex. Multiple factors—SVC 
flow, pulmonary blood flow, peripheral and pulmonary 
resistances, ductal flow, right ventricular output, immaturity 
of the myocardium, vital organ assignment, disease 
pathology, and tissue oxygen and carbon dioxide levels—are 
important to an understanding of the hemodynamics that 
affect VLBW infants and their well-being.3,11,15 However, 
most of these parameters cannot be continually monitored 
at the patient’s bedside in easily measured absolute 
numbers.  Monitoring  LSBF  is  considered  to  be  important 
for successfully managing the cardiovascular system in the 
VLBW infant,3 but one must keep in mind the limitations of 
the available technologies and remain cognizant of the more 
complex picture when addressing these issues. 

We must be sure that we are not doing more harm 
than good. In fact, we have no convincing evidence that 
treating hypotension in VLBW infants decreases mortality 
and neurologic morbidity,18 and findings from one study 
(albeit a study with limitations) imply that treatment 
may be associated with development of intraventricular 
hemorrhage.53 Recent retrospective studies have also 

suggested that “treated hypotension” is associated with 
adverse outcomes. The results of one study suggested 
that treated hypotension was associated with morbidity 
and hearing loss in VLBW infants.54 Another retrospective 
study demonstrated that treated hypotension in VLBW 
infants was associated with adverse outcomes.55 Although 
these retrospective findings are cautionary for treatment of 
hypotension and demonstrate the need for well-executed 
prospective studies that examine  permissive  hypotension 
and its consequences in this population, it is entirely 
unclear from these studies whether treatment has anything 
to do with the documented association. Indeed, it is 
possible that treatment of hypotension identifies a more 
vulnerable patient population or that treatment was initiated 
too late in the course of the clinical presentation or was 
ineffective, resulting in cerebral hypoperfusion and long- 
term neurodevelopmental disability. 

In summary, any treatment option should be carefully 
examined with these considerations in mind. When any 
vasoactive agent is used, careful titration of the drug 
is critical; only cautious stepwise increases should be 
made. In addition, clinicians need not wait more than 
approximately 3–5 minutes between the dose  changes 
while titrating the drug, as long as drug delivery with 
correct line priming is ensured and the infusion pump has 
been appropriately set up.1,26 

It is imperative that one consider all parameters rather 
than just blood pressure before deciding on specific in- 
terventions for treating hypotension in VLBW infants. This 
guideline is based on the best evidence available through 
both neonatal research and consultation of experts on the 
subject. It suggests a conservative treatment approach that 
is logical, safe, and physiologically based. The insufficient 
fund of knowledge on transitional cardiovascular physiology 
in general and pathophysiology in particular makes estab- 
lishment of strict guidelines on the treatment of hypoten- 
sion in VLBW neonates impossible. This is also the reason 
that clinical studies addressing this question have been 
unable to provide the appropriate information and levels of 
evidence to guide management of neonatal hypotension in 
clinical practice.11 What becomes clear when presenting the 
evidence is how much more we need to know. 
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Algorithm 
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Implementation Considerations 
Management of hypotension in the VLBW infant is a 
complex issue that demands continued scrutiny and well- 
developed research. A key issue in implementing these 
guidelines is the reliable and accurate understanding of 
what constitutes hypotension in VLBW infants. Despite a 
large body of research on the topic, there is still no standard 
definition of hypotension in VLBW infants (especially 
those with birth weights less than 1,000 grams).56,57 In 
addition, the standard definitions that are routinely used are 
supported by a paucity of published literature.54 The authors 
and reviewers of this guideline recognize the importance 
of substantiating our clinical treatment through research 
and ensuring that the treatments used in VLBW infants are 
safe and are associated with positive long-term outcomes. 
We strongly advocate that further research be carried out 
to establish clearer parameters of hypotension in VLBW 
infants, but we recognize that the definitions of hypotension 
used by different clinicians will significantly affect how the 
recommendations in this guideline are interpreted. We 
strongly encourage those who are considering treatment of 

hypotension to use other indirect clinical signs of decreased 
organ perfusion as adjuncts to assessing systemic blood 
flow in the attempt to define the need for blood pressure 
treatment in VLBW infants. These clinical signs include 
changes in urine output, evidence of metabolic acidosis 
with increased serum lactate levels, and possibly increased 
heart rate and capillary refill time.58 

Outcome Review Criteria 
It is difficult to conduct an outcome review on this 
topic without further research on the management of 
hypotension in VLBW neonates. Decreased mortality and 
improved neurodevelopmental outcomes in VLBW infants 
who have been treated for hypotension following this 
guideline are the criteria by which it should ultimately be 
measured. Further evaluation of research within the update 
timeframe of the guideline will allow this judgment to be 
made. 

Update Plan 
This guideline will be updated every 5 years. It will expire in 
2016 and will be updated in 2016. 
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