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Abstract

Premature birth and disruption of the normal maturation process leave the immature ductus
arteriosus unable to respond to postnatal cues for closure. Recent strategies that advocate
conservative management of the patent ductus arteriosus (PDA) in premature infants are
dependent on identification of the symptomatic PDA and understanding the risk factors that
predispose to PDA. Exposure of premature infants to unintended vasodilatory stimuli may be one
of the risk factors for PDA that is under-recognized. In this paper, we summarize the clinical
factors that are associated with PDA and review commonly used neonatal drugs for their
vasodilatory properties. Data demonstrating relaxation of the ductus arteriosus by gentamicin and
other aminoglycoside antibiotics, by cimetidine and other H2 receptor antagonists, and by heparin
are provided as examples of neonatal therapies that have unanticipated effects that may promote
PDA.

Introduction

Postnatal closure of the ductus arteriosus is a critical step in circulatory adaptation to
newborn life. During the immediate postpartum period, ductus closure is preceded by lung
aeration and increased oxygenation, with a subsequent fall in pulmonary vascular resistance,
an increase in systemic vascular resistance, closure of the foramen ovale and reversal of
shunting across the ductus. These hemodynamic changes coincide with a loss of
vasodilatory stimuli and activation of intrinsic contractile mechanisms that facilitate
muscular constriction and occlusion of the ductus lumen.
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An imbalance in vasodilatory and contractile forces may lead to on-going patency of the
ductus arteriosus (PDA) and subsequent physiological compromise. Premature birth
interrupts development of ductus contractile mechanisms and the normal maturation process,
leaving the immature ductus more susceptible to vasodilatory stimuli. In general, immaturity
of the ductus arteriosus is the greatest risk factor for PDA, as reflected by its consistently
strong association with lower birth weight and/or earlier gestational age (Table 1).
Additional factors that are well-known to be associated with PDA include severity of
respiratory distress, sepsis, persistence of blood flow through the ductus lumen, maternal
diabetes, and excess fluid administration. Less consistent findings from various studies also
suggest that PDA may occur in association with furosemide treatment, breech delivery,
IUGR, certain maternal treatments, and other more controversial or less-studied risk factors
(Table 1). PDA in full term as well as in preterm infants is also a feature of numerous
genetic syndromes, and has a heritable component based on its identification at a higher rate
in siblings of affected individuals, the presence of recessive and dominant inheritance
patterns in occurrences of familial PDA, and identification of gene regions or susceptibility
genes that are associated with PDA (Table 1). Exposure to excess vasodilatory stimuli in the
presence of these risk factors may promote ductus relaxation and exacerbate PDA.

Extensive research efforts have focused on understanding the molecular mechanisms of
ductus arteriosus regulation and identifying the clinical factors that are associated with PDA.
Alternatively, it would be helpful to know whether medications that are currently used in
neonatal practice have an adverse impact on the incidence or severity of PDA. Toxicology
studies typically test new drugs for deleterious effects in the fetus and newborn before their
clinical use, but these studies are unlikely to identify a causal relationship to ductus
arteriosus problems unless they are lethal. In addition, the current slow pace of neonatal
pharmacokinetic studies and prospective trials to assess adverse drug effects in ELBW
infants, who are most at risk for PDA, prevents the timely a priori identification of
potentially harmful effects of new compounds on patency of the ductus. As a result, new
drugs or even those that are commonly used in the NICU may have unexpected effects on
the ability of the ductus to spontaneously close, resulting in increased risks for PDA. The
purpose of this article is to review current treatments that may unwittingly contribute to
relaxation of the ductus arteriosus in premature infants.

Drugs or compounds with recognized vasodilatory effects on the ductus

arteriosus

Prostaglandins

Prostaglandins or the cyclooxygenase inhibitors that prevent their synthesis are the most
widely-known agents that affect patency of the ductus arteriosus. In 1973, Coceani and
Olley first reported that E-series prostaglandins induced relaxation of isolated strips of the
sheep ductus arteriosus 1. Subsequent studies have demonstrated that PGE; and PGE, are
the most potent endogenous dilators of the ductus, although PGI, and its metabolites may
also play important vasodilatory roles. Pharmacological agents that specifically stimulate
individual PGE receptor subtypes are under development and may soon be available to
modulate ductus tone 2:3. Other prostanoids may have roles in relaxation of the human
ductus 4, but these have not been clinically demonstrated. An increase in circulating
prostaglandins has been implicated as an underlying cause of PDA in infants with sepsis >:°.
In addition, furosemide treatment as part of the clinical management of PDA may stimulate
excessive prostaglandin synthesis 7+8. These findings suggest that consideration of
inadvertent prostaglandin actions may be warranted under any clinical scenario where
ductus patency is enhanced.
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A constrictive effect of non-steroidal anti-inflammatory drugs (NSAIDs) on the ductus
arteriosus was first suggested in 1969 by unexplained ductus closure in a newborn infant
delivered to a mother who was treated with salicylates for acute polyarthritis 2. Over the
next decade, the constrictive effects of indomethacin and ibuprofen were demonstrated on
the ductus of various lab animals followed by the first successful trials using indomethacin
to close the PDA of premature infants 10:11. Indomethacin freely crosses the placenta and
has increasing contractile effects on the fetal ductus with advancing gestation 12, leading to
cautionary warnings for the use of NSAID-related compounds during the latter part of
pregnancy. Paradoxically, prenatal exposure to NSAIDs is also associated with PDA 13:14,
Although some clinical studies fail to detect this association, animal models now suggest
that injury to the vessel wall 12, alterations in ductus development 16, or upregulation of
other vasodilators 17 may be underlying causes for this effect.

Nitric oxide (NO) is a potent dilator of most vascular beds and has well-described effects on
the ductus arteriosus. Animal studies show that the preterm ductus is more dependent on NO
signaling than the term gestation ductus to maintain its relaxed state in utero 18:19,
Treatment with a combination of NSAIDs and NO synthesis inhibitors produces more potent
ductus constriction than inhibition of either cyclooxygenase or NO synthase alone 20,
corresponding to the synergistic interaction of NO and prostaglandins in ductus regulation
21 Nitroglycerin, nitroprusside, and other pharmaceutical agents that increase nitrates or act
as NO-donors relax ductus tone via stimulation of cGMP and have the potential to dilate the
ductus clinically, although this is not therapeutically beneficial due to the non-specific
nature of the currently available nitrovasodilators. Although the use of inhaled NO for the
treatment of neonatal pulmonary hypertension has the potential to increase PDA rates, this
has not been observed clinically 22:23, The introduction of nitro-NSAIDs and similar novel
NO-donating compounds into clinical practice will require a focused evaluation to determine
whether there are deleterious effects on closure of the ductus arteriosus.

Other DA dilators

Numerous other biological mediators have been identified that have vasodilatory effects on
the ductus. Adenosine-induced dilation of the preconstricted fetal sheep ductus 24 suggests
its role as an endogenous ductus dilator. Adenosine exerts direct actions via one of four
purinergic receptors, but their expression in the ductus has not been fully characterized.
Adenosine also participates in cell signaling as a cyclic purine nucleotide. The cyclic
nucleotides adenosine 3',5’-monophosphate (cAMP) and guanosine 3',5’-monophosphate
(cGMP) play a fundamental role as second messengers in cell-signaling and in inducing
relaxation of most vascular beds, including the ductus. Atrial natriuretic peptide (ANP)
induces vasorelaxation via stimulation of cGMP production, similar to NO. Although ANP
did not affect ductus tone in rabbits 25, potent vasodilatory effects were noted in the ductus
arteriosus of rats, including prevention of postnatal ductus closure 26. Phosphodiesterase
(PDE) inhibitors block cGMP and cAMP catabolism and stimulate vasodilation, including
relaxation of the ductus arteriosus 27. Selective inhibitors are only recognized for a few of
the 11 different PDE family members. However, the PDE3 inhibitors milrinone and
amrinone 26:27 and the PDES5 inhibitor, sildenafil 28, which are currently in use in the
NICU, have consistent vasodilatory effects on the ductus, and have been proposed to serve
an adjunct role in maintaining ductus patency and extending the bridge to corrective surgery
for congenital heart disease. Finally, beta-adrenergic catecholamine receptors also stimulate
vascular smooth muscle relaxation and have been detected in the ductus, although there is
conflicting information on whether they play a vasodilatory role 29:30,
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Therapeutic regimens used in the NICU have the potential to stimulate or block several of
these pathways with resulting alterations in ductus tone. For example caffeine and
theophylline have antagonistic effects on the Al and A2a adenosine receptors, but also play
an important role as phosphodiesterase inhibitors. Although caffeine is widely used in many
NICUs, current evidence suggests that it does not have vasodilatory effects on the ductus 31,
Drugs that are used during pregnancy should also be considered. In particular, tocolytic
agents used to inhibit uterine smooth muscle contraction during preterm labor may have the
unintended consequence of prolonging ductus patency after birth. Most studies on the use of
magnesium sulfate in pregnant women suggest that there is no effect on postnatal ductus
closure rates. However, a few investigators have found a significant relationship between
antenatal magnesium exposure and PDA 32:33  In addition, calcium channel blockers are
used as tocolytic agents and may be associated with PDA 34, Antenatal exposure to ACE
inhibitors, antihistamines, anticonvulsants and other medications are also associated with
increased rates of PDA (Table 1). Concerted efforts to reduce the incidence of PDA in
premature infants will require an increased awareness of treatments that may have
deleterious effects on postnatal ductus constriction, including maternal medications that
cross the placenta.

Drugs with unexpected vasodilatory effects on the ductus arteriosus

Until the mechanisms that regulate the ductus arteriosus are completely defined, the
potential exists for drugs and compounds that are used in the NICU to adversely affect
ductus patency. One strategy to address this problem is to expose the ductus arteriosus to
various vasodilators 2°. Another approach is to survey the drugs that are commonly used in
the NICU to identify agents that have known vasodilatory effects in other vascular beds. The
most frequently used neonatal pharmacopoeias include numerous drugs that have
vasodilatory potential (Table 2). Although the vascular relaxation properties of a given
compound do not necessarily predict an adverse effect on the ductus, caution may be
warranted with these agents due to the early age of exposure in premature neonates and the
prolonged nature of certain drug treatments. Unfortunately, the potential for ductus-specific
effects cannot be easily identified by a general vasodilatory survey. A more common
approach is to exploit the fortuitous discovery of ductus-related drug effects during the
course of neonatal studies. Examples of these approaches are provided herein.

Gentamicin and other aminoglycosides

A hemodynamically significant PDA has adverse effects on renal perfusion and can alter the
volume of distribution of numerous drugs, resulting in concerns for inaccurate gentamicin
dosing in premature newborn infants 3. Conversely, there is little or no information
available on the effect of gentamicin on the PDA, despite the recognized vasodilatory effects
of aminoglycosides in other tissues 36-39,

Our laboratory 16:21 and others 40 have developed methods to study the vascular response of
the surgically isolated ductus arteriosus of fetal and newborn mice. As part of our efforts to
better understand the response of the ductus arteriosus to sepsis and inflammation, we
evaluated changes in ductus tone after in vitro exposure to commonly used neonatal
treatments for infection. With this approach, the ductus arteriosus was excised, mounted on
glass micropipette tips in a microvessel myography chamber, pressurized to physiologic
levels, and studied under low oxygen tension, in order to stimulate relaxation of ductus
smooth muscle and maintain stable resting diameter 21. Changes in vessel tone were
monitored by computer-assisted videotracking of lumen diameter and expressed as percent
change from resting baseline. Exposure to increasing concentrations of gentamicin (Figure
1) or tobramycin (not shown) produced a dose-dependent dilation of the cannulated,
pressurized ductus arteriosus at term (day 19) gestation. Compared to resting baseline
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dimensions, the isolated ductus underwent 60% increase in vessel diameter (Figure 1).
Vessels that were submaximally preconstricted by pre-incubation with U46619 (a
thromboxane mimetic) showed similar results (not shown). These findings suggest that
aminoglycosides have vasodilatory properties in the murine ductus.

The hypotensive and myocardial depressant effects of gentamicin and other aminoglycoside
antibiotics are extensively documented in different species 38:39, Alterations in intracellular
calcium flux are implicated as an underlying mechanism for their cardiac effects 36-38,
Aminoglycosides also inhibit phospholipase C and PLC-induced hydrolysis of inositol
phospholipids, preventing the necessary increase in [Ca%*]; to maintain contractility and
vascular tone #1. Inhibition of phospholipase D, protein kinase C, and inhibition of calcium
channel activity 42 have also been implicated as mechanisms for aminoglycoside-mediated
effects. Although we observed a vasodilatory effect of gentamicin on the murine ductus
arteriosus in vitro, these results occurred at doses 100-1000 fold higher than target serum
levels used in clinical practice, and cannot be extrapolated to human infants until further
studies are performed. Nevertheless, the use of bolus dosing strategies and prolonged
courses of aminoglycosides may have unintended subclinical vasodilatory effects on the
postnatal ductus arteriosus. Aminoglycoside exposure should be considered a factor of
interest in future efforts to identify PDA risk factors.

Cimetidine and other H2 antagonists

Cimetidine and more recently developed H2 receptor antagonists have been used in
premature infants for management of gastroesophageal reflux, treatment of stress-induced
gastritis, and for occasional use as an inhibitor of histamine-mediated inflammatory
conditions. However, cimetidine is also recognized as an inhibitor of the cytochrome P450
(CYP) system, where it is known to interact with the heme iron moiety and bind to
CYP1A2, CYP2C, CYP2D6, CYP3A4 and other CYP family members 43:44, resulting in
competitive and non-competitive enzyme inhibition 45. Certain CYP enzymes are induced
by oxygen exposure and may serve as mediators of oxidant injury. CYP enzyme inhibition
by cimetidine was found to completely block the severe pulmonary effects of exposure to
95% oxygen in newborn lambs 46, possibly by inhibiting the formation of toxic oxygen
metabolites or other free radical species. A follow-up randomized clinical trial was
performed to evaluate whether treatment with cimetidine (0.5 mg/kg/d infusion for 10 days,
starting within 24h of birth) would reduce lung injury in ELBW preterm infants at high risk
for chronic lung disease. Despite therapeutic serum levels, cimetidine did not prevent lung
disease 47 but an increase in PDA was noted in treated infants (34% vs 10%; p=0.012) 48.
This association remained significant after logistic multivariable regression analysis
controlling for the most common predictors of symptomatic PDA.

A role for CYP enzyme activity in regulation of the ductus arteriosus has been extensively
demonstrated by Coceani and colleagues, where CYP enzymes are postulated to serve as a
transducer of oxygen signals and exert their actions via the downstream effector ET-14°.
Although ABT and other biochemical inhibitors were used to evaluate CYP function in the
ductus, clinically relevant CYP inhibitors like cimetidine have not been studied. Using
cannulated vessel myography, as described above, we observed dose-dependent dilation of
the isolated fetal mouse ductus arteriosus in response to cimetidine exposure (Figure 2). The
drug doses that elicited a significant vasodilatory response were several orders of magnitude
higher than the therapeutic levels used in clinical practice. However, 100-1000 fold higher
cimetidine concentrations are typically required to inhibit drug metabolism in vitro
compared with hepatic drug clearance in vivo 4°. Ranitidine, which also has H2 antagonistic
and CYP inhibitory effects, induced a similar vasodilatory response, whereas famotidine, a
selective H2 blocker with little or no CYP inhibitory effects, produced significantly less
dilation of the isolated ductus (not shown). We also found that pre-treatment with cimetidine
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prevented oxygen-induced constriction of the cannulated ductus, while famotidine-exposed
and untreated control vessels progressively constricted in response to increasing oxygen
tension (not shown).

Together, these results suggest that “cimetidine-associated PDA”, based on data from a
randomized clinical trial to evaluate lung-protective strategies, is a valid clinical entity. The
use of antireflux medications is common in premature infants. However, warnings on the
use of H2 blockers due to their potential association with NEC and neonatal sepsis have
prompted concern for their casual use in the NICU population. Our studies indicate that the
CYP inhibitory and PDA-promoting effects of certain H2 blockers should also be taken into
account if these drugs are required in preterm infants.

Heparin remains a mainstay of neonatal practice due to the ongoing need for vascular access
in critically ill infants and well-documented concerns for the thrombogenic nature of
umbilical lines and peripherally-inserted central venous catheters (PCVCs). Meta-analysis of
randomized clinical trials of heparin use in umbilical arterial catheters (UACs) °° and
PCVCs 51 found that heparinized fluids improve UAC and PCVC patency and are generally
not associated with extension of intraventricular hemorrhage, death, or catheter-related
sepsis. None of the studies were powered to evaluate changes in the incidence of other
adverse events, including PDA. Theoretical concerns for PDA exist, however, since most
anticoagulation therapies, including heparin, tissue plasminogen activator, and coumarin
have vasodilatory effects.

The vasodilatory properties of heparin were initially described over 60 years ago °2. Heparin
has anti-hypertensive properties in animals and humans, and has long been recognized as a
cause of hypotension in association with cardiopulmonary bypass procedures. A number of
mechanisms have been identified that mediate heparin-induced changes in cardiovascular
contractility or tone, including sequestration or alterations in calcium availability 33,
increases in histamine 24, inhibition of the renin-angiotensin and aldosterone systems 5°,
induction of NO synthesis 4, and generation of endothelium-derived hyperpolarizing factor
56, In addition to its biochemical and cell-signaling effects, heparin can also relax vascular
tone by interacting with proteins enmeshed in the cell-surface glycocalyx of the endothelium
and impair the normal shear-mediated sensing mechanisms that regulate blood flow 7.

Heparin-induced relaxation of the ductus arteriosus has not been directly observed.
However, Ojala and Lehtonen recently reported an association between PDA treatment
failure and the use of heparin in central lines in preterm infants < 1500g 8. In that study, the
need for PDA ligation after indomethacin treatment was significantly higher in infants who
received 0.6 U/kg/h continuous heparin exposure via PCVC than in infants that received
heparin flushes every 12 hours. Comparison of the 3-month trial period of continuous
heparin infusion to combined 1-year observation periods before and after their change in
practice revealed a 13-fold increase risk for PDA treatment failure. These results remained
significant after logistic multivariable regression analysis. In addition, there was an increase
trend in the need for PDA ligation in infants with continuous heparin infusion via umbilical
or radial arterial catheters compared to infants without arterial catheters. These findings
suggest that continuous heparin exposure may interfere with indomethacin effects or might
have a competing vasodilatory stimulus, possibly via one or more of the heparin-associated
vasodilatory mechanisms above. Although additional information is required to verify these
concerns, the judicious use of heparin in neonatal fluids should be considered. Similarly,
inadvertent placement of a UAC near the ductus should be avoided, since significant left-to-
right shunt and reversal of diastolic flow in the aorta may cause excess exposure of the
ductus to heparin-containing fluids.
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Conclusions

A better understanding of the balance between vasodilatory forces and active closure
mechanisms might provide new information on causes of PDA and help to identify
management strategies to increase the chances of spontaneous closure. Although an ever-
increasing list of factors are associated with PDA (Table 1), it is possible that predisposition
to PDA is enhanced by prolonged exposure to drugs that promote ductus relaxation. It may
be possible to tip the scales in favor of ductus closure by identifying a sufficient number of
pharmacological, nonpharmacological, and biological risk factors for PDA so that a
preventive approach could be developed 59:60. Additional studies are required to determine
the extent to which exposure to heparin, certain H2 blockers, and members of the
aminoglycoside family are significant clinical risk factors for PDA.
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Figure 1. Response of the isolated ductus arteriosus to gentamicin

The ductus arteriosus of term gestation fetal mice was excised and mounted in a cannulated
vessel myograph. Isolated vessels were pressurized to physiological levels under fetal
oxygen conditions and then exposed to increasing doses of gentamicin. Changes in lumen
size are expressed as a percent change from the baseline (BL) vessel diameter after
equilibration. Compared to pretreatment dimensions, gentamicin induced dose-dependent
vasodilation of the ex vivo ductus arteriosus (n = 6).

Semin Perinatol. Author manuscript; available in PMC 2011 June 1.



1dussnuein Joyny vd-HIN 1duosnueln Joyny vd-HIN

1duosnuey JoyIny vd-HIN

Reese et al. Page 13

Cimetidine

W

=

o
]

m Fetal O, (n=13)
e Newborn O, (n=8)

N

=

(=)
1

100+

% Reversal from BL

o
]

Log [M]

Figure 2. Response of the isolated ductus arteriosus to cimetidine

The ductus arteriosus of term gestation fetal mice was excised and mounted in a cannulated
vessel myograph. Isolated vessels were pressurized to physiological levels under fetal
oxygen conditions and then preconstricted either by treatment with the thromboxane agonist
U46619 or by exposure to newborn oxygen conditions. Changes in lumen diameter are
expressed as percent reversal from the preconstricted baseline (BL). Cimetidine stimulated
dose-dependent vasodilation of the ex vivo ductus arteriosus. Cimetidine-induced ductus
relaxation was more prominent under fetal than newborn oxygen conditions. Similar results
were observed in the preterm fetal ductus (not shown). Maximum response curves were
limited by cimetidine solubility.
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Table 1

Factors associated with PDA
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Risk factors for PDA were considered to be well-established if they were identified by studies that sought

causative factors for PDA, remained significant after multivariate analysis, or were consistently observed in
multiple controlled trials in different patient populations. Other factors that have been shown to have an
association with PDA were drawn from single studies, epidemiologic surveys, birth defect registry reports,

case reports, or small studies that did not control for confounding variables. PDA at term (T) gestation is

regarded as a congenital malformation, but these risk factors may also occur in preterm (PT) infants.
Conflicting studies that did not detect an association of PDA with these factors are not presented. Genetic

conditions were considered separately. Only a subset of representative citations are shown for risk factors that
were consistently identified in numerous studies.

Established Risk Factors for PDA

Other Factors Associated with PDA

Early gestational age 59-64

Low birth weight 63.64,73
RDS59.61,64,73

Persistence of DA flow 74

Sepsis 5,6

Excess fluid administration 60,78
Antenatal NSAID exposure 13,14
Initial hypotension 66,73

Need for intubation/airway pressure59'66
Lack of antenatal betamethasone 61
Maternal diabetes (T) 79,85

Birth at high altitude (T) 86,87
Congenital rubella (T) 0

Hypothyroidism (T, PT) 91,92

JUGR59:65 Maternal drugs:

Delay in indocin treatment 62 Antihistamine 66

Furosemide treatment 7+8 Magnesium 32,33

Use of HFOV 75,76 ACE inhibitors 67,68
Race: Anticonvulsants 69
Caucasian (PT) 60,61,66 Ca channel blockers 34
African American (T) 7 Cocaine 70

Gender: Maternal PKU (T) 71,72

Male (PT) 66,79

Female (T) 80,81 Genetic Conditions (T) 82

64 (trisomy 21, 18, 13, Char, Holt-Oram, DiGeorge, Noonan,
Prolonged ROM CHARGE, TAAD/PDA)
Twins’9.88,89

Perinatal stress 99

Antenatal hemorrhage 60,79

Breech 66

Phototherapy 93 Genetic Susceptibility 83,84

Familial PDA 82
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Drugs with the potential to induce vasodilation were identified from available neonatal pharmacopeias.

Table 2

Vasoactive medications commonly used in the NICU

Page 15

Examples of general vasodilatory effects are shown. The ability of these compounds to induce ductus-specific
relaxation remains largely unknown. SVR, systemic vascular resistance; PVR, peripheral vascular resistance;
Ach, acetylcholine. Supporting references available upon request.

Category

Generic Name

Effects

Analgesics and
Sedatives

Antimicrobials

Cardiovascular

Respiratory

Diuretics

Anticonvulsants
GI Drugs
itamins,
Minerals,
Hormones

Morphine
Fentanyl
Methadone
Diazepam
Midazolam
Ketamine

Clonidine

Penicillin G
Gentamicin
Vancomycin

Dopamine

Dobutamine
Milrinone
Sildenafil
Bosentan

Captopril, Enalapril

Losartan

Phentolamine

Nifedipine

Nitric Oxide (iNO)
Sodium nitroprusside
Caffeine
Aminophilline
Furosemide

Phenobarbital

Omeprazole
Cholecalciferol
Vitamin E
Calcium
Phophate
Magnesium

Ferric Gluconate

Vasorelaxant effects: Fentanyl > Morphine
Vasorelaxant effects

Functions as calcium antagonist

Synergistic with cAMP-elevating agents

Vasodilation, esp. prostaglandin pre-contracted vessels
In-vitro vasodilatory effects

Centrally acting sympatholytic: blocks sympathetic
activity by binding to and activating o2-adrenoceptors

Nafcillin-induced vasodilation and decr SVR, PVR
See discussion
Decr BP due to histamine, myocard depr and vasodilation

Mimics sympathetic adrenergics via -adrenoceptors;
dilation of Ig conductance and small resistance vessels

Dose-dependent reductions in SVR

See discussion

See discussion

Vasodilation by non-selective ET-1 receptor antagonism

ACE/kininase inhibition; incr tissue concentration of
kinins, contributes to vasodilatory effects

Inhibits AT(1)-mediated constrictive and antidiuretic
effects of angiotensin; activates vasodilating and diuretic
AT(2) receptors

a-adrenoceptor antag; endothelium-independent vasodil.

Reduces SVR and arterial pressure; can lead to reflex
cardiac stimulation

See discussion

SNP decomposes intravascularly to release NO
Dose-dependent relaxation of various arteries.

Incr in adenosine contributes to hypox-induced vasodil.
See discussion

Increased potency of acetylcholine as an endothelium-
dependent vasodilator

Induces relaxation of isolated human arteries
Ach-induced vasorelaxation is preserved/restored
Increases production of vasodilator prostanoids

High calcium diet improves vasorelaxation

Impairs vasorelaxation

Dilates both epicardial and resistance coronary arteries

Intravenous form has a vasodilatory effect
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Category Generic Name Effects
Insulin Dose-dependent effects in the cerebral vasculature;
Biphasic response: initial vasoconstr, then vasodilation
Heparin See discussion
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