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Abstract
Intravenous (IV) vasopressors are essential in the management of hypotension 
and shock. Initiation of oral vasoactive agents to facilitate weaning of IV 
vasopressors to liberate patients from the intensive care unit is common despite 
conflicting evidence regarding the benefits of this practice. While midodrine 
appears to be the most frequently studied oral vasoactive agent for this purpose, 
its adverse effect profile may preclude its use in certain populations. In addition, 
some patients may require persistent use of IV vasopressors for hypotension 
refractory to midodrine. The use of additional and alternative oral vasoactive 
agents bearing different mechanisms of action is emerging. This article provides a 
comprehensive review of the pharmacology, clinical uses, dosing strategies, and 
safety considerations of oral vasoactive agents and their application in the inten-
sive care setting.

Key Words: Vasopressor; Shock; Hypotension; Midodrine; Droxidopa; Atomoxetine; 
Pseudoephedrine
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Core Tip: This paper sets to explore the evolving role of oral blood pressure augmenting agents in the intensive care setting. 
With their ability to increase blood pressure through direct or indirect vasoconstriction, these agents have been increasingly 
utilized to facilitate weaning from intravenous (IV) vasopressors. Use of these agents may have a role in reducing IV 
vasopressor exposure, intensive care unit lengths of stay, and overall healthcare resource utilization. Despite being 
commonly used, their role in practice should be tempered by lack of demonstrable efficacy in major trials and important 
adverse effect considerations.

Citation: Robinson JC, ElSaban M, Smischney NJ, Wieruszewski PM. Oral blood pressure augmenting agents for intravenous 
vasopressor weaning. World J Clin Cases 2024; 12(36): 6892-6904
URL: https://www.wjgnet.com/2307-8960/full/v12/i36/6892.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i36.6892

INTRODUCTION
Arterial hypotension is amongst the most commonly encountered conditions in critically ill persons, with incidence rates 
ranging between 36% to 75%[1,2]. Vasopressors increase arterial blood pressure through direct vascular smooth muscle 
constriction and are an essential component of hypotension and shock management in intensive care settings[1,2]. While 
guidance on the initiation of vasopressors has long been established including agent selection, initiation timing, and 
indications[3-5], far less evidence on strategies for weaning and discontinuation of vasopressors exists[6,7]. Additionally, 
vasopressor use has become more common in the management of various etiologies of shock with an estimated use 
among 27% of intensive care unit (ICU) admissions[8] as increased evidence reveals improved outcomes with early 
initiation of vasopressor therapy[9,10]. Hence, the need to explore the evidence around vasopressor weaning and discon-
tinuation becomes essential.

Once underlying shock pathologies have been corrected, continued vasopressor administration may constitute 
unnecessary intensive care resource utilization and confer undue risks[11,12]. To this end, there has been increasing 
interest in the application of oral blood pressure agents to facilitate separation from intravenous (IV) vasopressors as a 
mechanism to expedite intensive care discharge and bridge to recovery following shock. In this review, we evaluate 
various oral blood pressure augmenting agents that have been used to facilitate IV vasopressor weaning, including their 
pharmacology, physiologic mechanisms, clinical uses reported in the literature, and dosing and safety considerations for 
use. The specific agents that have been used for vasopressor weaning and reviewed herein include midodrine, droxidopa, 
pseudoephedrine, atomoxetine, and desmopressin.

PHARMACOLOGY
Oral vasoactive agents exert their hemodynamic effects through a variety of mechanisms. Most of these agents increase 
systemic vascular resistance through direct and/or indirect activation of α1-adrenergic receptors (Figure 1). Agonism of α1

-receptors in vascular smooth muscle causes Gq-activation of phospholipase C, which generates inositol-1,4,5-
triphosphate and diacylglycerol, secondary messengers that lead to mobilization of intracellular calcium, an influx of 
calcium, and subsequent smooth muscle contraction (Figure 1)[13].

Midodrine is rapidly metabolized by deglycination to its active metabolite, desglymidodrine, a selective, peripherally 
acting, α1-receptor agonist[14,15]. Intraneuronally, droxidopa is converted to norepinephrine by aromatic amino acid 
decarboxylase, which is then released upon neuronal depolarization[16]. The conversion of droxidopa to norepinephrine 
also occurs in non-neuronal tissues leading to an increase in circulating norepinephrine[16,17]. In presynaptic neurons, 
pseudoephedrine stimulates vesicular release of endogenous norepinephrine[18]. Pseudoephedrine also directly 
stimulates α1 and β-adrenergic receptors[18]. Atomoxetine is a selective norepinephrine transporter inhibitor that 
increases availability of norepinephrine in the synaptic cleft[19]. Therefore, droxidopa, pseudoephedrine, and 
atomoxetine exert their blood pressure raising effects through endogenous norepinephrine. Oral desmopressin, a 
synthetic analogue of vasopressin with more antidiuretic activity and minimal pressor activity[20] is generally not 
considered an oral vasoactive agent but was used to wean norepinephrine in one prospective trial[21].

In addition to having different mechanisms of action, oral vasoactive agents also vary based on their pharmacokinetic 
properties (Table 1)[17,22-25]. Since midodrine, droxidopa, and pseudoephedrine have relatively short elimination half-
lives, more frequent dosing is required to achieve the desired pharmacodynamic effects. Midodrine’s active metabolite, 
desglymidodrine[22], and pseudoephedrine[23] are renally eliminated and dose adjustments should be considered in the 
setting of renal dysfunction. Atomoxetine, on the other hand, has a longer half-life and is typically dosed once daily with 
dose reductions required in the setting of hepatic dysfunction[24].

https://www.wjgnet.com/2307-8960/full/v12/i36/6892.htm
https://dx.doi.org/10.12998/wjcc.v12.i36.6892
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Table 1 Pharmacology and overview of oral blood pressure augmenting agents

Agent Onset Half-life Metabolism Special considerations

Midodrine, 
desglymidodrine

1 hour 0.5 hour, 3-
4 hours

Rapid deglycination to desglymidodrine Avoid during bradycardia. Dose reductions 
necessary in renal dysfunction

Droxidopa 1 hour 2-3 hours Metabolized to norepinephrine via the catecholamine 
pathway

Recent data suggests that capsule may be 
opened and administered via feeding tube

Pseudoephedrine 0.5 
hour

3-16 hours1 Not substantially metabolized Dose reductions should be considered in renal 
dysfunction

Atomoxetine 1 hour 5-24 hours2 Hepatic, cytochrome P4502D6 (major) and cytochrome 
P450 family 2 subfamily C member 19 (minor)

Avoid during agitated delirium. Dose 
reductions necessary in hepatic dysfunction

1Half-life prolonged with elevated urine potentiel d'hydrogène.
2Half-life prolonged in cytochrome P4502D6 poor metabolizers.

Figure 1 Oral blood pressure augmenting agents’ mechanism of action. A1: Alpha1; AADC: Aromatic amino acid decarboxylase; ADP: Adenosine 
diphosphate; ATP: Adenosine triphosphate; Ca2+: Calcium cation; DAG: Diacylglycerol; DG: Deglycination; IP3: Inositol-1,4,5-triphosphate; MLC: Myosin light chain; 
MLCK: Myosin light chain kinase; MLCP: Myosin light chain phosphatase; P: Phosphorus; PIP2: Phosphatidylinositol-4,5-bisphosphate; PLC: Phospholipase C; SR: 
Sarcoplasmic reticulum.
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CLINICAL APPLICATIONS
Midodrine
Midodrine is approved by the United States Food and Drug Administration for treatment of orthostatic hypotension and 
dysautonomia[26]. Unlike other agents, midodrine is unique in that it is effective through parenteral and enteral routes 
with 90% bioavailability allowing for oral formulation use. It is a prodrug that undergoes conversion to its active 
metabolite desglymidodrine through the liver. This metabolite is a selective α1-receptor agonist that acts through vasocon-
striction of venous and arteriolar systems. Plasma concentrations of the prodrug peak in 30 minutes, while the active 
metabolite’s plasma concentrations peak in about 2 hours (with a half-life of 3-4 hours).

INTRA-DIALYTIC HYPOTENSION
Midodrine has been explored in the management of intra-dialytic hypotension, a phenomenon observed in a subset of 
dialysis patients that is thought to be related to the complex interplay between patient factors such as cardiac output and 
vascular tone and dialysis factors such as ultrafiltration rate and dialysate choice. A systematic review and meta-analysis 
of 10 studies and 117 patients found that the use of midodrine was associated with reduced hypotension during dialysis 
by improved blood pressure of 13.3 mmHg (95%CI: 8.6–18.0) in the midodrine group[27]. While that review was limited 
due to a small patient population, another extensive observational study matched 1046 patients who received midodrine 
for intra-dialytic hypotension to 2037 unexposed controls. This study found a higher incidence rate ratio of mortality 
(1.37, 95%CI: 1.15-1.62) and hospitalization (1.31, 95%CI: 1.19-1.43) with midodrine use[28].

HEPATORENAL SYNDROME
Midodrine has been used off-label in the management of hepatorenal syndrome associated with acute renal failure[29,
30]. When used alone, no positive outcomes were found[31]. Additionally, the combination of midodrine and octreotide 
was found to be less effective in clinical outcomes than using terlipressin and albumin[32].

IV VASOPRESSOR WEANING
Midodrine is the most studied oral agent for vasopressor weaning in the intensive care setting (Table 2)[21,25,33-49]. In 
2008, the use of midodrine as an alternative to IV vasopressors was well tolerated and associated with lower cost of 
hospitalization in a case series of patients with hypotension associated carotid artery stenting[33]. Five years later, the use 
of midodrine to facilitate IV vasopressor weaning was evaluated in a prospective study including 20 surgical ICU patients 
receiving IV vasopressors that otherwise met criteria for ICU discharge. In this study, the rate of vasopressor discon-
tinuation was significantly faster after initiation of midodrine[34], but there was no control group to evaluate the 
potential impact on ICU length of stay (LOS). In a retrospective study of 188 patients (94 midodrine and 94 control), the 
median time to IV vasopressor discontinuation after midodrine initiation was 1.2 days. However, this outcome was not 
compared to the control group. Discharge from the ICU occurred sooner after IV vasopressor discontinuation in the 
midodrine group (0.8 days) compared to the control group (1.5 days), P = 0.01. However, there was no difference in ICU 
LOS; and hospital LOS was longer in the midodrine group[35]. Despite equivocal results from multiple observational 
studies, midodrine was increasingly used as an oral vasoactive weaning agent[50] and an interventional study was 
warranted.

In 2020, the landmark MIDAS trial was published with results that halted some of the enthusiasm with using 
midodrine to wean IV vasopressors[36]. The primary outcome revealed no significant benefit in median time to vasopre-
ssor discontinuation with midodrine [23.5 hours, interquartile range (IQR): 10-54 hours] compared to placebo (22.5 hours, 
IQR: 10.4-40 hours)[36]. Consequentially, midodrine was associated with a 7.6% incidence of bradycardia (0% in placebo). 
This double-blinded randomized controlled trial (RCT) has multiple strengths including heightened validity with blin-
ding, as well as its multi-center design increasing external validity. Interestingly, baseline mean arterial pressure (MAP) 
in both groups was > 70 mmHg while on low-dose vasoactive support, which raises the question whether vasoactive 
support may have been discontinued safely and sooner with a lower MAP goal.

Two recent RCTs[21,37] revealed a reduction in IV vasopressor duration with the use of midodrine. Though limitations 
of these trials include their single center designs and increased risk of bias due to lack of blinding. Most recently, a meta-
analysis that included four RCTs and 314 patients did not show any significant differences in total IV vasopressor 
duration or time-to-IV vasopressor discontinuation between the midodrine and control groups[51].

Droxidopa
Droxidopa is available in an oral capsule formulation and is approved for the treatment of neurogenic orthostatic 
hypotension. Droxidopa has been used to facilitate the weaning of IV vasopressors, but literature is limited to case reports 
and retrospective case series. In one case report, droxidopa was utilized in a patient with persistent vasoplegic syndrome 
post-cardiac transplant that was unresponsive to midodrine. In this case, droxidopa reduced vasoactive requirements and 
was well tolerated with a dose titrated to 600 mg four times per day[38]. Droxidopa was also used to facilitate IV 
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Table 2 Summary of evidence for use of oral blood pressure augmenting agents in vasopressor weaning

Drug Ref. Study type Population Drug dosing Duration of IVV ICU LOS Adverse reactions Outcomes

Sharma et 
al[33], 2008

Case series Coronary artery 
stenting (n = 55), 
midodrine (n = 4), 
dopamine (n = 11)

10 mg Q8H x 3 doses 15 hours in dopamine 
group and 0 hour in 
midodrine group

2 days vs 0 
day

None Midodrine was well tolerated. Cost of 
hospitalization was higher in the 
dopamine group because of the need for 
ICU admission

Levine et al
[34], 2013

Prospective Surgical ICU (n = 20) 5-20 mg Q8H Median 17 hours after 
midodrine initiation

NR NR The change in IVV rate decreased from -
0.62 to –2.20 mcg/minutes/hour of 
phenylephrine equivalents following the 
initiation midodrine, P = 0.01

Poveromo 
et al[35], 
2016

Retrospective Mixed ICU (n = 188) 10 mg Q8H Median 1.2 days (0.5–2.8 
days) after midodrine 
initiation (not compared to 
control group)

No difference Bradycardia in 12.8% midodrine group vs 
0% in control group

Discharge from the ICU occurred sooner 
after IVV discontinuation in the 
midodrine group compared to the control 
group (0.8 days vs 1.5 days, P = 0.01). 
There was no difference in ICU LOS; and 
hospital LOS was longer in the midodrine 
group

Whitson et 
al[45], 2016

Retrospective MICU, septic shock (n = 
275), IVV only (n = 140), 
IVV plus midodrine (n = 
135)

10 mg Q8H Mean duration 3.8 vs 2.9 
days, P < 0.001

9.4 vs 7.5 
days, P = 0.02

Bradycardia requiring midodrine discon-
tinuation in 1 patient

Midodrine decreased duration of IVV use 
and ICU LOS

Rizvi et al
[48], 2019

Observational ICU patients that 
received midodrine and 
survived to discharge (n 
= 1119)

5-30 mg Q8H NA NA NA The study assessed continuation of 
midodrine during transition of care and 
34% of patients were continued on 
midodrine at hospital discharge

Tremblay 
et al[47], 
2020

Retrospective Cardiac surgery 
patients (n = 148), IVV 
only (n = 74), IVV plus 
midodrine (n = 74)

10 mg Q8H Median duration 44 hours 
(26-66 hours) vs 63 hours 
(40-86.5 hours), P = 0.05

68 hours (48-
99 hours) vs 
99 hours (68-
146 hours), P 
< 0.01

No significant difference in acute kidney 
injury

Negative results with midodrine use 
association with an increased ICU LOS

Santer et al
[36], 2020

RCT ICU patients (n = 132), 
midodrine (n = 66), 
placebo (n = 66)

20 mg Q8H Median duration 23.5 
hours (10.0–54.0 hours) vs 
22.5 hours (10.4–40.0 
hours), P = 0.62

6.0 days 
(5.0–8.0 days) 
vs 6.0 days 
(4.0–8.0 days), 
P = 0.46

Bradycardia 5 (7.6%) vs 0 (0%), P = 0.02 No difference in IVV use duration or ICU 
LOS

Macielak et 
al[46], 2021

Observational ICU and floor patients, (
n = 44), received IVV (n 
= 23)

5-20 mg Q6H NR 12 days (5–27 
days) 

The 1 case of mesenteric ischemia NEE requirements decreased from 0.1 to 
0.05 norepinephrine equivalents at 24 
hours after midodrine was ordered for 
Q6H

Lal et al
[49], 2021

RCT MICU (n = 32), 
midodine (n = 17), 
placebo (n = 15)

10 mg Q8H Median duration 14.5 
hours ± 8.1 hours vs 18.8 
hours ± 7.1 hours, P = 0.19

2.29 days vs 
2.45 days, P = 
0.36

No major adverse events Study not powered to detect statistically 
significant results

Adly et al Median duration NE 4 Use of midodrine resulted in reduced 

Midodrine

RCT Septic shock (n = 60) 10mg Q8H NR NR
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[37], 2022 days with midodrine vs 6 
days control, P < 0.01

IVV duration and improved mortality 
rates

Zundel et 
al[38], 2016

Case report 53F with vasoplegic 
shock post cardiac 
transplant

Titrated to 600 mg 4× 
daily.

Not weaned off despite 10 
days of droxidopa

NR No apparent adverse effects Droxidopa temporarily increased MAP 
and reduction in vasoactive requirements 
after midodrine was not effective. Patient 
died on post-op day 60 with multiorgan 
failure

Hong et al
[40], 2022

Retrospective The 64M with SS and 
midodrine-induced 
bradycardia. The 73M 
with SS and midodrine-
induced bradycardia

100 mg TID, 100 mg 
BID titrated up to 600 
mg TID

The 1 day after droxidopa 
initiation and MAP goal 
reduction. The 9 days after 
starting droxidopa and 5 
days after restarting 
midodrine

NR NR Droxidopa was weaned off prior to 
patient discharge. Droxidopa in 
combination with midodrine led to 
avoidance of pacemaker placement. 
Patient was discharged to rehabilitation 
on droxidopa and midodrine

Noble et al
[39], 2023

Case report The 57F with persistent 
hypotension despite 
midodrine

100 mg TID titrated to 
500 mg TID

3 days after droxidopa 
initiation

NR NR After initiation of droxidopa the patient 
was weaned off IVV and continuous 
renal replacement therapy and ultimately 
discharged home on droxidopa

Droxidopa

Webb et al
[25], 2024

Retrospective n = 21 (80.5% cardiac 
ICU) with persistent 
hypotension despite 
midodrine

Most frequent starting 
dose 100 mg TID. Max 
dose: 600 mg TID 

Median time to discon-
tinuation 87 hours 
(interquartile range 34-
175)

NR Similar rates of tachycardia pre- and post-
initiation

NEE requirements were lower after 
initiation of droxidopa in patients that 
were trial on alternative oral vasoactive 
agents prior to droxidopa. About half of 
the patients died in the hospital. The 
number of patients discharged on 
droxidopa was not reported

Patterson 
et al[41], 
2008

Case report The 77F with idiopathic 
autonomic dysfunction

60 mg Q8H and 
tapered to 60 mg Q6H

NR NR NR Norepinephrine was weaned off 
temporarily within 14 hours of PSE 
initiation, but frequency was increased to 
Q6H to permanently liberate patient from 
IVV

Curran et al
[42], 2023

Case report Male in 40s with 
autonomic dysfunction 
and refractory 
bradycardia and 
hypotension on 
midodrine at home

60 mg Q6H that was 
weaned off within 7 
days

< 24 hours NR NR Addition of PSE facilitated IVV weaning 
in a patient with bradycardia and 
hypotension refractory to midodrine

Pseudoephedrine

Wood et al
[43], 2014

Case series n = 38 SS Daily PSE dose varied 
widely (30–720 mg)

The mean time to discon-
tinuation of vasopressors 
and/or atropine was 8 
days

Mean: 39 days No adverse events directly attributed to 
PSE therapy were documented

‘Success’: Vasopressor discontinuation or 
decreased use of atropine was achieved 
in 82% of patients

Hypertension requiring treatment in 2 
patients receiving atomoxetine and in 2 
patients receiving both. Ischemic bowel 
complication in 1 patient receiving 
atomoxetine and 1 patient receiving both. 
New onset arrhythmia in 3 patients 
receiving atomoxetine and 2 patients 

Atomoxetine Lessing et 
al[44], 2024

Retrospective Congenital tracheal 
stenosis patients with 
midodrine-refractory 
hypotension (n = 45), 
atomoxetine (n = 18), 
droxidopa (n = 17), both 
(n = 10) 

Starting daily dose: 
Atomoxetine 10-20 mg; 
droxidopa 300 mg. 
Maximum daily dose: 
Atomoxetine 40 mg; 
droxidopa 1800 mg

Median time to discon-
tinuation 21.9 days vs 8 
days vs 13.9 days, P = 0.26 

Median: 30 
days vs 18 
days vs 35 
days

There was no difference in IVV duration 
or LOS. A higher percentage of patients 
who survived to hospital discharge 
received both study medications or 
droxidopa alone (90% vs 76.5%) 
compared to atomoxetine alone (44.4%, P 
= 0.03)
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receiving droxidopa and 1 patient receiving 
both

Desmopressin Ahmed et 
al[21], 2022

RCT SS, control (n = 30), 
midodrine (n = 30), 
minirin (n = 30)

Midodrine 10 mg Q8H. 
Minirin 60 mcg Q8H

Control 6.93 days, 
midodine3.3 days, minirin 
4.8 days, P <0.01

9.03 days, 5.13 
days, 5.5 
days, P < 0.01

NR Midodrine and minirin use significantly 
reduced duration of pressors and ICU 
LOS. Duration of pressors was shorter in 
midodrine group compared to 
midodrine, but ICU LOS was similar 
between these two groups

ICU: Intensive care unit; IVV: Intravenous vasopressor; LOS: Length of stay; MAP: Mean arterial pressure; MICU: Medical intensive care unit; NA: Not available; NEE: Norepinephrine equivalents; NR: Not reported; PSE: 
Pseudoephedrine; RCT: Randomized control trial; SS: Spinal shock.

vasopressor weaning and liberation from continuous renal replacement therapy in a patient with persistent hypotension 
and renal failure[51]. Additionally, the use of droxidopa was described in two patients with spinal shock and midodrine-
induced bradycardia[40].

The package labeling of droxidopa states that capsules should be administered whole. However, the administration of 
droxidopa via gastric tube was recently described in a retrospective case series of 954 droxidopa doses that were 
administered via gastric tube to 21 patients (81% cardiac ICU) for the purpose of vasopressor weaning[25]. When 
compared to 24 hours prior to droxidopa initiation, there were similar rates of tachycardia, less hypotension, and lower 
mean norepinephrine requirements following droxidopa. Additionally, at least one other oral vasoactive agent was 
trialed prior to droxidopa initiation and the median time to vasopressor discontinuation was 87 hours. In contrast to 
midodrine, a pure α1-receptor agonist, droxidopa is converted to norepinephrine, which also acts on cardiac β1 receptors, 
which could be advantageous for weaning IV vasoactive support in cardiac surgery patients or in patients with sinus 
bradycardia.

Pseudoephedrine
Pseudoephedrine is available for the treatment of temporary relief of symptomatic nasal congestion[52,53]. This agent has 
also been used off-label for the treatment of hyperlactation[54] and is notoriously abused in the clandestine manufac-
turing of illicit methamphetamine[55]. Successful use of pseudoephedrine to wean IV vasopressors in patients with 
autonomic dysfunction has been described in case reports[41,42]. The largest study to date evaluating the use of 
pseudoephedrine as an oral vasopressor agent is a case series of 38 patients with neurogenic shock after spinal cord injury
[43]. In this study, the effect of pseudoephedrine was classified as: (1) ‘Success’: Vasopressor discontinuation or decreased 
use of atropine; (2) ‘Failure’: Not meeting one of the success criteria; and (3) ‘Inconclusive’: Presence of confounding 
factors such as restarting vasopressors for another indication. Pseudoephedrine was successful in 82% of patients, failed 
in 5% of patients, and was inconclusive in 13% of patients. The mean time to discontinuation of vasopressors and/or 
atropine was 8 days. Additionally, the mean duration of pseudoephedrine use was 32 days. Information was collected 
through 7 days after pseudoephedrine was discontinued or until the date the patient was discharged; and most surviving 
patients (64.5%) were discharged on pseudoephedrine. No adverse effects related to pseudoephedrine were reported in 
this study[43]. Pseudoephedrine is readily accessible and since it agonizes β adrenergic receptors, it may be considered 
for use in the setting of sinus bradycardia.
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Atomoxetine
Atomoxetine is approved for the treatment of attention-deficit/hyperactivity disorder[56]. This agent has also been used 
off label for the treatment of neurogenic orthostatic hypotension[57,58]. Literature evaluating the use of atomoxetine as an 
adjunctive agent to wean IV vasopressors is sparse. A recent retrospective cohort reported critically ill cardiothoracic 
surgery patients with refractory hypotension despite midodrine who were treated with either atomoxetine (n = 18), 
droxidopa (n = 17), or both (n = 10)[44]. The median time to discontinuation of IV vasoactive agents was not different 
between the groups (21.9 days vs 8.0 days vs 13.9 days, respectively; P = 0.26). There were no differences in ICU or 
hospital lengths of stay. Of note, baseline total daily midodrine doses were significantly different between groups (45 mg 
vs 60 mg vs 15 mg, respectively; P < 0.01), which could confound the results of this study.

Desmopressin acetate
Desmopressin acetate is available in an oral tablet formulation used for treating central diabetes insipidus[20], refractory 
nocturia[59], and primary nocturnal enuresis[60-62] due to its water-retaining effects. Desmopressin has minimal pressor 
activity due to substitution of D-arginine for L-arginine in position 8 of arginine vasopressin which prevents engagement 
of vasopressin V1a receptors[20].

Desmopressin has been assessed as a strategy to wean norepinephrine in patients with spinal shock in a recent 
randomized trial[21]. In this trial, hemodynamically stable patients without renal failure on low-dose norepinephrine (< 8 
mcg/minute) for at least 24 hours were randomized to receive midodrine 10 mg every 8 hours, minirin (oral desmo-
pressin acetate) 60 mcg every 8 hours, or no intervention. The duration on IV vasopressors was significantly shorter in the 
midodrine (3.3 days) than minirin (4.8 days) group (P < 0.01), while both were shorter than the control (6.93 days) group (
P < 0.01). Furthermore, the midodrine (5.13 days) and minirin (5.5 days) groups spent less time in the ICU compared to 
the control group (9.03 days), however there was no difference between midodrine and minirin groups. Patients in the 
midodrine and control groups received more total fluid intake compared to patients in the minirin group, which may 
have been due to the antidiuretic effects of desmopressin[21]. The results of this study suggest that desmopressin may be 
a useful adjunctive agent to wean vasoactive agents when midodrine is not available or suitable.

SAFETY AND CONSIDERATIONS
Adverse reactions
The most commonly reported adverse reactions with the various oral blood pressure augmenting agents are those 
associated with vasoconstriction including supine hypertension and severe hypertension requiring pharmacologic 
intervention[36,44,63]. Additionally with its unopposed alpha agonism, bradycardia is commonly reported when 
midodrine is used for vasopressor weaning[36,40,45,64]. In a meta-analysis, midodrine was found to have over 5-fold 
greater risk of bradycardia compared to placebo (relative risk = 5.56, 95%CI: 1.54-20.05, P = 0.01)[51]. Oral pseudoep-
hedrine[42] and droxidopa[40] have been used for persistent bradycardia in the setting of high dose midodrine. 
Importantly, potentially due to excessive constriction of microcirculatory beds, ischemic bowel complications have been 
reported with midodrine[46,47,50], droxidopa[44], pseudoephedrine[65,66], and atomoxetine[44]. Other reported adverse 
events include tachyarrhythmias[25,36,44,47] and specifically with atomoxetine, agitation and delirium requiring drug 
cessation[44]. Additionally, the main adverse reaction of desmopressin is dilutional hyponatremia secondary to its antidi-
uretic effect[67].

Cost
There are many purported cost benefits of employing oral blood pressure augmenting agents, namely sparing central 
catheters and invasive hemodynamic monitoring, as well as reduced hospital expenses from shorter lengths of stay. 
Although some have reported cost reductions, such claims are implied based on minimization or avoidance of ICU 
admission rather than direct cost analysis[33,38,39]. Overall, cost benefits remain theoretical and formal economic 
evaluations of oral blood pressure augmenting agents are lacking. The LIBERATE trial, a placebo randomized comparator 
assessing midodrine in those with stable or decreasing vasopressors will include a comprehensive health economic 
analysis[68].

Continuation on discharge
When oral agents are used for the purposes of weaning IV vasopressors, the goal should remain to taper, and discontinue 
those oral agents as quickly as possible. In one cohort study of 1010 started on midodrine to wean from vasopressors, 
about two-thirds were discharged from the ICU still on midodrine and one-third were discharged from the hospital still 
on midodrine[48]. There are several safety considerations with discharging patients out of the ICU and hospital while still 
on oral blood pressure augmenting agents. Outside of the care of intensive care specialists, there may be less attention to 
hemodynamic monitoring, and subclinical hypoperfusion may persist despite the use of oral agents, prompting the need 
for additional workup to identify uncorrected pathologies[69]. Additionally, the ability to monitor for supine hy-
pertension is diminished in the ambulatory setting, which is particularly relevant as these agents are used continuously 
around the clock for vasopressor weaning. With midodrine, for example, this is contrary to the outpatient usage for 
orthostatic hypotension, which intentionally avoids nighttime dosages due to this risk[70]. Cases of peripheral and 
mesenteric ischemia have also been documented with prolonged outpatient use of oral alpha agonists[65,66,71]. Patients 
discharged from the hospital with midodrine prescriptions had 60% greater risk of 1-year mortality[48]. This may suggest 
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that adverse events are under-reported in the literature and perhaps persistent subclinical hypoperfusion lacking 
adequate workup may be contributory to poor outcomes, adding justification to quick tapering and discontinuation of 
these agents.

FUTURE OUTLOOKS
Dosing optimization
Midodrine dosing is not standardized in the critically ill and thus studies have applied widely variable dosing strategies. 
In contrast to typical dosing for orthostatic hypotension of 2.5 mg to 10 mg thrice daily (upon awakening, at midday, and 
in the late afternoon)[72,73], midodrine dosing for the purpose of weaning vasoactive support is much higher and with a 
consistent, around-the-clock interval. Based on available RCTs, the most common dosing strategy is 10 mg every 8 hours, 
with the MIDAS clinical trial utilizing a dosing strategy of 20 mg every 8 hours[36,70]. However, even with the higher 
dosing strategy used in the MIDAS trial, midodrine use was not significantly associated with reductions in ICU/hospital 
LOS nor time to discontinuation of IV vasopressors, which represents the most common reason for midodrine use in the 
ICU[70]. One clinical trial from Egypt did find a significant reduction in median time to IV vasopressor cessation while 
also finding a significant reduction in ICU LOS[21]. However, this trial and others have all used fixed dosing strategies 
which may be a reason why most trials found no significant associations with midodrine use and vasopressor weaning 
and/or ICU LOS. A titratable dosing strategy is more compatible with the application of IV vasopressors in the ICU 
which are adjusted to a specific MAP[74] and thus, this strategy may yield different results. Another reason for lack of 
benefit in the ICU population may be enteral drug formulation. Oral bioavailability is altered in the critically ill and likely 
unpredictable, thus limiting the clinical efficacy of orally administered medications to this population[75]. Moreover, the 
majority of studies assessing midodrine in the ICU have been evaluated in a heterogenous group of ICU patients. 
Perhaps, specific subsets of ICU patients may benefit more from midodrine use than others, as demonstrated by the 
MIDAS trial in which patients with neurogenic vasoplegia from epidural analgesia had significantly shorter durations of 
IV vasopressor therapy with the use of midodrine.

Finally, clinical trials that have failed to show a benefit for midodrine use in the ICU regarding cessation of vasopressor 
therapy or ICU LOS may be a result of inadequate dosing frequency given the drug’s short half-life of 3-4 hours. 
Therefore, a dosing strategy that is more frequent and consistent with its pharmacokinetic profile may result in a 
beneficial effect on weaning vasopressors or ICU LOS. For example, retrospective studies that have used more frequent 
(every 6 hours or four-times daily) dosing of midodrine have demonstrated significant reductions in vasopressor 
requirements (median reduction of 97.3%[34] and mean reduction of 40%[46] at 24 hours post drug initiation). One 
retrospective study using doses as high as 40 mg every 8 hours demonstrated reductions in IV vasopressor duration and 
ICU LOS[45]. Although higher doses may prove to be useful in the future, these higher doses may be hindered by 
resulting bradycardia, which has been documented in the MIDAS trial.

Future research priorities
Future areas of focus for oral vasoactive agents in the ICU population include timing of use (early vs late), optimal dose, 
dosing frequency, patient selection, titration protocols for specific MAP goal, adverse effects of higher dosing strategies, 
and additional long-term outcomes of oral vasoactive agents in the ICU.

CONCLUSION
The application of oral vasoactive agents to facilitate weaning of IV vasopressors and expedite ICU discharge is common 
practice despite equivocal results regarding their efficacy in randomized trials. Midodrine is the oral vasoactive agent 
with the most evidence in this setting, although not consistently positive and its association with bradycardia may limit 
its use in certain patients. The use of midodrine-alternative oral vasoactive agents has emerged, including multiple 
medications that exert their hemodynamic effects through norepinephrine, which may be ideal in certain populations. 
Additional prospective research is warranted to determine the optimal dosing of oral vasoactive agents and to define the 
role of midodrine-alternative agents.
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