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Purpose. Prolonged duration of intravenous (IV) vasopressor dependence
in critically ill adult patients with vasodilatory shock results in increased
length of stay in both the intensive care unit (ICU) and hospital, translat-
ing to higher risk of infection, delirium, immobility, and cost. Acceleration
of vasopressor liberation can aid in reducing these risks. Midodrine is an
oral a,-adrenergic receptor agonist that offers a potential means of liberat-
ing patients from IV vasopressor therapy. This clinical review summarizes
primary literature and proposes a clinical application for midodrine in the
recovery phase of vasodilatory shock.

Summary. Five studies with a total of over 1,000 patients conducted be-
tween 2011 and 2021 were identified. In observational studies, midodrine
administration was demonstrated to lead to faster time to liberation from
IV vasopressor therapy and shorter ICU length of stay in patients recover-
ing from vasodilatory shock. These findings were not replicated in a pro-
spective, multicenter, randomized controlled trial. In this review, literature
evaluating midodrine use for IV vasopressor liberation is summarized and
study limitations are discussed.

Conclusion. On the basis of this review of current literature, recom-
mendations are provided on selecting appropriate candidates for ad-
junctive midodrine in the recovery phase of vasodilatory shock and
considerations are discussed for safely and effectively initiating, titrating,
and discontinuing therapy.

Keywords: drug liberation, intensive care units, midodrine, shock, vaso-
constrictor agents

Am J Health-Syst Pharm. 2022;79:1047-1055

\/asodilatory shock is the most vasodilation.® In the cases of adrenal
common form of shock encoun- insufficiency or recurrent hypovol-

tered in an intensive care unit (ICU) set-
ting, accounting for over 60% of all shock
cases.”” The mainstay of treatment for
vasodilatory shock is a combination of
fluid resuscitation and continuous in-
fusion of intravenous (IV) vasopressor
therapy. Once the patient is hemo-
dynamically optimized, liberation from
IV vasoactive therapy commences by
way of weaning from vasopressors. This
is commonly referred to as the recovery
phase of shock.

Some patients are difficult to wean
from vasopressors due to adrenal in-
sufficiency, hypovolemia, or persistent
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emia, the underlying cause should be
corrected by administration of cortico-
steroids and IV fluid boluses, respect-
ively.** For patients with persistent
vasodilation, IV vasopressors continue
to be the mainstay of treatment.
Vasopressors are not benign medi-
cations and carry a plethora of ad-
verse effects, including depressed
cardiac output, acute kidney injury,
tachyarrhythmias, lactic acidosis,
hyperglycemia, and peripheral, myo-
cardial, and intestinal ischemia.">®
Patients may also experience in-
direct adverse effects related to the
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CLINICAL REVIEW MIDODRINE FOR VASOPRESSOR LIBERATION

administration of IV vasopressors, for
example, from the drug diluent or from
access devices used for drug adminis-
tration. The fluid that serves as a vehicle
for IV vasoactive agents may contribute
to volume overload, hyperchloremia,
or hyperglycemia depending on the di-
luent composition.”** Central venous
access is preferred for safe delivery of
IV vasopressor therapy, but such ac-
cess can also induce harm, including
vascular, cardiac, and pulmonary com-
plications."* Prolonged use of central
access devices is further associated
with risk of device dysfunction and
infection.”” The inability to liberate
patients from IV vasopressors also pro-
longs ICU length of stay (LOS).*

Drug overview

Midodrine is an oral prodrug thatin-
creases blood pressure via activation of
a,-adrenergic receptors in the vascula-
ture. It is available as 2.5-mg, 5-mg, and
10-mg tablets. Midodrine is approved
by the Food and Drug Administration
for symptomatic orthostatic hypoten-
sion, dosed at 10 mg 3 times daily with
a recommended maximum daily dose
of 30 mg." One hour following oral
administration of midodrine 10 mg,
standing systolic blood pressure in-
creases by 15 to 30 mm Hg." Off-label
uses include refractory ascites, preven-
tion of hemodialysis-induced hypo-
tension, hepatorenal syndrome, and
vasovagal syncope.”® The sympatho-
mimetic effect of midodrine was first
noted in a 1979 German study, where
midodrine was compared to the adren-
ergic drug etilefrine.”® In this study of
120 children with a variety of infectious
diseases, midodrine was concluded
to be a safe and effective medication
to treat hypotension due to infection.
Adverse effects from midodrine are due
to its o, agonist properties and include
supine hypertension, piloerection,
chills, paresthesias, and urinary reten-
tion.!*"> Reflex bradycardia, although
uncommon, may also occur due to in-
creased systemic vascular resistance,
because cardiac f-adrenergic recep-
tors are not affected by midodrine
directly."”
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KEY POINTS

e Midodrine is an oral
a.,-adrenergice receptor
agonist with a potential role in
liberating patients from intra-
Venous vasopressors.

¢ Five studies evaluating this
therapeutic use of midodrine
in over 1,000 patients between
2011 and 2021 are reviewed.

e Adjunctive midodrine is recom-
mended during the recovery
phase of vasodilatory shock
with a starting dose of 20 mg
every 8 hours and titration to
patient response.

Midodrine has 93% oral bio-
availability and undergoes hepatic
deglycination to its active metabolite,
desglymidodrine. = Desglymidodrine
reaches peak serum concentrations
1 to 2 hours after administration and
has a plasma half-life of 3 to 4 hours
with minimal protein binding. It is pri-
marily (80%) eliminated in the urine
by active tubular secretion. For pa-
tients with renal dysfunction receiving
midodrine for orthostatic hypotension
or secondary hypotensive disorders, it
is recommended to initiate therapy at a
lower dose of 2.5 mg to reduce the risk
of blood pressure that is higher than
desired.!

With its clinical effect of increasing
blood pressure, midodrine offers a po-
tential means ofliberating patients from
IV vasopressor therapy. The purpose of
this clinical review is to summarize pri-
mary literature related to midodrine as
an adjunctive therapy for vasopressor
liberation and to propose a clinical ap-
plication for midodrine in the recovery
phase of vasodilatory shock.

Review of the literature

A narrative review was conducted of
theliteraturerelated to use of midodrine
as an adjunct for vasopressor liberation.
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Literature to include in this review
was identified using a PubMed search
with the Medical Subject Headings
(MeSH) terms “intensive care unit” and
“midodrine” and filtered by publication
date (2011 through 2021) and language
(English). Fifteen articles were initially
identified. Literature for this narrative
review was included if study patients
were admitted to the ICU receiving
one or more vasopressors for vasodila-
tory shock and midodrine was admin-
istered. Outcomes of interest were IV
vasopressor duration, hospital and ICU
LOS, hemodynamic changes, and ad-
verse effects due to midodrine admin-
istration. Commentaries (n = 5), review
articles (n = 3), and articles that did not
report on outcomes of interest (n = 2)
were not reviewed. Five studies, with
a total of over 1,000 patients, evaluated
the use of midodrine as a means to lib-
erate patients from IV vasopressors and
were included in this review (Table 1).
Observational studies. The
earliest study was a single-center, pro-
spective, observational study published
in 2013 by Levine et al'® that included
20 adult surgical ICU patients who re-
ceived IV vasopressors and at least
3 doses of midodrine and required
ongoing ICU admission only for the ad-
ministration of vasopressors. Patients
had a mean Acute Physiologic and
Chronic Health Evaluation (APACHE)
II score of 18 (SD, 6) and were on vaso-
pressors for a median of 3 days before
initiation of midodrine. The most fre-
quent dosing strategy for midodrine
was 20 mg 3 times daily (range, 5-20 mg
3 times daily). The primary outcome
was the degree of change in IV vaso-
pressor infusion rate from 12 hours
before midodrine administration to 4
hours after the fourth dose, expressed
in phenylephrine equivalents. The
mean initial phenylephrine equivalent
rate before the first midodrine dose was
41.0 (SD, 33.4) pg/min. The mean rate
of decline in vasopressor infusion rate
changed from -0.62 (SD, 1.4) pg/min/h
phenylephrine equivalents before
midodrine administration to -2.20 (SD,
2.45) pg/min/h phenylephrine equiva-
lents with the first 4 doses of midodrine
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(P = 0.012). The decline in vasopressor
infusion rate was over 3 times faster
after the addition of midodrine and this
difference was statistically significant,

suggesting that midodrine is an ef-
fective adjunctive agent to decrease
vasopressor requirements. Within
1 day, 14 (70%) of the patients had been

liberated from IV vasopressors. Mean
arterial pressure (MAP) and heart rate
were not significantly different before
and after midodrine administration

Table 1. Summary of Literature

Whitson et al Poveromo et al Santer et al (2020)
Parameter Levine et al (2013)™ (2016)" (2016)* Rizvi et al (2018)* (MIDAS)*
Design Prospective, Retrospective, Retrospective, Retrospective, Prospective,
observational observational observational observational multicenter RCT
Sample size n =20 n=175 n=188 n=1,119 (663 re- n=132

ceiving VP)

Comparator NA

VP alone (n =140) VP alone (n =94) NA

Midodrine (n = 66) vs pla-

midodrine, and re-

VS vs VP/midodrine cebo (n = 66)
VP/midodrine (n=94)
(n = 135)
Inclusion cri- Admitted to surgical Admitted to Admitted to Admitted to any ICU  Admitted to surgical or
teria ICU, received VP and  medical ICU cardiovascular, (surgical, medical, medical ICU, was
at least 3 doses of with septic medical/sur- neurological) and hypotensive, and

shock, required gical, or neuro/

initiated on off-label

required VP for at least

infusion rate changed
from -0.62 pg/min/h
phenylephrine equiva-
lents before midodrine ©
to —2.2 pg/min/h with
midodrine

70% of patients were
discontinued from IV
VP within 1 day

mained in ICU only for at least 24 hours  trauma ICU and midodrine 24 hours
dependence on VP of VP therapy, received VP for
and had stable 2+ hours for
or decreasing hypotension
doses of VP secondary to
cardiovascular,
trauma or sepsis
diagnoses
Exclusion ® Preadmission * None listed e Died within24 e Midodrine initiated e Hypoperfusion, liver
criteria midodrine use hours of ICU outside of ICU or kidney failure,
® Hypotension due to admission e Preadmission hypovolemic shock,
hypovolemia or ad- e Midodrine for midodrine use thyrotoxicosis, se-
renal insufficiency indication other vere heart disease,
e History of orthostatic than VP weaning pheochromocytoma,
hypotension * Received fewer acute urinary retention,
than 3 doses of or bradycardia
midodrine
Severity of ~ APACHE II: 18 APACHE IV: 84 APACHE IV: 82 vs APACHE IlI: 78 APACHE II: 15 vs 15
illness vs 83 59 (P =0.02)
Midodrine Mode: 20 mg 3 times ~ Average: 19 mg Mode: 10 mg 3 Not stated Fixed: 20 mg every 8
dosing daily; range: 5-20 mg  every 8 hours; times daily; hours
3 times daily initiation: 10 mg  range: 2.5-
every 8 hours; 10 mg 2-6 times
max: 40 mg daily
every 8 hours
Efficacy ¢ Rate of decline of VP e Decreased VP e VP discontinued e 48% discontinued e No difference in time to

duration (3.8 1.2 days after

vs 2.9 days, midodrine
P < 0.001) e Shorter time to
Decreased ICU discharge e Median VP infusion
ICU LOS (9.4 after discon-
vs 7.5 days, tinuation of VP
P =0.017) (1.5 vs 0.8 days,

P =0.01)

¢ No difference
in ICU LOS
(P=0.29)

from VP within 24
hours of midodrine
initiation ¢ No difference in ICU

rate decreased
significantly from e VP discontinued 18.4
baseline to 24 hours
(P =0.002)

VP discontinuation (24
vs 23 hours, P = 0.62)

discharge readiness or
ICU/hospital LOS

hours earlier in post hoc
analysis of subgroup
receiving epidural anal-
gesia (P = 0.045)
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Table 1. Continued

Whitson et al Poveromo et al Santer et al (2020)

Parameter Levine et al (2013)™ (2016)" (2016)* Rizvi et al (2018)* (MIDAS)%

Safety e No clinically con- e Midodrine e Within 24 hours e 15% incidence of e No difference in rate of
cerning adverse discontinued of starting bradycardia hypertension (10.6% vs
effects prematurely in midodrine, 6.4% ¢ 0.18% incidence of  7.6%)

e Midodrine discon- 1 patient due to had hyperten- ischemic bowel ¢ Increased rate of brady-
tinued prematurely in 2 bradycardia sion and 12.8% cardia (7.6% vs 0%,
patients had new-onset P =0.02)

bradycardia

Conclusion  Midodrine increased Midodrine reduced Midodrine resulted Nearly half of pa- Midodrine did not de-
the speed of VP VP duration and  in shorter time tients were able crease time on VP or
weaning. ICU LOS in pa- to ICU discharge  to discontinue VP ICU LOS, expect in

tients recovering  after discontinu-  within 24 hours of a post hoc subgroup
from septic ation of VP. initiating midodrine.  analysis.
shock.

Limitations e Single center e Single center e Single center e Single center * Relatively small sample

e Observational e Observational e Observational e Observational size

e Small sample size ¢ Relatively small e Relatively small e Lack of comparator e Heterogeneous cohort

e Limited to surgical pa- sample size sample size group may have limited find-
tients e Significant base- ¢ Midodrine doses ings

¢ Clinical outcomes not line differences not reported e | ack of midodrine titra-
assessed between groups tion

e Lack of comparator ® Unclear clinical e Subgroup analysis not
group relevance of specified a priori

“significant”
findings

randomized controlled trial; VP, vasopressors.

Abbreviations: APACHE, Acute Physiologic and Chronic Health Evaluation; ICU, intensive care unit; LOS, length of stay; NA, not applicable; RCT,

(P = 0.69 and P = 0.66, respectively).
No patients experienced clinically
concerning hypertension or other ser-
ious adverse effects. Midodrine was
discontinued before weaning from
vasopressors in 2 patients, one with
postoperative bleeding who required
return to the operating room and was
later reinitiated on midodrine and the
other with acute hypotension due to
intra-abdominal bleeding who died.
Results from this study suggest that
midodrine is effective in increasing
the speed of vasopressor weaning and
thus may decrease the duration of
vasopressors without hemodynamic
compromise. However, the patients in-
cluded in this study were in the surgical
ICU and had a mean APACHE II score
of 18 (estimated mortality rate of 12% in
postoperative patients), indicating that
they may not be as high risk as other
critically ill patients. Notably, the study
did not evaluate potentially relevant
clinical outcomes such as mortality,
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ICU LOS, and vasopressor-free days
and did not discuss a strategy for sub-
sequent discontinuation of midodrine.

A single-center, retrospective, ob-
servational study published in 2016 by
Whitson et al'® assessed 275 medically
critically ill adults with septic shock
who had stable or decreased doses of
vasopressors after at least 24 hours of
vasopressor support. Patients who re-
ceived IV vasopressors only (n = 140)
were compared to those who received
IV vasopressors and oral midodrine
(n = 135). Patients in the 2 groups had
similar APACHE IV scores (84 vs 83,
P = 0.55), rates of mechanical ventila-
tion (76% vs 68%, P = 0.21), and rates of
corticosteroid administration (29% vs
26%, P = 0.72). The mean vasopressor
dose at the time of midodrine initiation
was 0.09 pg/kg/min for 97 patients re-
ceiving norepinephrine and 0.77 pg/
kg/min for 38 patients receiving
phenylephrine. Midodrine was started
at a standard dose of 10 mg every 8
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hours that was increased incrementally
through a nonprotocolized approach
to a maximum dose of 40 mg every 8
hours. The average dose of midodrine
required to wean patients from vaso-
pressors was 18.7 (SD, 9.6) mg every 8
hours. Primary outcome measures in-
cluded duration of IV vasopressor ad-
ministration and ICU LOS. The mean
vasopressor duration was reduced by
1 day with adjunctive midodrine (3.8
vs 2.9 days, P < 0.001), and ICU LOS
was reduced by 20% (9.4 vs 7.5 days,
P = 0.017). Fewer patients in the
midodrine group required reinitiation
of IV vasopressors. Midodrine was
stopped prematurely in one patient
due to secondary bradycardia, which
resolved without further intervention.
No other complications of midodrine
were reported.

The findings from this study suggest
that midodrine could be an effective
adjunct to reduce IV vasopressor
duration and ICU LOS in patients
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recovering from septic shock. Benefits
were observed with an average dose of
about 20 mg every 8 hours, similar to
that reported by Levine et al,'® although
doses up to 40 mg every 8 hours were
allowed. In a letter to the editor, use of
the mean, as opposed to the median,
for reporting ICU LOS and APACHE
IV scores was questioned.” Whitson
et al* responded with new data, re-
porting a median ICU LOS of 8 days in
the vasopressor-only group compared
to 4 days in the vasopressor-midodrine
group (P =0.017). The median APACHE
IV scores were 83 and 77.5 in the 2
groups, respectively (P = 0.55). These
results confirmed the authors’ initial
findings that addition of midodrine was
associated with a significant reduction
in ICU LOS in patients recovering from
septic shock.

Also in 2016, Poveromo et al* re-
ported a single-center retrospective
study of 188 critically ill adults repre-
senting cardiovascular, medical, sur-
gical, neurological, and trauma ICU
patients who received vasopressors
alone (n = 94) or vasopressors and
midodrine (n = 94). Patients were in-
cluded in the study if they received
one or more IV vasopressors for at
least 2 hours and had an etiology of
hypotension related to cardiovascular,
trauma, or sepsis diagnoses. Patients
were assigned to the combination co-
hort if they received at least 3 doses of
midodrine. At baseline, patients in the
vasopressor-only group had a higher
median APACHE IV score (82 vs 59,
P =0.02), were less likely to receive cor-
ticosteroids (40% vs 55%, P = 0.04), and
were less likely to receive 2 or more
vasopressors (37% vs 60%, P < 0.01).
Midodrine was initiated and titrated at
the discretion of individual prescribers.
The modal dose of midodrine was
10 mg 3 times daily (range, 2.5-10 mg
2-6 times daily), and midodrine was
continued for a median duration of
4.4 days (interquartile range [IQR], 3.2-
7.8 days). The primary outcome was the
time to IV vasopressor discontinuation
after initiation of midodrine, which was
1.2 days (IQR, 0.5-2.8 days). Compared
to patients receiving vasopressor alone,

those also receiving midodrine had a
shorter time to ICU discharge after dis-
continuation of IV vasopressor therapy
(1.5vs 0.8 days, P = 0.01), but there was
no difference between the groups in
ICU LOS (P = 0.29) and the midodrine
group had a longer hospital LOS (9.5 vs
12 days, P < 0.01). Forty percent of pa-
tients in the midodrine group required
reinitiation of vasopressors while the
patient was on midodrine, but only
4% required reinitiation of vasopres-
sors after midodrine was discon-
tinued. During the first 24 hours after
midodrine initiation, 6 patients (6.4%)
experienced hypertension and 12 pa-
tients (12.8%) experienced new-onset
bradycardia.

This study evaluated a more diverse
group of ICU patients and demon-
strated a shorter time to ICU discharge
after vasopressor discontinuation with
the use of adjunctive midodrine; how-
ever, interpretation of the results is
severely limited by significant differ-
ences in baseline characteristics be-
tween the study groups. Furthermore,
the high rate of vasopressor reinitiation
is concerning, the primary outcome
was assessed only in the study group,
and other clinically relevant outcomes
such as vasopressor-free days were not
reported.

With prior research focused on ob-
servational studies of small patient co-
horts, Rizvi et al*! published a much
larger report of 1,119 surgical, medical,
and neurological ICU patients who
received midodrine for treatment of
hypotension between 2011 and 2016.
All adult patients for whom midodrine
was initiated in the ICU (who were not
receiving it at home) were included and
represented patients on IV vasopres-
sors at baseline (n = 663) and patients
not receiving IV vasopressors (n = 456).
The subgroup receiving IV vasopres-
sors at baseline had a median APACHE
IIT score of 78, an ICU LOS of 6 days,
and a hospital mortality rate of 19%.
Vasopressors were discontinued for
nearly half of the patients (319 0f663) 24
hours after initiation of midodrine. For
patients remaining on vasopressors
at 24 hours, the median infusion rate
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was significantly lower than at base-
line (immediately before midodrine
initiation), although the clinical sig-
nificance of this is questionable as the
absolute values were similar (baseline:
19.9 pg/min; IQR, 5.1-27.8 pg/min; 24
hours: 19.9 pg/min; IQR, 4.9-27.8 pg/
min; P = 0.002). Bradycardia occurred
in 15% of patients receiving midodrine,
while ischemic bowel occurred in 2 pa-
tients (0.18%).

This study provided a perspective
on midodrine use in a large cohort of
diverse patients and demonstrated a
clinically relevant change in the pro-
portion of patients requiring IV vaso-
pressors 24 hours after midodrine
initiation. The lack of response to
midodrine exhibited by some patients
may suggest the existence of midodrine
responders and nonresponders, a hy-
pothesis that requires further investiga-
tion. Interpretation of the study results
is limited by the lack of a control group.
Additionally, midodrine was initiated,
titrated, and discontinued at the dis-
cretion of the clinical team through a
nonprotocolized approach, and the
dose and duration of midodrine ad-
ministered were not reported.

Randomized controlled trial. The
MIDAS trial, published in 2020, was an
international, prospective, multicenter,
double-blind, placebo-controlled
trial that enrolled critically ill, hypo-
tensive patients for whom use of an
IV vasopressor was required for at
least 24 hours.”® Patients with inad-
equate tissue perfusion, liver failure,
shock,
thyrotoxicosis, severe heart disease,
pheochromocytoma, acute urinary
retention, and bradycardia were ex-
cluded. The study included 132 pa-
tients randomized 1 to 1 to receive a
fixed 20-mg dose of midodrine or pla-
cebo 3 times daily until IV vasopres-
sors were stopped, the patient was
discharged from the ICU, or an ad-
verse event occurred. Adverse events
were defined as worsening hypoten-
sion requiring high-dose vasopressors
(>100 pg/min phenylephrine, >60 pg/
min metaraminol, or >8 pg/min nor-
epinephrine), signs and symptoms of

renal failure, hypovolemic
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organ failure or tissue hypoperfusion
requiring epinephrine administration
at any dose, or drug-related adverse ef-
fects. The primary outcome was time,
in hours, from initiation of midodrine
or placebo until IV vasopressor discon-
tinuation. “Discontinuation” was de-
fined as a vasopressor-free period of at
least 24 hours during which blood pres-
sure goals were maintained. Secondary
outcomes included hospital and
ICU LOS, ICU readmission rate, and
adverse events.

Reasons for ICU admission in the
midodrine and control groups, re-
spectively, included surgical (68% vs
64%), sepsis (20% vs 20%), and other
(12% vs 17%) medical reasons. The
APACHE 1I score (14.7 vs 14.8), dur-
ation of vasopressors before study drug
administration (35.5 vs 35.4 hours), and
vasopressor dose at enrollment were
similar between the groups. There was
no difference in time to IV vasopressor
discontinuation with midodrine com-
pared to placebo (midodrine: median,
23.5 hours; IQR, 10-54 hours; placebo:
median, 22.5 hours; IQR, 10.4-40 hours;
P =0.62). There was also no difference
in time to ICU discharge readiness (5 vs
5 days, P = 0.64), ICU LOS (6 vs 6 days,
P=0.46), or hospital LOS (11 vs 14 days,
P = 0.45). Hypertension occurred at
a similar rate in both groups, while
bradycardia occurred more frequently
with midodrine (7.6% vs 0%, P = 0.02).
In a post hoc subgroup analysis, there
was a significant difference in time to
IV vasopressor discontinuation when
midodrine was administered to pa-
tients receiving epidural analgesia.
Among the 23% of patients who re-
ceived epidural analgesia, the time to
vasopressor discontinuation was de-
creased by 18.4 hours with midodrine
use (P = 0.045). Because of the lack of
previously defined subgroup analyses,
however, this was a purely hypothesis-
generating finding.

A significant limitation of the
MIDAS study was the fixed dosing
regimen used. It is unknown whether
patient-specific dose titration would
have resulted in different observations.
The inability to uptitrate the dose of
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midodrine could be a safety precaution
as the need for midodrine uptitration
could be a marker of clinical deterior-
ation. Additionally, the broad eligibility
criteria may have led to a heteroge-
neous cohort, and the baseline severity
of illness, as indicated by APACHE
II and Sequential Organ Failure
Assessment (SOFA) scores, was rela-
tively low. Despite the long-anticipated
results of this randomized controlled
trial, more studies are needed to de-
termine the benefits of midodrine for
various shock syndromes.

Clinical application and
practical considerations

Limitations of published lit-
erature. Midodrine is a promising
adjunctive agent to facilitate weaning
from vasopressors in the recovery
phase of vasodilatory shock; however,
research related to its use in this set-
ting is limited. The available observa-
tional studies had many limitations,
including small sample sizes, limited
external validity, and a lack of clinic-
ally relevant endpoints. Many of these
studies failed to report relevant patient
information such as comorbidities;
fluid resuscitation strategies and fluid
status; details of vasopressor selec-
tion, dosing strategies, and order of
initiation and discontinuation; goal
MAP; and wuse of corticosteroids.
Furthermore, midodrine was generally
initiated, titrated, and discontinued at
the discretion of the clinical team in the
absence of a protocol, and the circum-
stances in which clinicians chose to use
this therapy in practice were variable
and not well defined. The MIDAS trial
had findings contradictory to previous
observational studies but was limited
by a small sample size, use of a fixed
midodrine dose, a heterogeneous pa-
tient population, and lack of a priori
designation of patient subgroups to be
analyzed, despite being a multicenter,
double-blinded,
trolled trial.

Initiation of drug therapy. The
retrospective nature of many of the

randomized con-

published studies compounded by
the negative findings of the MIDAS
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trial and the plethora of study limita-
tions has left many clinicians unsure
of when it is appropriate to initiate
midodrine for patients with vasodila-
tory shock. Our recommendation is to
consider initiating midodrine when the
acute phase of vasodilatory shock has
resolved and the patient is clinically
stable (Figure 1). Resolution of acute
shock can be defined as achievement
of goal blood pressure while receiving
no more than one IV vasopressor with
stable or decreasing infusion rates for
at least 24 hours.’>* Because of risks
of bowel ischemia and lack of oral ab-
sorption associated with higher doses
of vasopressors, we recommend that
patients receive no more than 8 pg/
min (or 0.1 pg/kg/min) of norepineph-
rine or its phenylephrine equivalent
(Table 2) when initiating midodrine.?
Clinicians should avoid initiating
midodrine in patients receiving epi-
nephrine or dopamine without first
exploring the rationale for vasopressor
choice. Epinephrine can be used for low
cardiac output or bradycardia, while
dopamine can be used for bradycardia.
Neither of these situations would be
suitable for initiation of midodrine be-
cause of its depressive effects on cardiac
output and heart rate. This threshold
for initiating midodrine aligns with the
study protocol developed and reviewed
by the Food and Drug Administration
for MIDAS and is more conservative
than the reported baseline vasopressor
rates in many of the observational
studies of midodrine.?® Clinically stable
patients have no evidence of ongoing
end-organ dysfunction, which should
include normalization of serum lac-
tate levels, absence of acute troponin
elevation, and stable serum creatinine
levels.'” Before prescribing midodrine,
clinicians should ensure that all other
causes of hypotension, such as hypo-
volemia and adrenal insufficiency,
have been ruled out or appropriately
managed.?®

After other potential causes for
persistent vasopressor requirements
have been addressed, we recommend
initiating midodrine 20 mg orally
every 8 hours. This recommendation is
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derived from multiple studies that have
shown this to be the most common
dose required to successfully wean
patients from IV vasopressors with
no additional adverse effects,''* and,
despite the negative findings of the
MIDAS trial, we believe this to be a rea-
sonable strategy until more evidence
becomes available. When midodrine
is used for orthostatic hypotension, it
is recommended to reduce the initial
midodrine dose for renal dysfunction.
However, published studies on the use
of adjunctive midodrine in vasodilatory
shock did not provide details regarding
baseline renal function in study pa-
tients, and these studies did not reduce
the initial midodrine dose. Therefore,
we recommend initiating therapy with
midodrine 20 mg orally every 8 hours,
regardless of baseline renal func-
tion."* If a patient was on midodrine
before ICU admission, it is important

to consider underlying pathology and,
if treatment is deemed appropriate, to
restart the medication to recalibrate to
the patient’s known baseline. Also, if
a patient was on midodrine at home,
clinicans could consider reevaluating
hemodynamic goals (ie, a MAP goal of
>60 mm Hg instead of 65 mm Hg). If
home midodrine is resumed and the
patient still seems an appropriate can-
didate for oral vasopressor therapy,
consider following the proposed algo-
rithm here but with the dosage addi-
tive to the baseline dose. The maximum
dose of 40 mg should still be followed.
After administration of midodrine,
IV vasopressor dose requirements
should decrease within 4 hours of
a single dose. On the basis of the
pharmacodynamic and pharmacokin-
etic profile detailed above, the patient
would likely have received the max-
imal benefit within this timeframe. In

patients with a lack of initial response,
midodrine doses should be uptitrated
in 5- to 10-mg increments to a max-
imum of 40 mg orally every 8 hours.
Hammond et al*® and Whitson et al*
recommend uptitration in 10-mg in-
crements. We believe that titration
by 10 mg, rather than lower doses,
will maximize the potential benefits
of midodrine in facilitating weaning
from IV vasopressors; however, titra-
tion in 5-mg increments could also be
considered.

Duration of drug
therapy. Much of the previously re-
viewed literature did not describe
strategies used for discontinuing
midodrine. Careful attention to
therapy discontinuation is important,
however, to avoid rebound hypoten-
sion and ICU readmission. This may
also help mitigate polypharmacy
resulting from inappropriate

Figure 1. Proposed algorithm for use of midodrine in select patients for liberation from intravenous vasopressors.'®% |V
indicates intravenous; MAP, mean arterial pressure; SCr, serum creatine; SBP, systolic blood pressure.

Acute phase of vasodilatory shock resolved?
Goal blood pressure (SBP 2100 mmHg, MAP 2 65 mmHg) maintained for 224 hours while receiving no No
more than one IV vasopressor at stable or decreasing infusion ratest and no further evidence of end-
organ dysfunction (normalization of serum lactate, stable SCr, absence of acute troponin levels).

P

Yes
v

Do NOT initiate
midodrine

Other causes of hypotension ruled out?
Hypovolemia, adrenal or corticosteroid insufficiency

No '

Yes
y

Consider initiating oral midodrine 20 mg every eight hours regardless of renal function2? |

!

Evaluate response to midodrine
Vasopressor dose requirements should decrease by 220% within four hours aftera single dose of midodrine*

l

| Adequateresponse?

Continue current dose every eight hours |4—Y95—

NO

y

Increase midodrine by 5-10 mg per dose
to maximum of 40 mg every eight hours®

A 4

Begin tapering midodrine by 15 mg/day (5 mg/dose) after the IV vasopressor has been discontinued for 224 hours®
- In cases of systemic hypertension (SBP >160 mmHg), midodrine administration should be held rather than tapered
- During transitions of care, clearly communicate plan for tapering and discontinuation of midodrine

Clinical Application and Practical Considerations

1. Werecommend that patients should be receivingno more than 8 mcg/min (or 0.1 mcg/kg/min) norepinephrine or phenylephrine equivalentdue to risk of bowel ischemia or
lack of oral absorption with higher doses of vasopressors
2. Most common dose used in primary literature to successfully liberate patients from IV vasopressors

3. When used for orthostatic hy ion, itis rec

ded to reduce initialdose of midodrine in renal dysfunction. Published studies using midodrine for vasopressor weaning
did not elaborate on baseline renal function in patients and did not dose reduce midodrine. Therefore, we recommend initiating midodrine 20 mg every eight hours.

4. Maximal benefitfrom midodrine will be seen within firstfour hours corresponding with its elimination half-life of four hours

5. Titration strategy used by Whitson et al and Hammond et al.

6. Due to lack of robust data, recommendations based on currently available literature and opinion/experience
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Vasopressors®?’

Table 2. Dose Comparison for Commonly Used Intravenous

Vasopressor Agent

Equivalent Dose

Norepinephrine 1 g
Epinephrine 1 g
Dopamine 100 ng
Vasopressin 0.002 units
Phenylephrine 2.2 ug

continuation of ICU medications
and the associated adverse effects.”
When a patient shows response to
midodrine therapy and IV vaso-
pressor doses are decreasing, the
clinician should continue to monitor
the patient and create a plan for
midodrine discontinuation. To en-
sure that rebound hypotension does
not occur, we do not recommend
downtitration of midodrine for the
first 24 hours following discontinu-
ation of IV vasopressors.?® Afterward,
we recommend decreasing
midodrine by 15 mg each day (5 mg
per dose) until therapy is stopped.
In cases of systemic hypertension,
defined by a systolic blood pressure of
greater than 160 mm Hg, midodrine
administration should be held rather
than downtitrated to prevent per-
Appropriate
management of midodrine therapy

sistent hypertension.
during transitions of care as patients
transfer from the ICU is important to
prevent inappropriate continuation
of treatment, which has been seen
with other ICU therapies such as
stress ulcer prophylaxis and delirium
pharmacotherapy.®®*' Strategies to
help wean patients from midodrine
after ICU discharge include a de-
tailed plan written in the electronic
health record, discussion with the
clinical team assuming care of the
patient, or creation of a linked ti-
tration order with titration instruc-
tions (similar to methylprednisolone
dose packs) and parameters within
the order to hold the medication for
hypertension. An emphasis should
be placed on creating patient-specific

1054  AM J HEALTH-SYST PHARM |

titration schedules in patients with
labile blood pressure.

More confounding than its place
in the treatment of shock is how or
whether midodrine can be used in a
transition of care setting. Midodrine
may be an effective strategy in
facilitating earlier ICU discharge in
patients difficult to wean from their
remaining vasopressor. Midodrine
continuation at the time of ICU dis-
charge was associated with reduced
ICU LOS (7.5 vs 10.6 days, P < 0.001)
and hospital mortality (hazard ratio
[HR] = 0.47, P < 0.001); however,
midodrine continuation at the time of
hospital discharge was associated with
an increased risk of 1-year mortality
(HR = 1.60, P < 0.001).%> Additional fac-
tors, such as the utilization of hyper-
tensive therapy, a history of congestive
heart failure, and previous cardiac
surgery, may be at play when consid-
ering the use of outpatient midodrine
therapy. In the observational study
reported by Whitson et al,’* 18 of 135
patients (13%) receiving midodrine as
an adjunct for vasopressor weaning
were discharged from the hospital on
this therapy, highlighting the need for
careful consideration of midodrine use
during each transition of care.

Other adjunctive agents. Other
oral agents with o-adrenergic prop-
erties such as phenylephrine and
pseudoephedrine have been proposed
as alternatives to midodrine for lib-
eration from IV vasopressor therapy.
While these agents are mechanistic-
ally plausible, the lack of both scien-
tific data and clinical experience causes
hesitancy about their integration into

VOLUME 79 | NUMBER13 | JULY 1,2022

practice. A review of these alternative
agents is outside the scope of this paper.

Conclusion

Midodrine may be an effective oral
adjunct to aid in liberating patients
from IV vasopressors in the recovery
phase of vasodilatory shock. It is im-
portant to consider reversible causes of
persistent vasodilation, such as hypo-
volemia and adrenal insufficiency, be-
fore initiating midodrine. Monitoring of
safety and efficacy is also important, as
dose titration is warranted. Intentional
communication is imperative during
transitions of care to ensure appropriate
management of midodrine therapy.
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