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ABSTRACT

Objective: Systematically examine the literature describing midodrine to treat shock and to summarize current ad-
ministration and dosing strategies.

Data sources: Structured literature search conducted in MEDLINE (PubMed) from inception through May 10, 2023.

Study Selection and Data Extraction: Abstracts and full texts were assessed for inclusion by two blinded, independ-
ent reviewers. English-language publications describing use of midodrine in adult patients with shock were included.
Data were extracted by two blinded, independent abstractors using a standardized extraction tool. Quality assess-
ments were completed by paired reviewers using JBI methodology.

Data Synthesis: Fifteen of 698 (2%) screened manuscripts were included with 1,714 patients with a variety of shock
types. Seven studies (47%) were retrospective, two (13%) prospective observational, and six (40%) randomized con-
trolled studies. Midodrine was initiated to facilitate intravenous vasopressor (IVP) weaning in most (11, 73%) studies;
only two (13%) reported IVP weaning protocol use. Starting doses were 10 mg every 8 hours (4, 27%) or three times
a day (3, 20%), 20 mg every 8 hours (2, 13%); six studies (40%) did not report initial midodrine dosing. A midodrine
titration protocol was reported in 6 (40%) studies. Thirteen (87%) studies evaluated for bradycardia, identified in 6
(46%) studies among 204 patients; only one (0.5%) patient required midodrine discontinuation. Three (20%) stud-
ies reported on hypertension with an incidence of 7-11%. Four (27%) studies assessed for ischemia; 5/1128 (0.4%)
patients experienced mesenteric ischemia requiring midodrine discontinuation.

Relevance to Patient care and Clinical Practice: This review explores the pragmatic details involved in initiating,
titrating, and weaning midodrine for the bedside clinician and identifies rates of adverse events and complications.

Conclusions: Published literature describing midodrine use for shock is heterogeneous and comprised primarily of
low or very low quality data. Future controlled trials addressing the shortcomings identified in this systematic review
are warranted.
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HINTRODUCTION

Midodrine is an oral alpha-1 receptor antagonist that
was approved for the treatment of symptomatic ortho-
static hypotension by the Food and Drug Administra-
tion (FDA) in 1996 [1]. Since then, it has been utilized
off-label for blood pressure augmentation in multiple
diagnoses, including shock, and its use in the critically
ill has increased seven-fold in the past decade [2]. De-
spite expanding use, important pragmatic issues such

as initiation threshold, dose titration parameters, and
the clinical relevance of adverse drug effects remain
poorly defined.

Midodrine’s prescribing information for orthostatic
hypotension recommends a starting dose of 10 mg by
mouth three times daily during waking hours to avoid
persistent systolic supine hypertension [1]. Single dos-
es of 20 mg and daily doses greater than 30 mg may
be tolerated [1]. In the setting of shock, single doses
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as high as 40 mg, and total daily doses of 120 mg, have
been reported in the literature most commonly with
every 8 hour dosing intervals [3,4]. Though approved
for titration to desired blood pressure with confirmed
dose-response effects, many studies have used a fixed-
dose regimen which may limit midodrine’s effective-
ness [1,5-7]. The discrepancies between the prescrib-
ing information and recent clinical practice warrants
further study.

We are aware of three published meta-analyses that
aggregated midodrine effectiveness data from only
randomized-controlled trials [8-10]. Although rand-
omized-controlled trials (RCTs) are generally consid-
ered high quality data, many publications included
in prior meta-analyses used fixed-dose approaches
without intravenous vasopressor (IVP) weaning proto-
cols and variable outcome criteria. The meta-analyses
also focused on clinical outcomes and safety, leaving
pragmatic questions unanswered including initiation
thresholds, dose titration strategies, and the clinical rel-
evance of adverse drug effects. If these questions can be
resolved, the potential for midodrine to decrease ICU
length of stay, cost of care, and complications of IVPs
may be realized.

The objective of this systematic review and semi-
quantitative analysis was to assess a broader array of
published studies to document administration and
dosing practices with the goal of improving bedside
practice and informing the potential design of future
controlled trials.

B METHODS

Publication Identification

A structured search of MEDLINE (PubMed) identified
all English-language publications with “midodrine” in
the title or abstract from inception through May 10,
2023. Publications that met predefined patient, inter-
vention, comparator, and outcome (PICO) criteria were
screened for full-text review: Patients (adults >18 years
of age with shock); Intervention (midodrine); Com-
parator (not required; studies with and without control
groups were included); and Outcomes (midodrine dos-
ing and adverse drug effects).

Two investigators (TDS and DJG) independently
screened titles and abstracts for evaluation with a third
investigator (RRR) available for disagreements. Publi-
cations were excluded if they treated a diagnosis other
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than shock (e.g., orthostatic hypotension) or were a
case report, trial protocol, letter to the editor, confer-
ence abstract, systematic review or meta-analysis. Pub-
lication references were evaluated during the full-text
review.

Data Extraction

Data were extracted by two investigators (MMP and
KJA) using a standardized template (Figure 1). No
protocol was published for this systematic review,
but consensus guidance was followed including the
Preferred Reporting Items for Systematic review and
Meta-Analysis Protocols (PRISMA-P).

Patient Characteristics

Demographic and clinical characteristics included
study design, country, patient population including
rurality, severity of illness (e.g., APACHE II), shock
etiology, renal function at the time of midodrine initia-
tion and during therapy, phase of care (i.e., emergency
department or ICU), ICU and hospital length of stay,
and mortality.

Midodrine Administration

Midodrine administration data included use of a mi-
dodrine dosing protocol, initial and maximum dose
and frequency, dosing strategy (titrated or fixed), renal
dose adjustments, timing of initiation (before, with, or
after IV vasopressors), duration of therapy, route of ad-
ministration (oral or feeding tube) and continuation at
ICU and hospital discharge.

Intravenous Vasopressors

Vasopressor data included dosage and frequency of
administration, weaning protocols, number of patients
on I'VPs at the time of midodrine initiation, central ve-
nous catheter duration and complications (e.g., central
line-associated bloodstream infections), complications
related to IVPs (e.g., extravasation), and time to IVP
discontinuation. Vasopressor doses were converted to
norepinephrine equivalents as previously described
[11].

Adverse Drug Effects

Potential adverse drug effects were determined a priori
including bradycardia, bowel or limb ischemia, and
stroke. Definitions were according to the study under
review and are referred to in this manuscript as present
or absent, accordingly.
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Cost Analyses

Cost analysis data included direct medical costs per
day of patients administered midodrine versus those
receiving standard care.

Missing Data

If a data point was not evaluated in a publication, it was
classified as “not reported,” and if it was evaluated for
but not observed, it was classified as “not observed.”
Corresponding authors for publications with missing
data were contacted by e-mail, when appropriate.

Quality of Evidence Assessment

Study quality was assessed by two blinded review-
ers (MMP and TDS) using the JBI Critical Appraisal
Checklists for RCTs, case control studies, case series,
and cohort studies [12-14]. Studies were evaluated for
their methodologic rigor and for potential bias in their
design, conduct, and analysis. Initial, pre-discussion
interrater agreement on quality appraisal was 0.84, 95%
CI: 0.758-0.918 using Cohen’s kappa statistic. A con-
sensus process was then used to come to a final deci-
sion on initial disagreements.

Statistical Analysis

Continuous data are reported as median (interquar-
tile range 25t — 75t percentile), and categorical or di-
chotomous data as number and percentage. This study
reports semi-quantitative data; quantitative analyses
were not performed given the study objectives and the
heterogeneity of aggregated data.

B RESULTS

Study Characteristics

A total of 698 publications were identified and 15 (2%)
were included (Figure 1) [2-4, 15-26]. Midodrine was
administered to 1,714 patients with a median of 31 (20-
79) patients per study. The first study included patients
treated as early as February 2012, with the most recent
study including patients treated through April 2021
[15,26]. Seven (47%) studies were retrospective, two
(13%) were prospective observational, and six (40%)
were RCTs; four of the six (67%) RCTs were open-label.
Most studies (12/15; 80%) were single center and con-
ducted in the United States (9/15; 60%) (Table 1). The
primary outcome was time to IVP discontinuation in
nine (60%) studies.
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Patient Characteristics

The most common admitting unit was a medical or
mixed ICU (11/15; 73%) followed by a trauma/surgi-
cal ICU (7/15; 47%); many included both ICU types
(Table 2). The most common shock type was “mixed”
which included cardiogenic, spinal, septic, and post-
operative shock/hypotension cases into one category
(7/15; 47%) followed by septic only (5/15; 30%). One
(7%) study did not report shock type. Severity of illness
was defined using APACHE II, III or IV in ten (67%)
studies, Euroscore in one (7%), and SOFA score in one
(7%); severity of illness was not reported in three (20%)
studies. Patients with renal insufficiency, ranging from
chronic kidney disease to acute kidney injury, were ex-
cluded from seven (47%) studies.

Midodrine Administration

A starting dose of 10 mg every 8 hours (4/15; 27%)
or three times daily (3/15; 20%) was most common,
with the exception of two (13%) studies that reported
a starting dose of 20 mg every 8 hours, and six (40%)
that did not report an initial dose (Table 3). A protocol
for midodrine dosing was present in six (40%) studies.

Articles with “midodrine” in the title
or abstract

n=698

Non-English language articles
removed (n=61)

v

v

Articles with “midodrine” in the title
or abstract in English language

n=637

Articles with orthosta* in the title
removed (n=155)

v

Total article titles and abstracts
review

Protocol (n=3)

Final articles included in the review
Case Report (n=4)

n=482
Articles removed (n=467)
e Wrong patients (n=443)
»| © Letter(n=8)
e Review (n=6)
e Systematic review (n=3)
L]
L]

n=15

Fig. 1. Preferred reporting items for systematic reviews
and meta-analyses (PRISMA) flow diagram
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Seven (47%) studies used fixed dosing of 10 mg every
8 hours or three times daily and two (13%) used a fixed
dose of 20 mg every 8 hours. Doses ranged from 2.5
mg every 12 hours (5 mg total daily dose) to 20 mg
every 6 hours to 40 mg every 8 hours (120 mg total
daily dose).

No study adjusted the midodrine dose for renal func-
tion though one did recommend a lower starting dose
for patients with kidney dysfunction [27]. Most studies
reported administering midodrine orally (7/15; 47%),
but many did not specify if this was given by mouth or
through a feeding tube, and only two explicitly stated
they crushed or administered it via gastrostomy tube
[18,19]. Midodrine was initiated in the ICU in a major-
ity of publications (14/15; 93%). No studies included
patients in the emergency department.

Two (13%) studies specified weaning protocols
for midodrine including decreasing the dose from
10 mg to 7.5 mg every 8 hours for 24 hours, then 5
mg every 8 hours for 24 hours, then discontinuation
or decreasing the dose every 1-2 days from 20 mg to
10 mg every 8 hours, then 5 mg every 8 hours, then
discontinuation [16,23]. Six studies (40%) reported
midodrine continuation past ICU discharge (range:
13-67% of patients) and three (20%) studies reported
it was continued at hospital discharge (range: 13-52%
of patients).

Intravenous Vasopressors

Midodrine was initiated to wean oft IVPs during shock
resolution in most studies (11/15; 73%) with a minority
describing its use before or with IVPs during the early
phase of shock (5/15; 30%). Nine (60%) studies report-
ed that all patients were on IVPs when midodrine was
initiated, and in the other six studies, 48% to 59% of pa-
tients were being treated with IVPs (Table 4). The num-
ber of IVPs administered at midodrine initiation was
reported in ten (67%) studies and most (8/10; 80%) re-
ported only one IVP (norepinephrine, phenylephrine,
or metaraminol). The median dose of IVPs, expressed
as norepinephrine equivalents, was 0.08 (0.05-0.14)
mcg/kg/min. No study exclusively looked at patients
not on IVPs and only two (13%) specified a weaning
procedure for IVPs [15,18].

There were no reports of IVP-related or central ve-
nous catheter-related complications. Only one (6%)
study reported that the midodrine group required a
shorter duration of central venous catheterization,
but the finding was not statistically significant [21].

The Journal of Critical Care Medicine 2025;11(1) « 11

The time to IVP discontinuation, the most common
primary outcome studied, was 26 (20.1-59.4) hours
for the midodrine patients and 78.5 (23.3-105.6) for
controls.

Adverse Drug Effects

Thirteen (87%) studies reported the incidence of
bradycardia with six (46%) reporting it was present
(Table 5). The definition for bradycardia varied and
was generally defined as a heart rate <40-60 beats per
minute. Of the 204 individual patients with bradycar-
dia, only one (0.5%) required midodrine discontinu-
ation and none required a medical intervention (e.g.,
atropine) [4].

Three (20%) studies reported the incidence of hy-
pertension using various definitions, most commonly
a systolic blood pressure >160 mmHg. The incidence
of hypertension ranged from 5.6%-10.6% in the studies
that reported it. None of the studies reported hyperten-
sion as a reason for midodrine discontinuation.

Four (27%) studies assessed for ischemia, either
mesenteric or peripheral, with limited description on
how it was assessed. Five (5/1128; 0.4%) patients in the
four studies developed mesenteric ischemic requiring
midodrine discontinuation. Three of the five had al-
ternative explanations (e.g., multiple high-dose IVPs)
but two did not. No peripheral (e.g., digits and limb)
ischemia was observed.

Cost Analyses

One study conducted a cost analysis and reported di-
rect medical cost per day in midodrine patients was
$2,776.50 compared to $2,454.00 in control patients.
Indirect medical costs were not considered.!8

Quality of Evidence Assessment

Evaluation using the JBI Critical Appraisal Checklist
criteria for randomized controlled trials, case control
studies, case series, and cohort studies, revealed var-
ied adherence to bias-reducing strategies within in-
dividual study designs (Table 6). Few studies (5/15,
33.3%) met all bias-reduction criteria for their study
type, with the majority of studies (10/15, 66.7%) being
at risk for the introduction of bias in at least one facet
of the study [2,22-24,26]. Importantly, five of six ran-
domized controlled studies were at significant risk of
bias with only one study employing all assessed meth-
ods of bias reduction [15,16,18,19,21,23].Full details
of quality assessments are provided in Table 6.
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Table 6. Quality appraisal for included studies by study design

Randomized controlled trials
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EDISCUSSION

This systematic review included 15 publications and
1,714 patients who received midodrine for shock and is
the first to focus on the practical aspects of midodrine
use. Important findings included the predominance of
observational studies (60%) conducted at single cent-
ers (80%), reliance on a fixed dose of 10 mg three times
daily or every 8 hours (47%), absence of a midodrine
dosing protocol and wide variability in dose adminis-
tered (5 to 120 mg total daily dose). Additionally, no
study adjusted the dose for renal dysfunction, looked
exclusively at patients not on IVPs, described IVP-re-
lated or central venous catheter-related complications,
or included patients in an emergency department or
rural setting. These findings suggest caution be used
when interpreting or applying the existing data regard-
ing midodrine use for shock.

Midodrine was used for a variety of shock types, in-
cluding cardiogenic, spinal, septic, and post-operative
shock, often combining all shock patients together. The
most common indication for midodrine was to de-
crease the duration or intensity of IVPs. Avoiding IVPs
entirely would obviate the need for a central line or
ICU admission, which has only been commented on by
Rivzi and colleagues [2,3]. Other potential benefits of
midodrine use prior to or early with IVPs include de-
creasing fluid requirements or IVP requirements, pos-
sibly reducing risk for adverse events from IVPs. These
endpoints have been understudied and only one publi-
cation reported time to first midodrine dose (13 hours)
[21]- The majority focused on late use of midodrine
when patients were weaning off low doses of IVPs.

Most publications reported midodrine dosing inter-
vals of either every 8 hours or three times a day (possibly
with a 12-hour gap without doses overnight) though a
recent paper reported dosing every 6 hours [22]. When
midodrine was FDA approved for symptomatic ortho-
static hypotension, the prescribing information rec-
ommended dosing three times a day during daylight
hours due to the risk of nocturnal supine hypertension.
Dosing it every 8 hours has its drawbacks as the active
metabolite of midodrine, desglymidodrine, has a dura-
tion of action of 2-3 hours and a half-life of 3-4 hours,
which could lead to suboptimal dosing. Midodrine
may be better suited for every 4- or 6-hour dosing to
maintain adequate serum concentrations as suggested
in studies of orthostatic hypotension [5] but this must
be studied in patients with shock.
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Most publications reported using midodrine in fixed
doses. Intravenous vasopressors are titrated to an ob-
jective endpoint (e.g., mean arterial pressure); logically
midodrine should be titrated to effect as well, sup-
ported by its FDA approved dosing. The studies that
utilized dose titrations did not have protocols or guid-
ance for how midodrine was titrated. Similarly, none
of the randomized controlled trials allowed dose titra-
tions, which raises the question of whether their over-
all negative findings would be different with titratable,
optimized dosing protocols [6,7].

None of the included studies adjusted midodrine
dosing for hepatic or renal dysfunction and those with
end-organ injury were often excluded. The FDA label
lists acute renal disease as a contraindication for use.
Despite this, midodrine is commonly used to treat
vasodilatory shock in patients with cirrhosis or during
renal replacement therapy [28-30]. The lack of infor-
mation related to the pharmacokinetics of midodrine
absorption in shock or accumulation with repeated
dosing in patients with renal or hepatic dysfunction
should be addressed in future trials. The bioavailability
of midodrine is 93% and not affected by food in healthy
volunteers but no study has been conducted during
critical illness or compared oral versus gastric tube ad-
ministration.

Previously published meta-analyses reported find-
ings focused on safety and effectiveness [8-10]. Our
systematic review builds upon their findings by answer-
ing questions about the bedside approach to midodrine
use and the clinical relevance of its adverse drug effects.
We determined that starting doses of 10-20 mg every 6
to 8 hours are most commonly prescribed. Although
the studies included both fixed and titrated dosing, ti-
tration to an objective endpoint is prudent given the
pharmacodynamic and pharmacokinetic properties
of midodrine and the proven dose-response for blood

Table 7. Where midodrine may be consider and avoided

Some Experience - Likely Safe

Limited Experience — Use Caution

Available online at: www.jccm.ro

pressure. Utilization of dosing protocols for IVPs and
midodrine might improve the safety and effectiveness
of both.

This systematic review has limitations, one of which
is its semi-quantitative design. We chose not to pursue
a full meta-analysis due to the heterogeneity and low
quality of the data available. Though RCTs are gener-
ally considered the highest quality of evidence, many
midodrine studies were unblinded, used fixed doses
or dosing intervals twice as long as shown to be effec-
tive [2-4,5,15-26]. Accordingly, we felt that including
a broader sample of published data may provide addi-
tional information despite potential decreases in qual-
ity. We acknowledge that norepinephrine equivalents
may have variability based on differences in base for-
mulation [31]. Our aggregation and interpretation of
adverse drug effects was limited by the specificity with
which they were reported; under reporting is likely
with retrospective reviews. Additionally, definitions of
how adverse effects were identified or defined varied
and were sometimes absent altogether.

There are many possible directions for future in-
vestigators of midodrine’s utility for shock including
evaluating fixed versus titrated dosing, optimal dosing
frequency (every 4, 6 or 8 hours), early initiation in
the emergency department, use in rural hospital set-
tings, pharmacokinetic studies of oral versus gastric
tube administration, and endpoints related to avoid-
ing IVPs, central venous catheters, and their related
complications. In summation of the studies reviewed,
we propose specific clinical scenarios and conditions
where midodrine may either be considered for use or
alternatively should be avoided (Table 7). However,
overall, a better understanding of the optimal dosing
strategy, pharmacokinetics, and clinical effectiveness of
midodrine in the setting of shock is needed and should
be a priority for investigators.

No Experience — Avoid Use Contraindications for Use

Orthostatic hypotension Vasopressor sparing

Hemodialysis hypotension Mixed shock
Septic Shock Renal failure
Vasopressor weaning Lactate clearance
Hepatorenal syndrome Bradycardia
Fixed dosing regimen Dosing every four hours
Hepatic impairment

Titrated dosing regimen

Cardiogenic shock Pheochromocytoma

Cerebral vasospasm Thyrotoxicosis
Unknown enteral absorption Urinary retention
Mechanical circulatory support

Daily dose >120 mg




Available online at: www.jccm.ro
B CONCLUSION

The literature describing midodrine for blood pres-
sure augmentation in shock is heterogeneous and com-
prised of mostly low-quality data, creating opportuni-
ties for future investigations. Controlled trials should
carefully account for midodrine’s initiation thresholds,
dose titration strategies, and the clinical relevance of
adverse drug effects to better describe its safety and ef-
fectiveness in shock.
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