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Abstract. – OBJECTIVE: This study aims to 
assess the efficacy and safety of midodrine on 
treating patients with septic shock.

MATERIALS AND METHODS: Literature 
search was conducted in PubMed, the Cochrane 
Library, and Embase. The Mantel-Haenszel meth-
od was used to calculate pooled relative risks 
(RRs) and 95% confidence intervals (95% CI). The 
mean differences (MD) or standardized mean dif-
ference (SMD) were calculated using the inverse 
variance for continuous variables. Data analysis 
was performed using Review Manager 5.3.

RESULTS: A total of 6 studies were finally in-
cluded in this meta-analysis. Adding midodrine 
to patients with septic shock was associated 
with a reduction in hospital mortality [risk ratio 
(RR) 0.76; 95% CI, 0.57-1.00; p=0.05] and inten-
sive care unit (ICU) mortality (RR 0.59; 95% CI, 
0.41-0.87; p=0.008). However, there were no sig-
nificant differences in the duration of intrave-
nous vasopressors [standardized mean differ-
ence (SMD) -0.18; 95% CI, -0.47-0.11; p=0.23], in-
travenous vasopressor reinstitution (RR 0.58; 
95% CI, 0.19-1.80; p=0.35), the length of ICU stay 
[mean difference (MD) -0.53 days; 95% CI, -2.24-
1.17; p=0.54], and the length of hospital stay (MD 
-2.40 days; 95% CI, -5.26-0.46; p=0.10) between 
midodrine group and intravenous vasopressor 
alone group.

CONCLUSIONS: The additional use of mi-
dodrine might reduce hospital mortality and ICU 
mortality in patients with septic shock. More 
high-quality randomized controlled trials are 
needed to verify this conclusion.
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Introduction

Sepsis is a life-threatening organ dysfunction 
caused by a dysregulated host response to infection. 

Septic shock is a subset of sepsis with particularly 
severe circulatory, cellular, and metabolic abnor-
malities and a higher risk of death. Septic shock is 
defined as the requirement of vasopressor to main-
tain a mean arterial pressure of 65 mmHg or higher 
and serum lactate levels greater than 2 mmol/L 
(>18 mg/dL) in the absence of hypovolemia1. The 
incidence of sepsis is reportedly 437 cases per 
100,000 person-years, with an in-hospital mortality 
rate of 17%2. Estimated mortality of sepsis patients 
treated in intensive care unit (ICU) has been found3 

to be up to 41.9%. If sepsis is confirmed or proba-
ble, antibiotics should be administered immediately, 
ideally within one hour of recognition. The Sur-
viving Sepsis Campaign guidelines4 recommends 
initial resuscitation with 30 mL/kg of crystalloid 
within 3 hours. Norepinephrine has been a first-line 
vasopressor to maintain a target mean arterial pres-
sure of 65 mmHg. Persistent hypotension becomes 
a barrier to transfer patients out of the ICU, and 
prolonged ICU stay may increase the risk of infec-
tion5, delirium6, and may even lead to ICU-acquired 
weakness7. Sepsis imposes a large financial burden 
on patients. It was reported8 that the median of the 
mean hospital-wide cost and ICU cost of sepsis 
were $32,421 and $27,461, respectively. Reducing 
the duration of ICU care has the potential to lead to 
financial savings9.

Midodrine is an oral α1 receptor agonist 
with an oral bioavailability of 93%10. It can be 
metabolized by the liver into its active ingre-
dient desglymidodrine, which increases arte-
rial blood pressure due to increased peripheral 
vasoconstriction10,11. Peak plasma concentration 
is reached approximately 1-2 hours after oral 
administration with a half-life of 3-4 hours. 
Midodrine has been used for the treatment of or-
thostatic hypotension12. Studies13-16 have shown 
that midodrine also has a role in hepatorenal 
syndrome, dialysis-induced hypotension, refrac-
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tory hypotension, and hypotension associated 
with carotid artery stenting. Adverse effects of 
midodrine reported in previous studies17 include 
hypertension, pruritus, paresthesia, and urinary 
retention. Midodrine may improve clinical out-
comes in patients with septic shock and has been 
reported18,19 to be a cost-saving treatment. Some 
studies20,21 demonstrated that midodrine reduced 
the duration of intravenous vasopressors and ICU 
stay. However, there are also studies22,23 showing 
little or no effect of midodrine on the duration of 
intravenous vasopressors or length of ICU stay. 
Whether midodrine is effective in treating septic 
shock remains controversial. In this meta-anal-
ysis, we systematically assessed the efficacy of 
midodrine in the treatment of septic shock.

Materials and Methods

Search Strategy
We searched electronic databases for relevant 

articles from inception to January 2022, includ-
ing Pubmed, Cochrane Library and Embase. We 
completed this meta-analysis following the PRIS-
MA (Preferred Reporting Items for Systemat-
ic reviews and Meta-Analyses) checklist. The 
study protocol has been registered in PROSPERO 
(ID: CRD42022308860)24. We used the following 
medical subject headings (MESH) terms and 
keywords to formulate search strategy: “Sep-
sis”, “Shock, Septic”, “Toxic Shock”, “Endotoxin 
Shock”, “Shock, Toxic”, “Septic Shock”, “Blood-
stream Infection”, “Pyemia”, “Septicemia”, “Pyo-
hemia”, “Blood Poisoning”, “Midodrine”. Two 
reviewers independently screened the literature 
based on prespecified criteria and extracted data. 
Any conflicts were resolved via discussion.

Inclusion and Exclusion Criteria
We pre-established a search strategy for study 

selection based on PICOS principles (Partici-
pants, Interventions, Comparisons, Outcomes, 
and Study Design): 1. Participants: patients had 
a diagnosis of septic shock and required in-
travenous vasopressor treatment; 2. Intervention 
group: intravenous vasopressor plus midodrine; 
3. Comparison group: intravenous vasopressor 
alone or plus placebo; 4. Outcomes: hospital 
mortality, ICU mortality, intravenous vasopres-
sor duration, intravenous vasopressors reinstitu-
tion, length of ICU stay, length of hospital stay. 
Midodrine-related adverse events were also re-
corded; 5. Study design: Randomized controlled 

trials (RCT) study and cohort studies, including 
conference abstracts. 

Reviews, case reports, comments, letters, 
non-human studies were excluded. Studies were 
excluded if they were written in non-English 
languages, or if a version in English was un-
available.

Statistical Analysis
Inverse Variance method for continuous variables 

and Mantel-Haenszel statistics for dichotomous vari-
ables were used. The risk ratio (RR) and mean dif-
ference (MD)/standardized mean difference (SMD) 
were used to express the effect size of dichotomous 
and continuous outcomes, respectively. 

If the study presented the data as median (in-
terquartile range), it was converted to mean±SD 
according to the methods by McGrath et al25. 
The total confidence interval was 95%. A p-val-
ue lower than 0.05 was considered to indicate 
statistically significant. I2 was used for hetero-
geneity assessment. If I2>50%, the heterogeneity 
was considered significant, and a random-effects 
model was applied; otherwise, if I2≤50%, then a 
fixed-effect model was used. Publication bias was 
tested by a funnel plot. Statistical analysis was 
performed using Review Manager 5.3 (Review 
Manager Web, The Cochrane collaboration, Co-
penhagen, Denmark).

Quality Assessment of Included Studies
The Cochrane bias assessment tool was used 

to evaluate the quality of randomized controlled 
trials (RCTs). A total of 4 RCTs19,26-28 were in-
cluded in this meta-analysis, all studies were of 
high quality (Figure 1). The quality assessment 
for cohort studies was carried out using New 
Castle-Ottawa Scale (NOS) scale. For each item 
within the selection and outcome categories, a 
maximum of one star can be given; while for 
comparability, two stars can be awarded. The 
maximum score is 9 stars, which indicates the 
highest quality. A total of 2 cohort studies21,29 
were included in this meta-analysis, with study 
quality evaluation scores of 8-9 (Table I).

Results

Study Selection and Characteristics of 
Included Studies

A total of 152 articles were obtained by da-
tabase search, and 18 studies were obtained by 
reading abstracts and preliminary screening ac-
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cording to inclusion and exclusion criteria. After 
full-text review of the remaining 18 studies, 6 
studies (4 RCTs19,26,27,29 and 2 cohort studies21,28) 
were finally included in this meta-analysis. In 
total, 565 patients were included (287 in the mi-
dodrine plus intravenous vasopressor group and 
278 in the intravenous vasopressor alone group). 
The search strategy was shown in Figure 2. The 
characteristics of included studies were summa-
rized in Table II.

Main Analysis of the Outcomes of 
Included Studies 
Hospital mortality

Three studies21,26,28 reported hospital mortal-
ity. We used a fixed-effects model since the 
heterogeneity was not significant (I2=0%). Fig-
ure 2 showed that midodrine decreased hospital 
mortality in patients with septic shock (p=0.05) 
(Figure 3). There was no evidence of publication 
bias across the included studies as the funnel plot 
was symmetric (Figure 4).

ICU mortality
Two studies19,21 reported ICU mortality. A fixed 

effect model was used as the heterogeneity was 
not significant. Midodrine was associated with 
reduced ICU mortality compared to intravenous 
vasopressors alone (p=0.008) (Figure 5). There 

was no evidence of publication bias across the 
included studies as the funnel plot was symmetric 
(Figure 6).

IV vasopressor duration
Four studies19,26,27,29 reported the duration of in-

travenous vasopressors. Because unit of time was 
inconsistent in different studies, we used SMD to 
describe the effects. As can be seen in Figure 7, 
the additional use of midodrine did not reduce the 
duration of intravenous vasopressors (p=0.23).

IV vasopressor reinstitution
As shown in Figure 821,26, treatment with mi-

dodrine did not significantly reduce the reinstitu-
tion of intravenous vasopressors in patients with 
septic shock (p=0.35).

ICU length of stay
ICU length of hospital stay was reported in 

four studies19,21,26,27, and a random-effect model 
was used for the analysis. The result showed 
that midodrine did not significantly decrease the 
length of ICU stay in patients with septic shock 
(p=0.54) (Figure 9).

Hospital length of stay
Figure 1021,27 reveals that midodrine tended to 

reduce the length of hospital stay in patients with 
septic shock, but the difference was not statis-
tically significant (p=0.1). High-quality studies 
will be necessary to confirm this result.

Midodrine-related adverse events
Only two studies21,22 reported adverse effects 

associated to additional use of midodrine. One 
study21 reported a patient with bradycardia and 
the bradycardia was resolved after withdrawal 
of midodrine. Another study22 showed that five 
cases of bradycardia were observed, and all were 
from the midodrine group (p=0.02).

Discussion

Sepsis is one of the most common causes of 
death in the ICU. The primary reason why pa-
tients with septic shock are difficult to discharge 
from the ICU is persistent hypotension. The aim 
of this study was to investigate the efficacy of 
midodrine in septic shock. This meta-analysis 
suggested that midodrine significantly reduced 
ICU mortality in patients with septic shock. 

Figure 1. Risk of bias summary for RCT studies.
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Table I. Quality assessment form for cohort studies. 

Newcastle-Ottawa quality assessment scale

                        Selection   Comparability  Outcome

Reference Representativeness  Selection of Ascertainment Demonstration Comparability Assessment  Follow-up Adequacy of
 of the the non-exposed of exposure that outcome of of cohorts on of outcome was long follow up
 exposed cohort cohort  interest was not  the basis of  enough for of cohorts
    present at start  the design or   outcomes 
    of study analysis  to occur 
Whitson et al21 2016 ★ ★ ★ ★ ★★ ★ ★ ★

Jung et al29 2018 ★ ★ ★ ★ ★ ★ ★ ★

For each item within the selection and outcome categories, a maximum of one star can be given; while for comparability, two stars can be awarded. The 4 Newcastle–Ottawa 
Scale(NOS) is available from (https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp).
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MAP: mean arterial blood pressure; BP: blood pressure; IV: intravenous; RCT: randomized controlled trial.

Table II. Characteristics of included studies.

  Type Time of Number
 Study of study patient inclusion of patients Main inclusion criteria Intervention Control

Whitson et al21 Cohort 2013-2014 275 Patients with septic shock required at Midodrine starting dose Received IV
2016 study   least 24 hours of IV adrenergic was 10 mg every 8 hours vasopressors only
    vasopressors and demonstrated a  and the dose was 
    period of clinical stability associated incrementally increased 
    with stable or decreasing doses of  until IV vasopressor was 
    IV vasopressors. not required. 

Adly et al19 2022 RCT 2017-2019  60 Adult patients with septic shock, Received IV vasopressor Received IV
    require intravenous vasopressin infusion (norepinephrine)+ vasopressor
    for 24 hours to maintain their  oral midodrine 10 mg thrice infusion
    target arterial blood pressure. daily and was discontinued  (norepinephrine)
     when targeted BP was reached. only

Jung et al29 2018 Cohort study 2013-2017 110 Adult patients with septic shock. Received midodrine plus  Received
    vasopressor therapy. vasopressor 
      therapy alone

Fakher et al28 2019 RCT -  60 Patients with septic shock required Received IV vasopressors Received IV
    at least 24 hours of IV vasopressors with adjunctive midodrine vasopressors
    and demonstrated clinical stability 10 mg every eight hours. only
    with stable or decreasing doses of  
    IV vasopressors.  

Lal et al27 2021 RCT 2017-2020  32 Adult patients (≥ 18 years old) were  Three doses of 10 mg Placebo
    included within 24 hours of meeting  midodrine vs. placebo 
    the Sepsis-3 definition if the mean  were administered. 
    arterial pressure remained lower  
    than 70 mmHg despite receiving  
    timely antibiotics and initial IV 
    fluid bolus of 30 cc/kg.  

Davoudi-Monfared RCT 2019-2020  28 Adult patients (≥ 18 years old) with Adjunctive midodrine 10 mg Intravenous
et al26 2021    septic shock. three-times a day for 5 days. vasopressors alone
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This result is similar to the finding in a previous 
study by Poveromo et al17, which revealed that 
in-hospital mortality in the midodrine group 
was significantly lower than in the vasopres-
sor-only group in adult ICU patients, [8 (8.5%) 

vs. 21 (22.3%), p=0.01]. In this meta-analysis, 
the initial dosage of midodrine ranged from 15 
mg per day to 40 mg every 8 hours. Bradycardia 
was the only midodrine-related adverse event 
observed, with an estimated incidence of 2.1%. 

Figure 2. PRISMA flow diagram.

Figure 3. The forest plot of hospital mortality.
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This result suggested that midodrine may be 
safe in this dose range in the treatment of pa-
tients with septic shock.

Midodrine is an oral alerfa-1 adrenergic re-
ceptor agonist. It increases vessel tone and ac-
celerate weaning of intravenous vasopressors. 
It has been approved by the Food and Drug 
Administration (FDA)30 for the treatment of 
symptomatic orthostatic hypotension. Whether 
midodrine is an effective treatment in patients 
with septic shock is still under debate. To our 
knowledge, this is the first meta-analysis to ex-
amine the efficacy of midodrine in septic shock. 
Our findings that midodrine reduces ICU and 
hospital mortality may provide some clues for 
future treatment of septic shock. However, due 
to the relatively small number of patients en-
rolled in the current studies, there may be some 
confounding factors. Therefore, high-quality 
studies are needed in the future to further as-
sess whether midodrine can serve as a standard 
treatment in septic shock.

Midodrine is increasingly being used to in-
crease mean arterial pressure in ICU patients 
and accelerate the weaning of intravenous va-
sopressors31. Levine et al20 found that oral mi-

dodrine increased the reduction in intravenous 
vasopressors in surgical ICU patients. They 
also found that midodrine facilitated the with-
drawal of intravenous vasopressors and has-
tened ICU discharge. ICU stay imposes a large 
economic burden to septic shock patients. Adly 
et al19 performed a cost-effectiveness analysis 
and found that midodrine plus IV vasopressor 
was more cost-effective than IV vasopressor 
only to treat patients with septic shock. The 
results of this meta-analysis did not show any 
significant benefit of midodrine in reducing 
ICU length of stay. A previous meta-analysis23 
reported that midodrine did not reduce ICU 
length of stay in patients with shock in the 
intensive care unit, which was in line with our 
study. The previous study23 population includ-
ed cardiogenic, traumatic, and sepsis-induced 
shock. As we know, midodrine exhibits ago-
nism at the alerfa-1 receptor but no cardiotonic 
effects; therefore, a more detailed, systematic 
evaluation is needed when it is used in pa-
tients with cardiogenic shock. Septic shock is 
characterized by decreased vascular tone and 
peripheral vasodilation; hence, it is suggested 
that midodrine plays a more important role in 
septic shock patients than other types of shock. 
A multicenter, randomized, controlled study32 
assessing the efficacy of midodrine in shock 
patients is ongoing, giving the potential to 
perform subgroup analysis on etiology (Clini-
calTrials.gov NCT05058612).

Limitations
This meta-analysis also has certain limita-

tions. The included studies19,21,26-29 differed in 
midodrine dose, timing of initiation, and timing 
of withdrawal. The current studies on the effica-
cy of midodrine in septic shock included a small 
number of patients; some had large weights, 
which had a large impact on the pooled effect 
size. The conclusion may have been greatly 

Figure 4. The funnel plot of hospital mortality.

Figure 5. The forest plot of ICU mortality.
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Figure 6. The funnel plot of ICU mortality.

Figure 7. The forest plot of IV vasopressor duration.

Figure 8. The forest plot of IV vasopressor reinstitution.

Figure 9. The forest plot of ICU length of stay.

Figure 10. The forest plot of hospital length of stay.
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influenced by some unmeasured confounding 
factors; therefore, further rigorously designed 
studies with large sample sizes are needed to 
confirm our conclusions. There are currently no 
RCTs or cohort studies comparing the efficacy 
between different doses and initiation strategies 
of midodrine in septic shock; it is unfortunate 
and may be one of the future research directions. 
In addition, the current studies only assessed 
the effect of midodrine on short-term mortal-
ity (ICU mortality and in-hospital mortality) 
in septic shock but did not assess the effect on 
long-term mortality (half-year or even 1-year 
mortality). A previous study33 showed that dis-
charge from ICU on midodrine was associated 
with a significantly reduced risk of in-hospital 
mortality [hazard ratio, 0.47 (95% CI, 0.32-
0.70); p<0.001); however, patients who were 
discharged from the hospital on midodrine had 
a higher risk of 1-year mortality [hazard ratio, 
1.60 (95% CI, 1.26-2.04); p<0.001].

Conclusions

Additional use of midodrine in septic shock 
may reduce ICU mortality and hospital mortality. 
However, this conclusion may have been affected 
by unmeasured confounders and needs to be fur-
ther verified by more rigorous studies.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
Thanks to all authors who contributed to this meta-analysis.

Funding
No financial support.

Authors’ Contribution
Q.-F. He participated in article drafting, study design, data 
integration, statistical analysis and writing. X.-K. Xing and 
T.-Q. Wang participated in literature screening and data ex-
traction, and Z.-X. Jiang participated in verification and re-
view. G. Zhang participated in the study design, revision of 
article content, data review and article approval.

Ethics Approval
This article does not include any human or animal research 
conducted by the authors.

Informed Consent
This article does not contain any research conducted by the 
authors on humans and therefore does not require any in-
formed consent.

ORCID ID
G. Zhang: 0000-0002-5858-4825.

Availability of Data and Materials
All data generated during this study are from previously 
published studies.We cited all the included studies.

References

 1) Singer M, Deutschman CS, Seymour CW, Shan-
kar-Hari M, Annane D, Bauer M, Bellomo R, Ber-
nard GR, Chiche JD, Coopersmith CM, Hotchkiss 
RS, Levy MM, Marshall JC, Martin GS, Opal SM, 
Rubenfeld GD, van der Poll T, Vincent JL, Angus 
DC. The Third International Consensus Defini-
tions for Sepsis and Septic Shock (Sepsis-3). JA-
MA 2016; 315: 801-810.

 2) Fleischmann C, Scherag A, Adhikari NK, Hartog 
CS, Tsaganos T, Schlattmann P, Angus DC, Re-
inhart K; International Forum of Acute Care Trial-
ists. Assessment of Global Incidence and Mortality 
of Hospital-treated Sepsis. Current Estimates and 
Limitations. Am J Respir Crit Care Med 2016; 193: 
259-272.

 3) Fleischmann-Struzek C, Mellhammar L, Rose N, 
Cassini A, Rudd KE, Schlattmann P, Allegranzi B, 
Reinhart K. Incidence and mortality of hospital- 
and ICU-treated sepsis: results from an updated 
and expanded systematic review and meta-anal-
ysis. Intensive Care Med 2020; 46: 1552-1562.

 4) Evans L, Rhodes A, Alhazzani W, Antonelli M, 
Coopersmith CM, French C, Machado FR, Mcin-
tyre L, Ostermann M, Prescott HC, Schorr C, 
Simpson S, Wiersinga WJ, Alshamsi F, Angus 
DC, Arabi Y, Azevedo L, Beale R, Beilman G, Bel-
ley-Cote E, Burry L, Cecconi M, Centofanti J, Coz 
Yataco A, De Waele J, Dellinger RP, Doi K, Du 
B, Estenssoro E, Ferrer R, Gomersall C, Hodg-
son C, Møller MH, Iwashyna T, Jacob S, Klein-
pell R, Klompas M, Koh Y, Kumar A, Kwizera A, 
Lobo S, Masur H, McGloughlin S, Mehta S, Me-
hta Y, Mer M, Nunnally M, Oczkowski S, Osborn 
T, Papathanassoglou E, Perner A, Puskarich M, 
Roberts J, Schweickert W, Seckel M, Sevransky 
J, Sprung CL, Welte T, Zimmerman J, Levy M. 
Surviving Sepsis Campaign: International Guide-
lines for Management of Sepsis and Septic Shock 
2021. Intensive Care Med 2021; 47: 1181-1247.

 5) Zhou Y, Yu F, Yu Y, Zhang Y, Jiang Y. Clinical sig-
nificance of MDRO screening and infection risk 
factor analysis in the ICU. Am J Transl Res 2021; 
13: 3717-3723.

 6) Palakshappa JA, Hough CL. How We Prevent 
and Treat Delirium in the ICU. Chest 2021; 160: 
1326-1334.



Q.-F. He, X.-K. Xing, T.-Q. Wang, Z.-X. Jiang, G. Zhang

4220

 7) Vanhorebeek I, Latronico N, Van den Berghe 
G. ICU-acquired weakness. Intensive Care Med 
2020; 46: 637-653.

 8) Arefian H, Heublein S, Scherag A, Brunkhorst 
FM, Younis MZ, Moerer O, Fischer D, Hartmann 
M. Hospital-related cost of sepsis: A systematic 
review. J Infect 2017; 74: 107-117.

 9) Self WH, Liu D, Strayer N, Russ S, Ward MJ, Sha-
piro NI, Rice TW, Semler MW. Charge Reduc-
tions Associated With Shorter Time to Recovery 
in Septic Shock. Chest 2019; 155: 315-321.

10) Smith SE, Peters NA, Floris LM, Patterson JM, 
Hawkins WA. Putting midodrine on the MAP: An 
approach to liberation from intravenous vaso-
pressors in vasodilatory shock. Am J Health Syst 
Pharm 2022; 79: 1047-1055.

11) Tchen S, Sullivan JB. Clinical utility of midodrine 
and methylene blue as catecholamine-sparing 
agents in intensive care unit patients with shock. 
J Crit Care 2020; 57: 148-156.

12) Izcovich A, González Malla C, Manzotti M, Cata-
lano HN, Guyatt G. Midodrine for orthostatic hy-
potension and recurrent reflex syncope: A sys-
tematic review. Neurology 2014; 83: 1170-1177.

13) Sharma S, Lardizabal JA, Bhambi B. Oral mi-
dodrine is effective for the treatment of hypoten-
sion associated with carotid artery stenting. J 
Cardiovasc Pharmacol Ther 2008; 13: 94-97.

14) Prakash S, Garg AX, Heidenheim AP, House AA. 
Midodrine appears to be safe and effective for di-
alysis-induced hypotension: a systematic review. 
Nephrol Dial Transplant 2004; 19: 2553-2558.

15) Esrailian E, Pantangco ER, Kyulo NL, Hu KQ, 
Runyon BA. Octreotide/Midodrine therapy signifi-
cantly improves renal function and 30-day surviv-
al in patients with type 1 hepatorenal syndrome. 
Dig Dis Sci 2007; 52: 742-748.

16) Gonzalez-Cordero A, Ortiz-Troche S, Nieves-Ri-
vera J, Mesa-Pabón M, Franqui-Rivera H. Mi-
dodrine in end-stage heart failure. BMJ Support 
Palliat Care 2020; bmjspcare-2020-002369. 

17) Poveromo LB, Michalets EL, Sutherland SE. Mi-
dodrine for the weaning of vasopressor infusions. 
J Clin Pharm Ther 2016; 41: 260-265.

18) Teboul JL, Duranteau J, Russell JA. Intensive 
care medicine in 2050: vasopressors in sepsis. 
Intensive Care Med 2018; 44: 1130-1132.

19) Adly DHE, Bazan NS, El Borolossy RM, Anan IF, 
Fakher MA, El Wakeel LM. Midodrine improves 
clinical and economic outcomes in patients with 
septic shock: a randomized controlled clinical tri-
al. Ir J Med Sci 2022; 191: 2785-2795.

20) Levine AR, Meyer MJ, Bittner EA, Berg S, Kalman 
R, Stanislaus AB, Ryan C, Ball SA, Eikermann M. 
Oral midodrine treatment accelerates the liberation 
of intensive care unit patients from intravenous va-
sopressor infusions. J Crit Care 2013; 28: 756-762.

21) Whitson MR, Mo E, Nabi T, Healy L, Koenig S, 
Narasimhan M, Mayo PH. Feasibility, Utility, and 
Safety of Midodrine During Recovery Phase From 
Septic Shock. Chest 2016; 149: 1380-1383.

22) Santer P, Anstey MH, Patrocínio MD, Wibrow B, 
Teja B, Shay D, Shaefi S, Parsons CS, Houle TT, 
Eikermann M; MIDAS Study Group. Effect of mi-
dodrine versus placebo on time to vasopressor 
discontinuation in patients with persistent hypo-
tension in the intensive care unit (MIDAS): an 
international randomised clinical trial. Intensive 
Care Med 2020; 46: 1884-1893.

23) Hammond DA, Smith MN, Peksa GD, Trivedi AP, 
Balk RA, Menich BE. Midodrine as an Adjuvant to 
Intravenous Vasopressor Agents in Adults With Re-
solving Shock: Systematic Review and Meta-Analy-
sis. J Intensive Care Med 2020; 35: 1209-1215.

24) He QF, Zhang GE. Is midodrine beneficial in 
treating patients with sepsis or septic shock? 
A systematic review and meta-analysis. PROS-
PERO. 2022 CRD42022308860 Available from: 
https://www.crd.york.ac.uk/prospero/display_re-
cord.php?ID=CRD42022308860

25) McGrath S, Zhao X, Steele R, Thombs BD, 
Benedetti A; DEPRESsion Screening Data (DE-
PRESSD) Collaboration. Estimating the sample 
mean and standard deviation from commonly re-
ported quantiles in meta-analysis. Stat Methods 
Med Res 2020; 29: 2520-2537.

26) Davoudi-Monfared E, Mohammadi M, Khosha-
vi M, Khalili H. The effect of midodrine on lac-
tate clearance in patients with septic shock: a pi-
lot study. J Comp Eff Res 2021; 10: 673-683.

27) Lal A, Trivedi V, Rizvi MS, Amsbaugh A, Myers 
MK, Saleh K, Kashyap R, Gajic O. Oral Midodrine 
Administration During the First 24 Hours of Sep-
sis to Reduce the Need of Vasoactive Agents: 
Placebo-Controlled Feasibility Clinical Trial. Crit 
Care Explor 2021; 3: e0382.

28) Fakher M, Mohamed A, Mashoor K, Alsharif A. 
Impact of oral Midodrine in weaning vasoactive 
infusions in patients admitted with septic shock. 
ICMx 2019; 7: 001653.

29   Jung S, Tran V, Kin-Ney J. Midodrine for the treat-
ment of septic shock: A possible bridge off vaso-
pressors. JACCP 2018; 1: 2.

30) Buckley MS, Barletta JF, Smithburger PL, Rados-
evich JJ, Kane-Gill SL. Catecholamine Vasopres-
sor Support Sparing Strategies in Vasodilatory 
Shock. Pharmacotherapy 2019; 39: 382-398.

31) Rizvi MS, Trivedi V, Nasim F, Lin E, Kashyap R, 
Andrijasevic N, Gajic O. Trends in Use of Mi-
dodrine in the ICU: A Single-Center Retrospective 
Case Series. Crit Care Med 2018; 46: e628-e633.

32) Opgenorth D, Baig N, Fiest K, Karvellas C, Kut-
sogiannis J, Lau V, Macintyre E, Senaratne J, 
Slemko J, Sligl W, Wang X, Bagshaw SM, Rewa 
OG. LIBERATE: a study protocol for midodrine for 
the early liberation from vasopressor support in 
the intensive care unit (LIBERATE): protocol for a 
randomized controlled trial. Trials 2022; 23: 194.

33) Rizvi MS, Nei AM, Gajic O, Mara KC, Barreto EF. 
Continuation of Newly Initiated Midodrine Thera-
py After Intensive Care and Hospital Discharge: 
A Single-Center Retrospective Study. Crit Care 
Med 2019; 47: e648-e653.


