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Background: The effect of midodrine on lactate clearance has not been assessed in critically ill patients
yet. Objective: The goal of this study was to assess the effect of adjunctive midodrine therapy on lactate
clearance in patients with septic shock. Materials & methods: Patients with septic shock were assigned to
receive either adjunctive midodrine 10 mg three-times a day for 5 days (midodrine group = 15 patients) or
not (control group = 13 patients). Results: The lactate clearance was significantly faster in the midodrine
group than the control group (p = 0.049) with a large effect size (nzp =0.141). Conclusion: When midodrine
was added to intravenous vasopressors, it significantly accelerated lactate clearance in patients with septic
shock.
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Septic shock is a major cause of death in critically ill patients [1]. It also can lead to multi-organ failure [2). The
burden of septic shock is considerable and more than 25,000 dollars for each patient was paid, while the mortality
rate is estimated to be more than 50% [3,4].

The pathophysiology of septic shock is complex. Hypovolemia, decreased systemic vascular resistance and my-
ocardial depression are main known pathologic events in septic shock [5]. These finally cause persistent hypotension
and high levels of serum lactate that may not be corrected only by fluid resuscitation. Increased serum lactate level
is a sign of tissue hypoxemia.

Serum lactate level was proposed as a predictor of complications and mortality in sepsis and septic shock [6].
Later, serial lactate assay was proposed over single serum lactate measurement [7] and lactate clearance has been
accepted as an indicator of adequate fluid resuscitation in sepsis [8]. Compared with the earlier markers like central
venous oxygen saturation, was more accurate in evaluating effectiveness of fluid therapy in patients with sepsis [9].

According to the latest Surviving Sepsis Campaign; international guidelines for management of sepsis and septic
shock; the vasopressor of choice in treatment of septic shock is norepinephrine [10]. If the desired response is
not attained, vasopressin or epinephrine can be added. Vasopressor therapy is almost accompanied with various
adverse effects. Decreased organ perfusion and tissue ischemia due to excessive vasoconstriction, hyperglycemia,
hyperlactatemia and tachyarrhythmia are common [11]. Selection of an appropriate vasopressor in patients with
septic shock is a challenging issue [12].

Orral vasopressors may be potential options in management of sepsis and septic shock [13]. Midodrine is an oral
vasopressor with alpha-agonist activity that has been approved for management of orthostatic hypotension. It has
also shown promising results in management of intradialytic hypotension, hepato-renal syndrome and hypotension
in patients with cirrhosis [14]. Recently, it is proposed as an oral vasopressor in management of sepsis and septic Future
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shock [15,16]. In patients with septic shock, midodrine decreased intravenous vasopressor requirement and length
of intensive care unit (ICU) stay [17,18]. However, the effect of midodrine on the lactate clearance has not been
assessed in critically ill patients. The goal of this study was to assess the effect of adjunctive midodrine on the lactate
clearance in patients with septic shock.

Materials & methods

Study design

This pilot study was performed in General ICU of Imam Khomeini Hospital Complex, Tehran, Iran, from
September 2019 to July 2020. Ethics Committee of Tehran University of Medical Sciences approved the study
(IR-TUMS.TIPS.REC.1398.042). This study was registered as a clinical trial IRCT20100228003449N25).

Patient recruitment

Adult patients (>18 years old) with diagnosis of septic shock who required intravenous vasopressor to maintain
mean arterial blood pressure (MAP) >65 mmHg were considered. Persistent hypotension, MAP <65 mmHg and
serum lactate level >2 mg/dl despite fluid resuscitation was considered as septic shock [10]. Patients were eligible
when signed the informed consent documents. If a patient was unconscious, one of the responsible family members
signed the informed consent form. Patients who had either of following conditions were excluded; 24 h or more
was passed since the diagnosis of septic shock, chronic kidney disease with glomerular filtration rate less than
30 ml/min, neurogenic bladder and urination disorders, peripheral arterial diseases, sclerodermia, heart rate less
than 60 beats per min and receiving midordrine before for any other reasons. Patients were randomly assigned to
either midodrine or control group according to the simple randomization method.

Treatment protocol

The fluid resuscitation in the first 3 h of the diagnosis of septic shock was done using isotonic saline. Infusion
of norepinephrine (NEP) was started at the dose of 10 mcg/min and then was adjusted to maintain MAP above
65 mmHg. Patients in the midodrine group received oral midodrine (10 mg three-times daily) in addition to NEP
for up to 5 days. Conscious patients received midodrine orally. For other patients the tablets were crushed and
administered through nasogastric tube. Patients in the control group received only NEP.

When fluid and vasopressor therapy were not successful to maintain MAP above 65 mmHg, intravenous
hydrocortisone at dose of 200 mg/day in four equally divided doses was added to the treatment regimen. Broad-
spectrum antimicrobials were started within the first 3 h of the study considering probable sources of infection.
The antimicrobials were de-escalated according to the clinical status of the patients and microbial culture results in
the next steps.

Stress ulcer prophylaxis was considered for patients who were on mechanical ventilation for more than 48 h or had
coagulopathy (international normalized ratio >1.5, or partial thromboplastin time >two-times the baseline value,
platelet count <50,000/ul) or other high-risk conditions [19]. Need for venous thromboembolism prophylaxis was
assessed by Padua score [20]. If a patient required analgesic, acetaminophen was considered at first. The next step
for analgesia was oral or intravenous opioids. If indicated, fentanyl infusion was stared for sedation. Sedation was
adjusted to achieve 0 to -1 score in the Richmond sedation and agitation scale [21].

Calorie requirement of the patients with considering the baseline physiologic stress levels was targeted between
20 and 35 kcal/kg/day. Enteral feeding was considered as preferred route for metabolic support. Prokinetics such
as metoclopramide was administered if required. If enteral feeding was not possible, parenteral nutrition was
considered.

Data collection

Patients’ demographic characteristics, baseline comorbidities, suspected sources of infection, laboratory data includ-
ing initial and serial serum lactate values, cell blood count, electrolytes, liver and kidney function tests, inflammatory
markers, microbial cultures and outcomes were recorded. Also, vital signs and hemodynamic parameters were closely
monitored in daily interval during the study period. All medications and events were recorded during the ICU stay.

Outcome assessment
Lactate clearance was considered as the primary outcome of the study. Serum lactate measurements were considered
at baseline and 4, 24 and 28 h after. Nova Stat Strip Xpress Lactate Meters was used for serum lactate measurement.
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The measurement is through an electrochemical sensor by mixing blood sample with lactate oxidaze. While chemical
reaction happens, an electric current is started. Lactate concentration determines the amount of current. The strips
detect lactate levels in range of 2.7-180 mg/dl (0.3—20 mmol/l). Lactate measurements were strongly correlated
with the reference values (r = 0.92-0.97). Lactate clearance was calculated by the formula below:

Lactate initial — lactate delayed

Lactate clearance = x 100

Lactate initial

Secondary outcome was dose of vasopressor during the intervention period. Also, complications and clinical events
during the ICU stay were recorded. Acute kidney injury was defined according to the KDIGO guideline [22].
Hepatic impairment was described as hepatic aminotransferases serum levels above three-times the upper limit of
normal or serum total bilirubin above 2 mg/dl [23]. Thrombocytopenia was considered as platelet count below
20,000/ pl. Anemia was also defined as hemoglobin below 7 mg/dl. Leukocytosis was regarded as white blood cell
count above 12,000 cells/pl.

Patients were followed for 28 days and length of ICU stay and 28-day mortality was reported.

Statistical analysis

Continuous variables were reported as median and interquartile range. Nominal variables were reported as percent-
age (%). For comparing continuous variables, normal distribution was assessed by Kolmogorov—Smirnov test. If
the test was passed, independent sample t-test was performed. Otherwise, Mann—Whitney test was used. Nominal
variables were compared by Chi-square test.

The analysis was performed on ‘intention-to-treat’ basis. Lactate clearance was calculated for 04, 4-24 and
24-28 h intervals. Repeated measurement analysis of variance was applied to compare changes in the variables
during the intervention period. The effect size was calculated as partial Eta squared (ni). Considering lactate
clearance as primary outcome, number of patients in each group, mean changes of lactate clearance and Type 1
error (o = 0.05), power of the study was calculated. All data analyses were conducted using SPSS software (version
21.0).

Results

In the study period 15 patients in the midodrine group and 13 patients in the control group completed the trial
(Figure 1). The median age of patients in the midodrine and control group was 58 and 57 years, respectively.
Cardiovascular diseases and diabetes mellitus were among the most common comorbidities in both groups. Other
baseline characteristics are shown in Table 1.

Mean =+ standard deviation (SD) of acute physiology and chronic health evaluation II (APACHE II) score at
the time of inclusion was 17.06 £ 3.15 in the midodrine group and 16.15 £ 4.01 in the control group (p = 0.10).
Also, mean = standard deviation of baseline sequential organ failure assessment (SOFA) score was 7.50 &= 2.17 in
the midodrine group and 8.30 =+ 2.25 in the control group (p = 0.99).

Most patients admitted to ICU for postoperative care. Other causes of ICU admission were respiratory failure,
decreased level of consciousness and trauma. The probable sources of sepsis were investigated in all patients,
although sometimes it was not possible to find the reason (Table 2). No significant difference was between the
groups regarding the reasons for ICU admission and sources of sepsis.

Baseline patients’ laboratory data are shown in Table 3. There was no significant difference in terms of the
laboratory tests between the groups. The medications that were administered during ICU stay are listed in Table 4.
Asitis expected, antibiotics are among the frequently administered medications. Data about isolated microorganisms
are also summarized in Table 5.

The primary outcome of the study was lactate clearance (Table 6). Although in pairwise comparison, lactate
clearance was not significantly different between the groups, however lactate clearance occurred significantly faster
in the midodrine group than the control group (p = 0.049) with a large effect size (n; =0.141).

The vasopressor dose was significantly different between the groups at third day. Also, more patients in the
midodrine group were free from vasopressor at third day compared with the control group (66 vs 46%). However,
change in the vasopressor dose was not significantly different between the groups through the study period.
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59 patients were diagnosed with septic
shock

— 18 patients had GFR less than 30 ml/min

— 6 patients were not included due to more
than 24 hours lapsed from diagnosis of
septic shock

— 2 patients were taking midodrine for ascites

— 2 patients had heart rates less than 60

beats/min
31 patients were recruited
The patients were randomly assigned to
either midodrine or control group
14 patients were allocated to the control 17 patients were allocated to the midodrine
group group
— 1 patient was — 1 patient did not
transferred from sign the informed
ICU consent form

— 1 patient was
transferred from
ICU

13 patients completed the trial

as the control group 15 patients completed the trial

as the midodrine group

Figure 1. Consort flowchart of study.
GFR: Glomerular filtration rate; ICU: Intensive care unit.

Median (interquartile range) length of ICU stay was 8 (4-15) and 12 (4.5-20) in the midodrine and control
group, respectively. Although it was shorter in the midodrine group but the difference was not statistically significant
(p=0.55).

Up to day 28, eight (55.3%) patients in the midodrine group and nine (69.2%) patients in the control group
died. However, the difference was not statistically significant (p = 0.32). Bradycardia (as an important side effect of
midodrine) was not detected in any patient. Also, other events were comparable between the groups (Table 7).

Discussion
In this study, midodrine accelerated lactate clearance in patients with septic shock when was added to intravenous
vasopressors. Also, patients who received midodrine required significantly lower doses of the intravenous vasopressors
in the third day of treatment. However, midodrine did not change duration of vasopressor requirement, length of
ICU-stay and 28-day mortality. This is the first study that has evaluated the effect of midodrine on lactate elimination
in patients with septic shock. Increase in rate of lactate clearance and decrease in vasopressor requirement may be
considered as signs of successful resuscitation in patients with septic shock.

Midodrine as an alpha-agonist is used for management of orthostatic hypotension. In addition to its growing use
in the treatment of hepatorenal syndrome, it has shown some advantages in other conditions including intradialytic
hypotension [24,25].
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Table 1. Baseline characteristics of patients

Parameter Midodrine group (n = 15), median (IQR) Control group (n = 13), median (IQR) p-value
Age (year) 58 (50-70) 57 (46-70) 0.34
Height (cm) 165 (155-170) 170 (162-176) 0.36
Weight (kg) 70 (65-95) 75 (70-87) 0.19
BMI 27 (20-29) 25 (24-30) 0.28
Gender Male: 8 (53.3) female: 7 (46.7) Male: 6 (46.2) female: 7 (53.8) 0.50

Habitual history, n (%)

- Smoking 3(20.0) 3(23.1) 0.60
- Opium 4(26.7) 2(15.4) 0.40
— Alcohol 0 0 -
— Drug abuse 0 0 -

Baseline diseases, n (%)

— Diabetes mellitus 3 (20) 5(38.5) 0.25
— Cardiovascular diseases 5(33.3) 4 (30.8) 0.60
— Hypertension 4(26.7) 6 (46.2) 0.24
— Endocrine disease 1(6.7) 1(7.7) 0.72
— Rheumatologic disease 1(6.7) 0 0.53
- Renal disease 2(13.3) 4(30.8) 0.25
— Liver disease 4(26.7) 3(23.1) 0.58
— Respiratory disease 1(6.7) 2(15.4) 0.55
— Neuropsychiatric disease 1(6.7) 2 (15.4) 0.44
— Malignancy 4(26.7) 1(7.7) 0.21
—Transplant 1(6.7) 0 0.53
— Hematologic disease 0 0 -

Past drug history, n (%)

- ARB 5(33.3) 4 (30.8) 0.60
— Beta-blocker 3(20) 7 (53.8) 0.07
— Metformin 0 2(15.4) 0.20
— Insulin 1(6.7) 0 0.53
—ASA 2(13.3) 3(23.1) 0.42
— NSAIDs 0 1(7.7) 0.46
— Corticostroide 1(6.7) 1(7.7) 0.72
— Immunosuppressant 4(26.7) 0 0.06
— Antibiotics (within past three months) 3 (20) 4(30.8) 0.41

ARB: Angiotensin receptor blocker; ASA: Aspirin; IQR: Interquartile range; NSAID: Nonsteroidal anti-inflammatory drug.

Table 2. Probable sources of infection

Variable Midodrine group (n = 15), n (%) Control group (n = 13), n (%) p-value
Pneumonia 1(6.7) 5(38.5) 0.056
Bacteremia 1(6.7) 0 0.53
Intra-abdominal infection 9 (60) 7 (53.8) 0.52
Urinary infection 1(6.7) 0 0.53
Fungal infection 1(6.7) 0 0.53
Other causes 2(13.4) 1(7.7) 0.35

The increase in serum lactate concentration (hyperlactatemia) was suggested as a marker for diagnosis of severe
sepsis [26]. Later, it was shown that serum lactate level may predict mortality in severe sepsis even in patients without
shock and organ failure [27). Next studies have shown that lactate clearance in early phase of septic shock might be
more accurate than just a single serum lactate level to predict outcome [7,28]. Lactate clearance is now considered as
a laboratory marker for assessing effectiveness of resuscitation in the first phase of septic shock [29].
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Lab data
WBC (108/1)
Hb (g/1)

Plt (10%/1)
Urea (mg/dl)
SrCr (mgy/dl)
Na (mEq/I)
K (mEq/I)

Ca (mg/dl)

P (mg/dl)
Mg (mg/dl)
AST (U/1)
ALT (U/1)
Bilirubin (mg/dl)
INR

Alb (g/dl)
ESR (mm/h)
CRP (mg/I)
PCT (ng/ml)

Midodrine group (n = 15), median (IQR) Control group (n = 13), median (IQR)

13,500 (5400-18,700)

9.7 (8.7-11.4)
252 (161-301)
49 (29-76)
1.2(0.9-1.7)
138 (135-140)

4 (3.5-4.2)

8.2 (7.85-9.05)
3.8 (2.85-4.5)
2.2(1.8-2.5)
33(29-127)

26 (14-45)
1.1(0.6-2.2)
1.44 (1.26-1.70)
2.75(2.17-3.20)
32 (13-98)

72 (40-118)

7.2 (0.63-15.8)

9600 (5300-12,600)

9.9 (9.15-11.25)
205 (100-288.5)
69 (43-99)

1.3 (0.85-1.95)
140 (135-143)
4(3.2-4.3)
7.5(7.2-8.3)
3(2.4-3.6)
2.05(1.8-2.3)
21 (17-35)

17 (13-28)

0.9 (0.55-1.15)
1.7 (1.37-2.10)
2.80 (2.50-3.05)
22 (3-87)

66 (40-126)
3.8(0.55-12.84)

p-value
0.57
0.83
0.24
0.095
0.95
0.38
0.80
0.15
0.056
0.30
0.12
0.33
0.11
0.98
0.65
0.60
0.78
0.45

ESR: Erythrocyte sedimentation rate; Hb: Hemoglobin; INR: International normalized ratio; IQR: Interquartile range; Plt: Platelet; SrCr: Serum creatinine; WBC: White blood cell count.

Table 4. Medications during ICU stay.

Medication

PPI

Heparin
Vancomycine
Linezolid
Meropenem
Piperacillin-tazobactam
Ampisulbactam
Clindamycin
Ciprofloxacin
Levofloxacin
Colistin
Benzodiazepine
Antipsychotic

ARB

Betablocker
Calcium channel blocker
Furosemide
Magnesium infusion
Corticosteroid
Caspofungin

Amphotricin B

ARB: Angiotensin receptor blocker; ICU: Intensive care unit; PPI: Proton pump inhibitor.

Midodrine group (n = 15), n (%)

15 (100)
15 (100)
10 (66.6)
6 (40)
11(73.3)
7 (46.6)
0

1(6.6)

6 (40)

4 (26.6)
6 (40)
11(73.3)
7 (46.6)
4 (26.6)
4 (26.6)
1(6.6)

6 (40)

4 (26.6)
12 (80)
4 (26.6)
1(6.6)

Control group (n = 13), n (%)

13 (100)
13 (100)
8(61.5)
6 (46.1)
12 (92.3)
2(15.3)
3(23.0)
4 (30.7)
4 (30.7)
8(61.6)
4 (30.7)
13 (100)
7 (53.8)
4(30.7)
5(38.4)
3(23.0)
6 (46.1)
3(23.0)
9(69.2)
3(23.0)
0

p-value

0.54
0.52
0.21
0.08
0.08
0.12
0.45
0.069
0.45
0.067
0.50
0.56
0.39
0.24
0.52
0.58
0.41
0.58
0.53

Not only rate of production but also rate of elimination can affect serum lactate level. In the healthy condition,

lactate is predominantly eliminated by hepatic metabolism through monocarboxylate transporters and diffusion
phenomenon. Remaining lactate is changed to pyruvate and a minor part is cleared by the kidney (less than 5%) 301.
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Table 5. Isolated microorganisms

Variable Midodrine (n = 15), n (%) Control (n = 13), n (%)

Source of microorganism

- Blood 5(33.3) 5(38.5)
- Urine 5(33.3) 2(15.4)
- Tracheal 5(33.3) 8(61.5)
- Other 3(20) 2(15.4)
Isolated microorganism

- Klebsiella pneumonia 4 (26.7) 6 (46.2)
— Acinetobacter baumannii 1(6.7) 3(23.1)
— Escherichia coli 2(13.3) 0

— Pseudomonas aeroginusa 2(13.3) 0

- Staphylococcus aureus 0 1(7.7)
— Staphylococcus epidermidis 2(13.3) 4 (30.8)
— Entrococcus spp. 3(20) 2(15.4)
—Fungus 4(26.7) 2(15.4)
— Other 2(13.3) 2(15.4)

Table 6. Outcomes of study

Outcomes Midodrine (n = 15), median (IQR) Control (n = 13), median (IQR) p-value

Lactate clearance

— Baseline serum lactate level (mmol/I) 3.3(2.7-5.6) 3.3(2.7-4.5) 0.35

- Lactate clearance 1 (04 h) (%) 24 (0-48) -6 (-31t0 17) 0.92F 0.049%
— Lactate clearance 2 (4-24 h) (%) 28 (0-53) 7 (-3 to 45) 0.72%

- Lactate clearance 3 (24-28 h) (%) 19 (0-50) 15 (-24 to 37) 0.2F

Dose of vasopressor (ig/min) through days 1-5

—Day 1 10 (8.7-10.5) 10 (10-10) 0.96% 0.15%
—Day 2 9 (5-15) 13 (5-24) 0.27%

—Day 3 5 (0-10) 5 (2.5-26) 0.007f

—Day 4 0 (0-5.7) 3 (0-15) 0.46%

—-Day 5 0 (0-5) 0 (0-15) 0.32f

Other outcomes

- Duration of vasopressor therapy (days) 4 (2-8) 5(3-11) 0.36

— Duration of mechanical ventilation (days) 13 (4-25) 11 (5-17) 0.66

— Length of ICU stay (days) 8 (4-15) 12 (4.5-20) 0.55

— Reinitiating of vasopressor, n (%) 4 (26.7%) 5 (38.5%) 0.39

— 28-day mortality 8(53.3%) 9 (69.2%) 0.32

T Pairwise comparison.
Between the groups comparison.
ICU: Intensive care unit; IQR: Interquartile range.

In the case of critical illness, the role of kidney is upgraded either in excretion (up to 10%) or in metabolism (up
to 30%) [31].

Midodrine can improve renal hemodynamic by enhancing renal resistance index and renal perfusion [3,32,33].
It has a supportive role in hepatorenal syndrome [24] and dialysis-related hypotension [25]. Improvement in renal
perfusion particularly in critical illnesses can boost elimination of lactate by the kidney. In current study, patients
with septic shock in the midodrine group had significantly faster lactate clearance than the control group.

The first study that evaluated role of midodrine in critical illnesses was organized by Levine et a/. In this
study, patients required lower doses of vasopressors when oral midodrine was added to the treatment regimen [17].
However, type of shock was not defined. In an observational study with large sample size, critically ill patients who
had received midodrine, infrequently required additional lower doses of intravenous vasopressors [34].
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Table 7. Clinical events during the study period

Events Midodrine (n = 15), n (%) Control (n = 13), n (%) p-value
Bradycardia® 0 0 -
Acute kidney injury 6 (40%) 5 (38.4%) 0.62
Acute hepatic failure 3 (20%) 1(7.6%) 0.35
Requirement of dialysis 2 (13.3%) 2 (15.3%) 0.64
Leukocytosis 7 (46.6%) 6 (46.1%) 0.63
Ventilator associated pneumonia 4 (26.6%) 8 (61.5%) 0.069
Urinary tract infection 1(6.6%) 1(7.6%) 0.72
Bacteremia 2(13.3%) 4 (30.7%) 0.25
Fungal infection 1(6.6%) 1(7.6%) 0.72
Other infection 0 2 (15.3%) 0.20
Anemia 5(33.3%) 6 (46.1%) 0.38
Thrombocytopenia 3 (20%) 3(23.0%) 0.60
Requirement of CRRT 0 0 -

THeart rate less than 60 beats per min.
CRRT: Continuous renal replacement therapy.

In our study, patients in the midodrine group received significantly lower doses of vasopressors in the third day
of intervention. Although the duration of vasopressor therapy was not significantly different between the groups,
more patients in the midodrine group were vasopressor-free after the third day of intervention.

The MIDAS trial assessed midodrine efficacy on discontinuation of intravenous vasopressor in critically ill
patients with persistent hypotension. In his trial, time to vasopressor discontinuation or other secondary outcomes
did not change when midodrine was added [15]. However, bradycardia was detected in 7.6% of patients in the
midodrine group. In our study, bradycardia was not detected in any patient. It may be due to lower dose of
midodrine in our investigation in comparison with MIDAS trial (10 mg three-times daily vs 20 mg three-times
daily). In MIDAS trial, only 26 patients had septic shock and in subgroup analysis, no beneficial effect of midodrine
was detected even in these patients.

It has been suggested that midodrine could be a potential option in management of septic shock through decrease
in vasopressor requirement and shortening of length of ICU stay [18]. In current study although was not significant,
length of ICU stay was shorter in the midodrine group than the control group. Also all-cause mortality did not
significantly differ between the groups. This may be related to comorbidities in the patients. All of patients had
at least one major comorbidity and about 57% had at least one serious comorbidity (kidney, liver or respiratory
failure or active cancer).

As is expected, antibiotics were frequently administered medications during the ICU stay. At this time, 26.6 and
23% of patients in the midodrine and control group required supplemental magnesium, respectively. Magnesium
infusion in order to maintain serum magnesium level above 3 mg/dl can improve lactate clearance [35]. The number
of patients who received supplemental magnesium was not significantly different between the groups.

Probable midodrine-related adverse events were closely monitored during the intervention. Bradycardia was
detected in 7.6-10% of patients who received midodrine [15,34]. No patient experienced bradycardia in current
investigation. Incidence of acute kidney injury in both groups was the same. It should be considered that the
patients also received other nephrotoxic agents such as vancomycin, aminoglycosides and diuretics.

The study has some limitations. It was a pilot study with small sample size. Although effect size was considerable
but power of the study according to the changes in lactate clearance was 56%. Because of emerging of COVID-19
pandemic, it was not possible to recruit more patients. Higher doses and longer durations of midodrine therapy
may be needed to assess potential beneficial effects of midodrine in critically ill patients.

Conclusion

This was a preliminary study to investigate the effect of midodrine on lactate clearance in critically ill patients with
septic shock. When midodrine was added to intravenous vasopressors, it significantly accelerated lactate clearance in
patients with septic shock. Although, the duration and cumulative dose of intravenous vasopressor did not change
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significantly but vasopressor dose was significantly lower on third day in the midodrine group than the control
group. Mididrine did not significantly improve length of ICU stay and 28-day mortality.

Future perspective
Appropriate dose and duration of midodrine as an adjunctive therapy in management of septic shock should be
assessed in future randomized clinical trials. Other remained issue is the best time for initiation of midodrine.

Summary points

Background

e The effect of midodrine on lactate clearance has not been assessed in critically ill patients yet.

Objectives

e The goal of this study was to assess the effect of adjunctive midodrine therapy on lactate clearance in critically ill
patients with septic shock.

Methods

e During a randomized preliminary clinical trial, 28 adult patients with septic shock who required intravenous
vasopressor to maintain mean arterial blood pressure >65 mmHg were assigned to receive either adjunctive
midodrine 10 mg three-times a day for 5 days (midodrine group = 15 patients) or not (control group = 13 patients).

Results

e Lactate clearance was significantly faster in the midodrine group than the control group (p = 0.049) with a large
effect size (njz, = 0.141). Changes in the vasopressor doses were not significantly different through the study
period.

Conclusion

e When midodrine was added to intravenous vasopressors, it significantly accelerated lactate clearance in patients
with septic shock.
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