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1. Introduction

Abstract

Background: Intradialytic hypotension (IDH) is a common complication of
hemodialysis (HD). Pharmacologic treatment options are limited in terms of
number and efficacy. Objective: To report a case of IDH that responded to
fludrocortisone. Similar cases and pertinent literature were reviewed. Me-
thods: Pubmed research of English literature up to June 16, 2021. Search
terms included, hemodialysis, hypotension, intradialytic hypotension, mido-
drine, fludrocortisone, droxidopa, safety, efficacy. Retrospective studies, case
report and series, Cochrane reviews, randomized trials are reviewed. Results:
Midodrine and droxidopa are approved by the Federal Drug Administration
(FDA) for treatment of orthostatic hypotension, but not for IDH. No rando-
mized trials are available to evaluate midodrine for IDH. One large retrospec-
tive study suggests that midodrine use for treatment of IDH may be associated
with increase death and hospitalization. Results of a single randomized phase
2 trial suggest that droxidopa may not be effective in IDH. The author reports
a 63-year-old patient with IDH who failed midodrine but responded to the
addition of fludrocortisone. Review of literature revealed 3 other similar cases,
No short-term adverse effects of fludrocortisone were reported in any of these
4 cases. Conclusions: Pharmacological options available for treatment of IDH
are limited and inadequately studied. Fludrocortisone appears a promising
agent to prevent IDH in patients failing midodrine. Randomized trials are
needed to compare efficacy and safety of midodrine and fludrocortisone and
their combination for management of IDH.
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Depending on its definition, the prevalence of intradialytic hypotension (IDH) ranges from 10% to 50% of pa-
tients undergoing hemodialysis (HD) [1]. The National Kidney foundation defines IDH as a decrease in systolic
blood pressure (SBP) by >20 mmHg or a decrease mean arterial blood pressure of 10 mmHg associated with
symptoms [2]. Some experts define IDH as a function of corrective measures such as administration of normal sa-
line, or reduction in ultrafiltration volume [3]. Interestingly, IDH may be associated with increased risk of death [4].
Flythe et al. [5] studied the associations of various definitions of IDH with mortality. They found that an absolute

DOI: 10.26855/ijcemr.2021.07.024

383 International Journal of Clinical and Experimental Medicine Research


http://www.hillpublisher.com/journals/ijcemr/�

Nasser Mikhail

nadir SBP <90 mmHg was most potently associated with mortality. Thus, adjusted odds ratio (OR) of 2-year mor-
tality was 1.56 (95%CI 1.05-2.31) for patients with nadir SBP < 90 mmHg versus those who had not such drop in
SBP [5]. Despite the common occurrence of IDH and its link to increased death, very limited pharmacologic op-
tions exist. In fact, there are no approved drugs by the FDA in the US to prevent or treat IDH. Currently, most cases
of IDH are treated with midodrine given 10-30 min before dialysis. The purpose of this article is to draw attention
to fludrocortisone as potential effective and safe drug for treatment of IDH.

2. Case report

A 63 y/o anuric man with end-stage renal disease on hemodialysis for 11 years presenting with asymptomatic
IDH, with SBP frequently dropping to below 90 mmHg during HD sessions. Patient had severe anemia (his he-
moglobin was 7.3-8.0 g/dl, normal: 13.5-16.5 g/dl) being treated with subcutaneous darbepoetin alfa 40 mcg week-
ly and oral iron sulfate. Other comorbidities included a history of myocardial infarction and coronary artery bypass
surgery. Several approaches were undertaken to correct this hypotension including midodrine 10 mg given 10-15
min before each dialysis session and infusion of albumin 25 gm and normal saline. In addition, the HD sessions
were terminated prematurely on many occasions after 1.8-2 h. As a result, the ultrafiltrate achieved was less than
planned ranging 1.8-2 liters/HD session. Endocrine service was consulted. Thus, endocrine causes of hypotension
such as diabetes and adrenal insufficiency were ruled out by normal hemoglobin Alc levels (4.8%, normal <5.6%),
and appropriate response to the cosyntropin stimulation test, respectively. The author therefore recommended add-
ing fludrocortisone 0.1 mg orally every morning. Two days later, fludrocortisone dose was increased to 0.2 mg
every morning as blood pressure did not increase with the smaller dose. Patient responded to the 0.2 mg dose with-
in few days, and no hypotension was recorded in the subsequent HD sessions. Review of literature revealed only 3
similar patients in whom fludrocortisone was used to treat IDH (see Table 1). Interestingly, in all patients including
ours, blood pressure failed to respond to midodrine alone and responded to the addition of fludrocortisone.

Table 1. Reported cases of intra-dialysis hypotension treated with fludrocortisone

Reference

Mercadal et al. [6]

Mercadal et al. [6]

Seoetal. [7]

Current case

Age and gender

Comorbidities

Midodrine status

Fludrocortisone
regimen

Response to flu-
drocortisone
Adverse effects

Effects on inter-
dialytic weight
gain

Effects on serum
potassium

50- year-old wom-
an

Diabetes, history of
2 myocardial in-
farctions

Patient was resis-
tant to midodrine

Not reported

Improvement in
post-dialysis *SBP
None

Decrease

Not reported

68-year-old-man

History of myocar-
dial infarction

Patient was resistant
to midodrine

0.5 mg qday

Improvement in
post-dialysis *SBP
None

Decrease

Not reported

66-year-old woman

Diabetes

No response to midodrine 10
mg before dialysis after 2 years
of use

0.2 mg 3 times a week 30 min
before dialysis.
Improvement in *SBP

None

Decrease from mean (SD) 2.9
(4.7) t0 2.0 (0.6) kg

Correction of hyperkalemia
from 6.3 (0.2) before to 5.4
(0.4) mmol/L after fludrocorti-
sone (P =0.029).

63-year-old man
Ischemic cardiomyopathy,
history of coronary bypass
graft, anemia.

No response to midodrine
10 mg before dialysis

0.2 mg qday

Improvement in in-
tra-dialysis *SBP
None

No effect

No significant effect

*SBP systolic blood pressure
3. Use of fludrocortisone for treatment of intradialytic hypotension

Fludrocortisone is a synthetic mineralocorticoid that enhances sodium reabsorption in distal renal tubules leading
to increase in intravascular volume and rise in blood pressure [8, 9]. In addition, Davies et al. [10] have shown that
it may augment the sensitivity to the pressor effect of noradrenaline. Although fludrocortisone is probably the
commonest drug used to treat orthostatic hypotension, it is not approved by the FDA for that purpose [8]. Moreover,
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there are no available studies to evaluate fludrocortisone specifically for treatment of IDH. A recent Cochrane re-
view found that fludrocortisone was evaluated in 13 crossover and observational studies for treatment of orthostatic
hypotension in patients with diabetes and Parkinson disease [11]. The authors of the latter review concluded that
available evidence was very uncertain about the effects of fludrocortisone on blood pressure, orthostatic symptoms
or adverse effects in these 2 diseases [11]. Thus, fludrocortisone remains inadequately studied despite being an old
drug.

4. Safety profile of fludrocortisone

Adverse effects associated with fludrocortisone may be predicted from its mechanism of action. Thus, its
salt-retaining action may result in edema, hypernatremia, and if severe, congestive heart failure [9]. In the author’s
experience, hypokalemia appears to be the most common adverse effect of fludrocortisone due to its stimulatory
effect on potassium excretion [9]. Hypokalemia is dose-related and occurs early within few days of administration,
persists with long-term use of fludrocortisone, and frequently require potassium supplementation and high potas-
sium diet [12]. Other adverse effects reported are headache insomnia and increase sweating [11]. Since adverse ef-
fects increase with the dose, it is reasonable to start fludrocortisone with 0.1 mg qday, then increase the dose after
few days to 0.2 mg gday if no blood pressure response was seen similar to the strategy applied in our patient. It is
reassuring that no adverse effects were reported in any of the 4 patients who received fludrocortisone before dialy-
sis (see Table 1). Specifically, hypokalemia did not occur in any of the 4 patients, most likely due to the underlying
end-stage kidney disease. In one retrospective study of Tennessee Medicaid enrollees, users of fludrocortisone had
higher rates of all-cause hospitalizations compared with users of midodrine (adjusted incidence-rate ratio 1.20, 95%
Cl, 10.2-1.40) [13]. However, patients on hemodialysis were excluded from the previous study [13]. Long-term
safety of fludrocortisone is not well studied. In an early study, Chobanian et al. [12] followed a case series of 7 pa-
tients with orthostatic hypotension treated with fludrocortisone for 1-14 years. During follow-up, 2 patients devel-
oped hypertensive retinopathy [12]. However, this study did not include a placebo group and the doses of fludro-
cortisone were much higher than currently recommended ranging from 0.3 to 1.0 mg/d [12].

5. Midodrine

Midodrine is a prodrug of the a-1 adrenergic receptor agonist desglymidodrine [14]. The latter raises blood pres-
sure by causing vasoconstriction of both arterioles and veins [14]. Midodrine (proamatine) was approved the FDA
in 1996 for treatment of symptomatic orthostatic hypotension [8, 15]. Despite the absence of randomized trials to
evaluate efficacy and safety of midodrine for management of IDH, this drug is often administered 10-30 min before
HD to prevent and treat IDH [16]. In a meta-analysis of 10 small studies including a total of 117 patients on HD,
Prakash et al. [14] found that 6 of 10 studies reported amelioration in symptoms of IDH with use of midodrine.
Meanwhile, in a large retrospective study, Brunelli et al. [17] compared hard outcomes of patients on HD who were
prescribed midodrine (n=1,046) with matched patients not using midodrine (n=2,037). Compared with non-use,
midodrine use was associated with higher rates of death [adjusted incidence rate ratio (RR) 1.37, 95% ClI,
1.15-1.62], all-cause hospitalization (RR 1.31, 95% CI 1.19-1.43) and cardiovascular hospitalization (RR 1.41, 95%
Cl 1.17-1.71) [17]. Moreover, midodrine use tended to be associated with lower pre-dialysis SBP, lower nadir SBP
and greater fall of in SBP during HD [17]. These results, although limited by being retrospective, suggest that mi-
dodrine is unlikely to be beneficial in treatment of IDH, and may even be harmful.

6. Droxidopa

Droxidopa (Northera) is a prodrug that is converted to norepinephrine causing vasoconstriction and rise in blood
pressure. It was approved by the FDA in 2014 for the treatment of symptomatic neurogenic orthostatic hypotension
caused by primary autonomic failure [18]. Several studies from Japan evaluated droxidopa for treatment of hypo-
tension. In one randomized study, Akizawa et al. [19] found significant rise in SBP and diastolic blood pressure
measured within 10 minutes after completion of HD compared with pre-treatment levels. However, changes in in-
tra-hemodialysis blood pressure were not evaluated. In the USA, a randomized phase-2 study conducted by Van-
norsdall et al. [20] failed to record significant difference in intra-hemodialysis mean arterial pressure, the study
primary outcome, between patients receiving droxidopa and those receiving placebo. Similarly, no significance dif-
ferences were found in hypotension-induced symptoms between the droxidopa and placebo groups [20]. Taken to-
gether, available data suggest that droxidopa may not be effective as treatment of IDH.
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7. Conclusion and current needs

Although IDH is a common complication of HD that carries unfavorable prognosis, very limited data exists re-
garding to its pharmacological therapy. At present, midodrine seems to be the commonest drug used to manage IDH.
However, its efficacy and safety in this setting are not properly evaluated. Furthermore, results of a large retrospec-
tive study suggest that midodrine might increase mortality and hospitalization rates when used to treat IDH. The 4
cases reported here suggest that fludrocortisone could be effective and safe at least on short-term to treat IDH in
patients failing midodrine. Randomized trials are urgently needed to evaluate efficacy and safety of fludrocortisone
in patients with hypotension in general, and those with IDH in particular. These trials should compare fludrocorti-
sone with placebo and with other drugs approved for treatment of orthostatic hypotension such as midodrine. Since
the mechanisms of action are different, it would be equally important to evaluate efficacy and safety of the combi-
nation of fludrocortisone and midodrine in the setting of IDH.
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