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Background: Hyponatremia in the setting of cirrhosis is a common electrolyte disorder
with few therapeutic options. The free water retention is due to non-osmotic vasopressin
secretion resulting from the cirrhosis-associated splanchnic vasodilatation. Therefore,
vasoconstrictive therapy may correct this electrolyte abnormality. The aim of this study
was to assess the efficacy of midodrine and octreotide as a therapeutic approach to
increasing urinary electrolyte-free water clearance (EFWC) in the correction of cirrhosis-
associated hyponatremia.

Methods: This observational study consisted of 10 patients with cirrhosis-associated
hyponatremia. Hypovolemia was ruled out as the cause of the hyponatremia with a 48-h
albumin challenge (25 g IV g6 h). Patients whose hyponatremia failed to improve with
albumin challenge were started on midodrine and octreotide at 10 mg po tid and 100 pg
sq tid, respectively, with rapid up-titration as tolerated to respective maximal doses of
15 mg tid and 200 pg tid within the first 24 h. We assessed urinary EFWC and serum
sodium concentration before and 72 h after treatment.

Results: Pretreatment serum sodium levels ranged from 119 to 133 mmol/L. The
mean pretreatment serum sodium concentration + SEM was 124 mmol/L + 1.6 vs
130 mmol/L + 1.5 posttreatment (p = 0.00001). The mean pretreatment urinary
EFWC + SEM was 0.33 L + 0.07 vs 0.82 L + 0.11 posttreatment (p = 0.0003).

Conclusion: Our data show a statistically significant increase in serum sodium concen-
tration and urinary EFWC with the use of midodrine and octreotide in the treatment of
cirrhosis-associated hyponatremia.
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INTRODUCTION

Hyponatremia, defined by a serum sodium concentration of <135 mmol/L, is associated with
increased morbidity and mortality in patients with cirrhosis (1-3). Approximately 22% of patients
with cirrhosis have hyponatremia, and it is considered to be an independent predictive factor for
survival in these patients (4, 5). At this time, the treatment of patients with hyponatremia in the
setting of cirrhosis is limited to free water restriction due to recent concerns that tolvaptan—a
selective vasopressin 2-receptor antagonist commonly used to treat euvolemic and hypervolemic
hyponatremia—carries a potential risk of hepatotoxicity (6).

Decreased effective circulating volume secondary to splanchnic vasodilatation plays a central
role in the pathogenesis of hyponatremia in patients with cirrhosis. The peripheral vasodilatation
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hypothesis, which states that systemic vasodilation leads to a
state of salt and water avidity, was described by Schrier et al. in
1988 (7). The splanchnic vasodilatation and resultant reduction
in systemic vascular resistance that causes hepatorenal syndrome
(HRS) also lead to the development of cirrhosis-associated
hyponatremia. The decreased effective circulating volume result-
ing from the decreased systemic vascular resistance leads to
the upregulation of the renin-angiotensin-aldosterone system,
norepinephrine, and vasopressin. This non-osmotic release of
vasopressin leads to the impaired ability of the kidney to excrete
electrolyte-free water, thereby resulting in the development of
hyponatremia.

Given the mechanism of splanchnic vasodilatation as the
underlying pathophysiology of HRS, several studies have
assessed the use of vasoconstrictor therapies as treatment of HRS.
Midodrine, which is an alpha agonist, and octreotide, a somato-
statin analog, have been shown to be effective in improving renal
function in patients with HRS (8, 9). We propose that cirrhosis-
associated hyponatremia may respond to treatment with vaso-
constrictor therapy since the non-osmotic release of vasopressin
is due to the underlying splanchnic vasodilatation. Increasing
splanchnic vasoconstriction may improve the diminished effec-
tive circulating volume, which in turn would reduce vasopressin
release, thereby allowing for more urinary electrolyte-free water
excretion (10).

In the current study, we treated a small group of patients who
had cirrhosis complicated by hyponatremia and ascites with
midodrine and octreotide. The main outcome measures were
serum sodium concentration and urinary electrolyte-free water
clearance (EFWC).

MATERIALS AND METHODS

We performed an observational study to evaluate the efficacy of
midodrine and octreotide in the treatment of hyponatremia in
patients with cirrhosis. Participants in the study were recruited
at Ronald Reagan UCLA Medical Center between December
2013 and December 2014. The study subjects were patients
who were referred to the renal consult service with cirrhosis-
associated hyponatremia. The study was approved by our
institutional IRB, and informed consent was obtained from the
participating subjects.

The inclusion criteria included patients with previous diag-
nosis of cirrhosis with ascites (as evidence of portal hyperten-
sion), age >18, serum sodium concentration of <135 mmol/L,
and whose hyponatremia failed to improve with albumin
challenge for 48 h. Patients whose respiratory status precluded
withdrawal of diuretics and fluid challenge with albumin infu-
sion for 48 h and patients whose hyponatremia improved with
albumin challenge were excluded from the study. In addition,
exclusion criteria included requirement for renal replacement
therapy, inability to tolerate midodrine/octreotide (e.g., brady-
cardia, nausea), and a hospital stay less than the study require-
ment (<72 h after initiation of midodrine and octreotide).

All patients are placed on 1-L fluid restriction, and all patients
received albumin infusion (25 g IV q6 h) for 48 h to exclude
hypovolemia as the cause of the hyponatremia. Patients whose

hyponatremia failed to improve with albumin challenge for
48 h were then started on midodrine (Mylan Institutional Inc.,
Rockford, IL, USA) and octreotide (Fresenius Kabi, Lake Zurich,
IL, USA) at 10 mg po tid and 100 pg sq tid, respectively, with rapid
up-titration as tolerated to respective maximal doses of 15 mg tid
and 200 pg tid within the first 24 h.

Serum [Na*] and urinary [Na*] and [K*] were measured by
ion selective electrode using the Cobas 8000 analyzer. Serum
creatinine was measured by the enzymatic method using the
Cobas 8000 analyzer. We recorded serum sodium level and
serum creatinine before treatment and 72 h after initiation of
midodrine and octreotide. Urinary sodium, potassium, and
volume were checked in order to calculate urinary EFWC
(11). Urinary EFWC was calculated prior to treatment and
72 h after therapy. The primary outcome was the change in
serum sodium concentration before and after treatment with
midodrine and octreotide. The secondary outcome was the
change in urinary EFWC before and after treatment with
midodrine and octreotide.

Statistics

Paired t-test (two-tailed) was performed to determine statisti-
cal significance. A p value of <0.05 was considered statistically
significant.

RESULTS

From December 2013 to December 2014, a total of 10 patients
were recruited into the study. All 10 patients were identified
as having a previous diagnosis of cirrhosis with ascites (as
evidence of portal hypertension), and they were being con-
sulted for evaluation of hyponatremia. Serum sodium levels
prior to treatment ranged from 119 to 133 meq/L. The mean
serum sodium concentration + SEM prior to treatment was
124 meq/L + 1.6 compared to the mean serum sodium concen-
tration of 130 meq/L + 1.5 posttreatment (p = 0.00001). The
mean urinary output + SEM pretreatment was 0.60 L + 0.13
vs 1.33 L + 0.14 posttreatment (p = 0.0001) (Table 1), and the
mean urinary EFWC + SEM pretreatment was 0.33 L + 0.07
vs 0.82 L + 0.11 posttreatment (p = 0.0003). However, there
was no significant difference in the mean serum creatinine
concentration = SEM pre- and posttreatment (1.37 = 0.25 vs
1.45 + 0.28, p = 0.32).

Our 10 patients tolerated midodrine and octreotide at doses
of 15 mg po tid and octreotide 200 pg sq tid, respectively, without
any adverse effects.

DISCUSSION

This study is the first to evaluate the eflicacy of midodrine
and octreotide in the correction of cirrhosis-associated
hyponatremia. In this study, the use of midodrine and octreo-
tide significantly improved serum sodium concentration and
urinary EFWC in our small group of patients with cirrhosis
complicated by ascites (as evidence of portal hypertension) and
whose hyponatremia failed to improve with albumin challenge
for 48 h.

Frontiers in Medicine | www.frontiersin.org

March 2017 | Volume 4 | Article 17


http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive

Patel et al.

Cirrhosis-Associated Hyponatremia

-
c
£
_
SE3 589
o3
173
o
-
: c
05 O
[ [
S5 280>
£EFT oo
sSE288 988
-]
8$gm=g S oo
L2350
(TS 5
IO-'E
o o
e
O = T
c I 0 M~ M~
Ego S S o
2EE
52
@3
§5
e
0O =53
£ T3 O~ o~
592 S S o
l-""é
o 0
@? g
e
—
iy
o
o -
2z Ed
= %0 @ © ©
] NN ®
o £ OB
3£ €
A
g 6=
® 3
5o
2gd
[] o <
Egg - QA ®
= -
T+ £
o 0=
n g
-
c
— 0
X Es
0 8¢9 ® Yo
c & E @ oo
$5E
=
o
o
€
T 0T
X £
2 B9
INEoNe)
c 9 E oS
T = £
5=
a
t
O
g £d
2583
@ 9 E SR
£5E
20
o
-
l+—|f:
o 2T
Z ES
I—l‘-'o
ng [ ee]
20 - o™
£3 E
-
a
-
c
£
o = @ o
83 8Y o
=
D-b -
£
173
o
-
© -
c
T @
2 ok ©
—_
5 ogsd 28«
P = o o o
- £
5|
. a
-
IJJ -
R
[
< ©
= o - N ™

0.31
0.36
0.76
1.26
1.15
1.1
0.76
0.82

0.24
0.25
0.23
0.61

0.11

1.8
3.2

1.2
2.8
1.7

0.8

126
139
124
125
132
131
131

130

122
133

36
21

41

20
73
20
20
23
20
20

22

0.5

0.425

20
36
16
36
58
46

20
20
28
64

0.335 0.9

0.38
0.9

1.7
0.9

120

119

16
26

11

1.02
1.85
1.48
1.85

1.1

1.1

0.7

1.3
0.7

126

0.36
1.6

0.45
0.60

0.71
0.18
0.33

123

121

40

21

0.9

0.9

27

37

10

1.45

1.37

123.9

28

37.3

30.1

28.7

1.33

Mean

0.0003

0.318

0.00001

0.042

0.862

0.0001

p value

Hyponatremia commonly occurs in patients with cirrhosis
complicated by portal hypertension. In cirrhosis, the patho-
genesis of hyponatremia is thought to be related to arterial
vasodilatation in the splanchnic circulation, which is triggered
by portal hypertension. The presumed mechanism is that portal
hypertension leads to increased production or activity of vaso-
dilators, mainly nitric oxide, in the splanchnic circulation. The
splanchnic vasodilatation in cirrhotic patients results in arterial
underfilling, and the resultant effective circulating volume deple-
tion in these patients stimulates the secretion of vasopressin. The
increased vasopressin secretion leads to increased urinary water
reabsorption in the collecting tubule, which in turn results in
decreased ability of the kidney to excrete electrolyte-free water
(EFWCQ). Therefore, midodrine and octreotide can be a potential
treatment for cirrhosis-associated hyponatremia by ameliorating
the decreased effective circulating volume resulting from the
splanchnic vasodilatation (10).

In this study, our aim was to evaluate the efficacy of
midodrine and octreotide in the treatment of cirrhosis-
associated hyponatremia. The patients who were included in
our study were cirrhotic patients with ascites (as evidence of
portal hypertension) whose hyponatremia did not improve
with albumin challenge (25 g IV g6 h) for 48 h. Volume expan-
sion with 48 h of albumin challenge was conducted to rule
out hyponatremia caused by hypovolemia, which often is the
case given the frequent combination of lactulose and diuretic
therapy in cirrhotic patients. We postulate that if midodrine
and octreotide were to be effective in increasing splanchnic
vasoconstriction, the improvement in the decreased effective
circulating volume will lead to reduced non-osmotic release of
vasopressin, thereby resultinginless urinary water reabsorption
in the collecting tubule and increased urinary electrolyte-free
water excretion (EFWC). The increased urinary electrolyte-
free water excretion will in turn lead to the correction of the
hyponatremia. Indeed, treatment with midodrine and octreo-
tide in our patients resulted in an increase in serum sodium
concentration and urinary EFWC in each patient as compared
to pretreatment values. In our study, there was no significant
difference in the mean serum creatinine concentration pre- and
posttreatment (p = 0.32). The lack of significant improvement
in serum creatinine concentration in our patients was likely
due to the fact that 7 out of the 10 patients had fairly preserved
renal function with serum creatinine concentration within
the normal reference range in our laboratory (0.6-1.3 mg/dL)
and/or the decreased muscle mass and lower rate of creatinine
production in our cirrhotic patients.

Currently, fluid restriction is the mainstay of therapy of
hyponatremia in cirrhotic patients. However, fluid restriction
in patients with cirrhosis-associated hyponatremia is often dif-
ficult to achieve due to the low urinary output resulting from the
increased vasopressin secretion. Indeed, assuming that insensible
water loss and fecal water loss approximate the water content of
ingested food and water of oxidation (12), electrolyte-free water
intake must be restricted to less than urinary electrolyte-free water
excretion (as determined by EFWC) in order to achieve negative
free water balance (13). Strict free water restriction would there-
fore be difficult to adhere to in patients with low urinary EFWC.
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Hence, alternative approaches should be undertaken to increase
urinary EFWC in these cases. However, an increase in dietary
sodium intake is not a therapeutic option in cirrhotic patients
since it will lead to sodium and fluid retention and worsening
ascites and peripheral edema. In addition, tolvaptan, a selec-
tive vasopressin 2-receptor antagonist commonly used to treat
euvolemic and hypervolemic hyponatremia, is contraindicated in
the setting of cirrhosis due to the potential risk of hepatotoxic-
ity (6). Similarly, there is concern with the use of conivaptan (a
non-selective V1a and V2 receptor antagonist) since V1a receptor
blockade may result in a reduction in blood pressure and may also
compromise renal function (14). Given the limited therapeutic
options in patients with cirrhosis-associated hyponatremia, our
findings suggest that midodrine and octreotide may be effec-
tive in improving hyponatremia in these patients by increasing
urinary EFWC.

Limitations

Although our results showed statistically significant improvement
in serum sodium concentration and urinary EFWC in 10 patients
with cirrhosis-associated hyponatremia, there were significant
limitations in our study. Our study was neither randomized
nor blinded but rather observational in nature. In addition, our
sample size was small. Therefore, larger randomized, controlled
clinical trials are required to validate our findings that treatment
with midodrine and octreotide can improve cirrhosis-associated
hyponatremia.

CONCLUSION

Although the morbidity and mortality associated with cirrhosis-
associated hyponatremia are well defined, treatment remains

REFERENCES

1. Sajadieh A, Binici Z, Mouridsen MR, Nielsen OW, Hansen JF, Haugaard SB.
Mild hyponatremia carries a poor prognosis in community subjects.
Am ] Med (2009) 122(7):679-86. doi:10.1016/j.amjmed.2008.11.033

2. Whelan B, Bennett K, O'Riordan D, Silke B. Serum sodium as a risk factor
for in-hospital mortality in acute unselected general medical patients. Q/M
(2009) 102(3):175-82. doi:10.1093/gjmed/hcn165

3. Kim WR, Biggins SW, Kremers WK, Wiesner RH, Kamath PS, Benson
JT, et al. Hyponatremia and mortality among patients on the liver-trans-
plant waiting list. N Engl ] Med (2008) 359(10):1018-26. doi:10.1056/
NEJMo0a0801209

4. Sinha VK, Ko B. Hyponatremia in cirrhosis - pathogenesis, treatment,
and prognostic significance. Adv Chronic Kidney Dis (2015) 22(5):361-7.
doi:10.1053/j.ackd.2015.02.002

5. Cardenas A, Sola E, Rodriguez E, Barreto R, Graupera I, Pavesi M, et al.
Hyponatremia influences the outcome of patients with acute-on-chronic
liver failure: an analysis of the CANONIC study. Crit Care (2014) 18(6):700.
doi:10.1186/513054-014-0700-0

6. Torres VE, Chapman AB, Devuyst O, Gansevoort RT, Grantham J]J,
Higashihara E, et al. Tolvaptan in patients with autosomal dominant poly-
cystic kidney disease. N Engl ] Med (2012) 367(25):2407-18. doi:10.1056/
NEJMoal205511

7. Schrier RW, Arroyo V, Bernardi M, Epstein M, Henriksen JH, Rodés
J. Peripheral arterial vasodilation hypothesis: a proposal for the initiation of
renal sodium and water retention in cirrhosis. Hepatology (1988) 8(5):1151-7.

limited in the form of free water restriction (5, 16-18). Given
the dearth of viable treatment options for cirrhosis-associated
hyponatremia, we believe that this study positively supports the
hypothesis that vasoconstrictor therapy may help correct hypona-
tremia in cirrhotic patients with portal hypertension. To date, our
study is the first to evaluate the use of midodrine and octreotide
in the correction of cirrhosis-associated hyponatremia. The use of
midodrine and octreotide significantly improved serum sodium
concentration and urinary EFWC in our small group of patients
with cirrhosis complicated by hyponatremia and ascites. Given
the morbidity associated with cirrhosis-associated hyponatremia
and the limited therapeutic options in this patient population,
additional randomized, controlled studies are needed to sub-
stantiate the effectiveness of this novel therapeutic approach in
cirrhosis-associated hyponatremia.

ETHICS STATEMENT

This study was carried out in accordance with the recommenda-
tions of UCLA Institutional Review Board with written informed
consent from all subjects. All subjects gave written informed
consent in accordance with the Declaration of Helsinki. The
protocol was approved by the UCLA Institutional Review Board.

AUTHOR CONTRIBUTIONS

SP:acquisition and analysis of data and drafting of the manuscript.
D-SN: analysis of data and preparation of table. AR: analysis of
data. M-KN: analysis of data and preparation of table. MKN
(corresponding author): conception and design of research,
analysis and interpretation of data, drafting and revision of the
manuscript, and approval of final version of the manuscript.

8. Angeli P, Volpin R, Gerunda G, Craighero R, Roner P, Merenda R, et al.
Reversal of type 1 hepatorenal syndrome with the administration of
midodrine and octreotide. Hepatology (1999) 29(6):1690-7.

9. Esrailian E, Pantangco ER, Kyulo NL, Hu KQ, Runyon BA. Octreotide/
midodrine therapy significantly improves renal function and 30-day survival
in patients with type 1 hepatorenal syndrome. Dig Dis Sci (2007) 52(3):742-8.
doi:10.1007/510620-006-9312-0

10. Yadlapati A, Jittirat A, Nguyen MK. Treatment of cirrhosis-associated
hyponatremia refractory to vasopression 2-receptor antagonist. ] Med Cases
(2014) 5(5):264-6. doi:10.14740/jmc1745w

11. Nguyen MK, Kurtz I. Derivation of a new formula for calculating uri-
nary electrolyte-free water clearance based on the Edelman equation.
Am ] Physiol Renal Physiol (2005) 288(1):F1-7. doi:10.1152/ajprenal.
00259.2004

12. Rose BD. Regulation of plasma osmolality. In: Rose BD, editor. Clinical
Physiology of Acid-Base and Electrolyte Disorders. New York: McGraw-Hill,
Inc. (1994). p. 261-73.

13. Nguyen MK, Hasnain H, Dibiase M, Schulze C, Kurtz I. Utility of
electrolyte-free water clearance in the analysis and treatment of the dysna-
tremias. In: Simon E, editor. Hyponatremia: Evaluation and Treatment.
New York: Springer (2013). p. 51-64.

14. Greenberg A, Verbalis JG. Vasopressin receptor antagonists. Kidney Int
(2006) 69(12):2124-30. doi:10.1038/sj.ki.5000432

15. Gineés P, Guevara M. Hyponatremia in cirrhosis: pathogenesis, clinical sig-
nificance, and management. Hepatology (2008) 48(3):1002-10. doi:10.1002/
hep.22418

Frontiers in Medicine | www.frontiersin.org

March 2017 | Volume 4 | Article 17


http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
https://doi.org/10.1016/j.amjmed.2008.11.033
https://doi.org/10.1093/qjmed/hcn165
https://doi.org/10.1056/NEJMoa0801209
https://doi.org/10.1056/NEJMoa0801209
https://doi.org/10.1053/j.ackd.2015.02.002
https://doi.org/10.1186/s13054-014-0700-0
https://doi.org/10.1056/NEJMoa1205511
https://doi.org/10.1056/NEJMoa1205511
https://doi.org/10.1007/s10620-006-9312-0
https://doi.org/10.14740/jmc1745w
https://doi.org/10.1152/ajprenal.00259.2004
https://doi.org/10.1152/ajprenal.00259.2004
https://doi.org/10.1038/sj.ki.5000432
https://doi.org/10.1002/hep.22418
https://doi.org/10.1002/hep.22418

Patel et al.

Cirrhosis-Associated Hyponatremia

16. Renneboog B, Musch W, Vandemergel X, Manto MU, Decaux G. Mild
chronic hyponatremia is associated with falls, unsteadiness, and attention
deficits. Am ] Med (2006) 119(1):71.e1-8. doi:10.1016/j.amjmed.2005.09.026

17. Balling L, Gustafsson F, Goetze JP, Dalsgaard M, Nielsen H, Boesgaard S,
et al. Hyponatraemia at hospital admission is a predictor of overall mortality.
Intern Med ] (2015) 45(2):195-202. doi:10.1111/imj.12623

18. Fujisawa H, Sugimura Y, Takagi H, Mizoguchi H, Takeuchi H, Izumida
H, et al. Chronic hyponatremia causes neurologic and psychologic
impairments. ] Am Soc Nephrol (2016) 27(3):766-80. doi:10.1681/
ASN.2014121196

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Patel, Nguyen, Rastogi, Nguyen and Nguyen. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

March 2017 | Volume 4 | Article 17


http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
https://doi.org/10.1016/j.amjmed.2005.09.026
https://doi.org/10.1111/imj.12623
https://doi.org/10.1681/ASN.2014121196
https://doi.org/10.1681/ASN.2014121196
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Treatment of Cirrhosis-Associated Hyponatremia with Midodrine and Octreotide
	Introduction
	Materials and Methods
	Statistics

	Results
	Discussion
	Limitations

	Conclusion
	Ethics Statement
	Author Contributions
	References


