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Introduction: Hyponatremia, defined as serum sodium concentration <136 mEq/l, represents
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one of the most challenging clinical disorder in geriatric rehabilitative settings . It is associated
with significant morbidity and mortality. Hyponatremia can be often followed by neurological
symptoms caused by cerebral oedema and in severe hyponatremia, patients frequently
experience balance disorder and a high risk of falls.

Materials and Method: We report the case of a female patient, followed after an accurate
diagnostic work-up for a syndrome of inappropriate antidiuresis (SIADH). Hyponatremia was
initially treated with hypertonic saline infusion and then with fluid restriction. In consideration
of the poor response to fluid restriction, treatment with tolvaptan was started. The patient
experienced walking problems and was evaluated with an EMG computed Gait Analysis
before and after that sodium level was normalized.

Results: Gait analysis carried out highlighted neuromuscular instability with alteration of
the time parameter and spatial postural deficit. Once corrected the hyposodiemia the patient
showed a marked improvement in neuromuscular control with normalization of the temporal
and spatial parameter of the step.

Conclusions: The clinical manifestations of the patient with SIADH are related to the severity
of hyponatremia and the speed with which the sodium deficit is established. The criteria for

Keywords: :  the diagnosis of SIADH in a patient with hypotonic hyponatremia remain those established by
Inappropriate ADH syndrome Bartter and Schwartz in 1967. Our suggestions is so to monitor balance and gait disorders and
case report; Accidental falls; i perform serial measurements of urine and serum osmolarity during rehabilitation process in
Hyponatremia; Gait analysis order to prevent unbalance and falling.

* Corresponding Author:

Luigi DI Lorenzo, MD, PhD.

Address: Department of Neuroscience, Rehabilitation Unit, AziendaOspedaliera DEA Il SanPio Benevento, Italy.
E-mail: drluigidilorenzo@gmail.com

Copyright © 2022 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license(https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited.



https://jmr.tums.ac.ir/index.php/jmr
https://orcid.org/0000-0003-2538-2714
https://orcid.org/0000-0003-4306-3418
https://orcid.org/0000-0002-6662-6052
https://orcid.org/0000-0002-4266-5161
https://orcid.org/0000-0003-1646-0792
https://orcid.org/0000-0001-8392-2235
https://doi.org/10.18502/jmr.v16i2.9307
https://jmr.tums.ac.ir/index.php/jmr/about

April 2022, Volume 16, Number 2

1. Introduction

he syndrome of inappropriate antidiuretic

hormone (SIADH) is a frequent cause of

hyponatremia. Hyponatremia is defined

as a reduction in plasma sodium values

below 136 mEq/L [1]. This decrease has

a profound impact from a clinical point of
view. Hyponatremia is present in 15%-30% of hospital-
ized patients. Hyponatremia can be associated with re-
duced, normal, or increased plasma osmolarity [2]. The
treatment of STADH must include the underlying cause.
With regard to hyponatremia, in cases where neurologi-
cal symptoms are present, the treatment is based on the
administration of hypertonic saline with 3% NaCl, which
can be associated with loop diuretics. This type of treat-
ment is usually interrupted when one of the following
three conditions occurs: the patient becomes asymptom-
atic, sodium reaches values of relative tranquillity (>120
mEq/L, but according to some authors >125 mEq/L),
when it is however obtained an increase in sodium of 20
mEq/L. A critical aspect is the speed with which hypona-
tremia is corrected. To avoid the risk of causing massive
intracellular dehydration, up to the dramatic occurrence
of pontine and extrapontine myelinolysis, it is necessary
to avoid too rapid corrections of plasma sodium [3].

The patient with severe hyponatremia is critical and in
constant danger of death. The aspects to be taken care of
are therefore twofold: cardiotoxicity and neurotoxicity.
Cerebral edema and compulsive crises can occur in the
acute phase, even in less than 48 h with Na <120 mEq/L,
and in marked chronic hyponatremia. Brain edema can
cause compulsive crises and balance disorder with an es-
sential risk of falls, bone fractures, and significant cardiac
arrhythmias. In severe hyponatremia, patients frequently
experience balance disorder and a high risk of falls [4].
SIADH can occur at any age [5, 6]. Its incidence depends
upon various etiologies. The prevalence of SIADH was
estimated to be 2500-3000 cases per 100000 individuals.
The incidence and prevalence of SIADH, in particular,
are less studied in the literature. Hospitalized patients
with plasma sodium concentration <125 mmol/L show
overall mortality of 28000 per 100000 patients. The inci-
dence of SIADH increases with age. The prevalence and
incidence of SIADH do not vary by gender. The preva-
lence of hyponatremia is higher in females than males
[7]. There is no racial predilection to SIADH. The preva-
lence of hyponatremia in the United States has been esti-

mated to be 1720 per 100000 individuals [8, 9].
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2. Case Report

A 78-year-old female patient with hyponatremia was
admitted to the Internal Medicine Ward of Rummo Hos-
pital in Benevento (Italy). She was received an accurate
diagnostic work-up, and a diagnosis of syndrome of in-
appropriate antidiuresis (SIAD) was made according to
the criteria established by Bartter and Schwartz in 1967
[10]. In general, in cases where neurological symptoms
are present, treatment is based on administering hyper-
tonic saline solution with 3% NaCl, which can be ad-
ministered with loop diuretics. This type of treatment is
usually interrupted when one of the following three con-
ditions occurs: the patient becomes asymptomatic, sodi-
um reaches values of relative tranquillity (> 120 mEq/L,
but according to some authors> 125 mEq/L), when it is
however obtained an increase in sodium of 20 mEq/L [6,
7]. In consideration of the poor response to fluid restric-
tion, treatment with tolvaptan was started. During the
days of hospitalization, derangement of coordination,
weakness of the muscles of the lower extremities, and
inability to walk, along with drowsiness, disorientation,
and dysarthria, occurred. The patient was experiencing
walking problems. She was evaluated with a superficial
EMG computed gait analysis [11-15] before and after
that sodium levels normalization. Neurologists excluded
central pontine myelinolysis [3], and a nuclear magnetic
resonance was planned. Her mini-mental test result ini-
tially was 14 [1] (Figure 1).

After the intensive therapy (0.9% NaCl solution along
with tolvaptan), improvement in clinical status occurred.
During the hospitalization, arterial blood pressure and
their parameters were normal, and no episodes of hy-
potension were recorded. Laboratory tests confirmed
severe hyponatremia refractory to intensive sodium sub-
stitution, so the patient was treated with tolvaptan at 30
mg tablets (Figure 2). Tolvaptan is a drug that acts as a
competitive, selective antagonist of vasopressin V2 re-
ceptors. It is used to treat hyponatremia associated with
congestive heart failure or liver cirrhosis and ADH inap-
propriate secretion syndrome. After sudden insulation at
135 mEq/L of sodium, there was a marked improvement
of the clinic with a score of 30 at MMES (Figure 3). To
have an objective assessment of the disorders and the
subsequent treatment of the hyponatremia, the patient
was subjected to the examination of the step with gait
EMG analysis to study kinematics, dynamics, and sur-
face electromyography [14, 15] (Figure 4, 5, 6, 7).

Luigi DL, et al. Gait Analysis in Hyponatremia Patients with SIADH. JMR. 2022 16(2):199-207.



https://jmr.tums.ac.ir/index.php/jmr

Journal of

Modern Rehabilitation

April 2022, Volume 16, Number 2

M Mesdal Stade Evaluation IMMSES

Test samminbarabile oo \L{d Line

[ [TR— » L serete 103

in che anns samar oty 5 5 f K

[ o seageone lamwa? 1) (7

[1n che maoe ciams? g8-80) el BA
Y

[pavabea o s drogmrimny 00 °
[ e it sevsimann ¢ ot 0yt
ap ITRL1A

s i

[1 quale Regions nakans same? -1 o ) San. Ty,
[in e it i srmvinmec gy G Gy B o
- e i

|4 ehie plann stemo? 007 (A

e “pane, essn, gare”. L
i il soggems sseque oo

[Py comtar: s rinress s 100 soglienda T per clnges velts:
“Q-v!‘{a:u 071, 055

e o eom reve, allurs far sillsbare dlisdictrs s parsls:

e gueta
MOND: 00 0.0 X0 0.0 MO @8 4 |

o
[Chirere ) 10
[ o f une masits chisdends di dires i name (03] 12

1

=
2 fris “ligre sanion tigre™ (k1] 1

Na*: 127 mEq/|

Figure 1. Mini Mental Test pattien with Hyponatremia

3. Discussion

Patients with hyponatremia can divide into three cat-
egories based on extracellular fluid (ECF) volume. First
is hypovolemic hyponatremia, where water and sodium
are lost through the kidney or extrarenal losses (vomit-
ing, diarrhea, diuretic drugs, extensive burns, cystic fi-
brosis). Second is euvolemic hyponatremia, where we
usually find fluid retention with increased ECF and nor-
mal total sodium (due to different endocrine disorders
such as adrenal insufficiency, SIADH, hypothyroidism,
in the post-operative and from antidiuretic drugs). The
final form is hypervolemic hyponatremia, where usually
there is an increase in sodium content with a greater in-
crease in edema and fluid accumulation in the interstitial
compartment (ECF) (causes could be cirrhosis of the
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liver, kidney failure, congestive heart failure, nephrotic
syndrome and excessive income of water) [1-9].

SIADH, described in 1957, represents the cause of
30%-40% of all hyponatremia and, together with treat-
ment with thiazide diuretics, is one of the most frequent
causes of hyponatremia in adults [1]. Therefore, it is es-
sential to know the causes that can determine this con-
dition, to make a correct diagnosis, and consequently
establish an appropriate treatment. The first important
line of distinction is given by the site where ADH is “in-
appropriately” secreted, which can be neurohypophy-
seal or ectopic. The latter condition is the most frequent
cause of SIADH. It is associated with neoplastic dis-
eases, such as small cell lung cancers, mesotheliomas,
thymoma, carcinomas of pancreas, bladder, duodenum,
prostate, or lymphomas. The causes that can determine

U/P ratio: >1 Tolvaptan
U/P ratio: <1 Tolvaptan
CH,0 =V x [1- (UNA*® UK*) : Na*P]

Tolvaptan 30 mg die
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Figure 2. Laboratory tests confirmed severe hyponatriemia refractory to intensive sodium supstitution
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Figure 3. After a sudden insulation at 135 mQ of sodium there was a marked improvement of the clinic with a score of 30 at

MMES

inappropriate ADH secretion by the neurohypophysis
are many. Numerous pathological conditions, for ex-
ample, inflammatory or neoplastic, affecting the central
nervous system or the respiratory system that can cause
SIADH. It is essential to collect an accurate drug his-
tory of the patient. Numerous drugs can cause SIADH
because they either increase the release of ADH (e.g.,
morphine, carbamazepine, haloperidol, tricyclic antide-
pressants, serotonin reuptake inhibitors, clofibrate, vin-
cristine, vinblastine, bromocriptine, ecstasy among the
drugs of abuse), or increase receptor sensitivity to the
hormone (e.g., non-steroidal anti-inflammatory drugs,
cyclophosphamide, chlorpropamide). Finally, other vari-
ous situations can be associated with SIADH. For ex-
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ample, SIADH-related hyponatremia can occur follow-
ing surgery, not just neurosurgical ones. Hyponatremia
in these cases can be associated with stressful situations;
pain stimulates the secretion of ADH. Blood loss and
the fluid infusion can further aggravate the condition of
hyponatremia in the post-surgical patient. Hyponatre-
mia occurs in approximately 30%-40% of patients with
AIDS [4, 5].

One of the possible causes of severe hypothyroidism
in our rehabilitation patients could be the side effect of
SSRI post-stroke therapy [16-18]. In a clinical setting,
an immediate and correct examination of the patient is
essential. In this type of gait disturbances where ambula-
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Figure 4. Gait temporal and spatial parameters before and after Na+ corrections.
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Figure 5. KINEMATIC DATA before and after sodium corretcion

tory difficulties are evident, the clinical and neurological
examination is very important, as are also several clinical
tests such as the dynamic gait index (DGI) [19]. DGI has
been validated for neurological and vestibular conditions
and is used worldwide [20, 21]. Developed as a clinical
tool to assess gait balance and fall risk, it evaluates not
only usual steady-state walking but also walking during
more challenging tasks [2, 16]. However, assessing the
individual’s ability to modify balance while walking in
the presence of external demands is very difficult. Com-
puterized gait analysis allows recording and quantifying
a patient’s walking over time to determine the ambula-
tory problems better.

In the last decade, a useful tool has become available to
clinicians to evaluate the patients’ disorders and follow
them over time under the pharmacological and or reha-
bilitative program and assist the clinicians in selecting
possible therapeutic adjustments.

In their recent paper, Lullo F. D’Addio G. et al. stig-
matize how “biomedical technologies have an increas-
ingly central role in the modern medicine,” giving to the
clinicians quantitative outcomes necessary on the choice
of the right therapy [13]. In their paper, authors exhaus-

tively focused on biomedical technologies used in the
context of gait analysis describing the main ones used
in the clinical practice about pathologies of neurologic,
orthopedic, and rheumatic interest, underlining their im-
portance in the clinical setting. They described all main
systems for gait analysis: system with passive mark-
ers, stereophotogrammetry system, force, and pressure
platforms, surface electromyography system, a system
based on inertial measurement units” underling the im-
portance of each in investigating different aspects [13].
Having the possibility to monitor the movement of the
patient quantitatively leads to the possibility to measure
the effects of medications, surgery, and rehabilitation ac-
curately. It is proposed to record walking through the use
of several integrated and interfaced instruments, each to
investigate a different aspect of movement: video foot-
age with multiple cameras to reconstruct movement in
three spatial dimensions; force, and pressure platforms
to measure the energy exchanged with the ground; and
surface electrodes that allow simultaneous recording of
the electrical activity of the muscle groups involved dur-
ing the movement [13, 14]. The technique measures the
kinematic variables (position, velocity, acceleration) and
dynamic variables (forces). Several protocols are used to
acquire a standardized and repeatable analysis; the most

Luigi DL, et al. Gait Analysis in Hyponatremia Patients with SITADH. JMR. 2022; 16(2):199-207.
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Figure 6. KINETICS & Force reactions to ground . DATA before and after Na+ correction

common acquisition protocol is the Davis system [14],
which includes the following steps. First, to perform an-
thropometric measurements: height, body weight, and
bone segment parameters necessary to estimate joint
centers (for example, the distance between the right and
left anterior and upper iliac spines, the distance in the
sagittal plane of the anterior iliac crests, and the great tro-
chanter, etc.). Second, by positioning the marker on the
body surface, to perform a static acquisition integrated
with the anthropometric ones, it is possible to calculate
the reference systems related to the bone segments and
the position of the joint centers of the lower limbs. Fi-
nally, a dynamic acquisition of the motor acts of interest
is carried out. From the three-dimensional coordinates
of the markers, this system integrates the digital signals
and reassembles a three-dimensional image of the sub-
ject. The time sequence of these images is the faithful
reproduction of the kinematic motion of the joints, and
it is possible to analyze the muscular electrical activity
and force/energy produced by the muscle groups. These
data assist the doctor in identifying the muscles most de-
ficient or the activation pattern of the muscles during the
gait [13, 14].

4. Results

In our case, the analysis was performed using the Elite
system (ELITE 15, BTS, Milan, Italy) with 6 video
cameras to acquire kinematic variables. Gait analysis
results and time-distance parameters were collected and
compared with kinetics data describing the forces that
cause the movement (Figure 4, 5). Kinetic variables are
important in gait analysis because they give information
on what causes the movement of the joint or the limb,
movement strategies, and neural compensation. Data
shown in the figures represent the kinetic and kinematic
profiles of our patient before and after sodium adjust-
ment. The first results with Na+ 127 mEq/L showed an
alteration of the temporal (increased velocity) and spatial
(postural deficit) parameters of the step with global neu-
romuscular instability compared to normal parameter
values (Figure 1). The results at baseline show that our
patient tended to walk slowly with a longer gait cycle,
a shorter step length, a longer double support time, and
a lower cadence. Parameters obtained seem to confirm
that during hyponatremia, she experienced a slower
speed in an ataxic walking pattern associated with poorer
muscle weakness. Static features were the extremely re-
duced walking unbalance and a persistent vertigo sensa-
tion. Several days after Na+ correction at 135 mEq/L,

Luigi DL, et al. Gait Analysis in Hyponatremia Patients with SIADH. JMR. 2022 16(2):199-207.
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Figure 7. EMG data before and after sodium correction
a new examination showed a sufficient normalization sidering this cut-off point (e.g., suggesting sodium

of the temporal and spatial parameters of the gait with plasma level of 138 mEq/L). Severe hyponatremia
a general improved neuromuscular control. The exam is those with sodium levels lower than 125 mEq/L.

showed a general improvement in neuromuscular con- Alongside the typical manifestations of the conditions
trol, qualitative-quantitative performance of the lower that led to hyponatremia, for example, the signs of hy-
limbs, and an apparent reduction in ambulatory difficul- povolemia or the expansion of extracellular fluids, the
ties with a clear reduction of the patient’s risk of falling. neurological manifestations of hypotonicity of body flu-
With a good Na+ correction, during the swing, the hip ids and, therefore, cerebral edema manifestations may
joint showed, for example, different anterior pelvic tilt dominate the picture. The more severe, the more rapidly
and a different and reduced pelvic rotation during walk- the hyponatremia developed and the more marked it is
ing. After hyponatremia correction at Na+ 135 mEq, the [9]. Clinical manifestations are nonspecific and gener-
patient showed a marked improvement (comparing nor- ally arise with sodium levels below 125 mEg/L and can
mal and pathologic parameter values) in neuromuscular present as generalized malaise, which can be associated

control with normalization of the temporal and spatial with headache, lethargy, and dullness for sodium levels
parameters of the step. Clinically, the patient showed a between 115 mEq/L and 120 mEq/L. For values below

significant improvement in neuromuscular control, qual- 115 mEq/L, there can be convulsions and coma. Recent
itative and quantitative performance of the lower limbs, studies show a direct correlation between hyponatremia
and a clear reduction in difficulties in ambulation and, and reduced bone density (bone contains about one-third
therefore, a clear reduction in her risk of falling. of the body’s sodium deposit), both in an animal model

of SIADH and in humans, as shown by the evaluation of
5. Conclusion the data of the NHANES III (The Third National Health

and Nutrition Examination Survey). Hyponatremia
Hyponatremia has traditionally been defined as a would stimulate the activation of osteoclasts with resorp-
plasma sodium concentration below 135 mEq/L. tion of the bone matrix (Naticchia et al., Hyponatremia.
However, recent clinical studies correlating its val- G Ital Nefrol 2011; 28(3):305-313).
ues with those at risk of death have proposed recon-

Luigi DL, et al. Gait Analysis in Hyponatremia Patients with SITADH. JMR. 2022; 16(2):199-207.
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Clinical gait analysis offers objective documentation
of the patient’s status and helps in treatment planning
and the pre/post-treatment comparison. Alterations in
kinematic parameters have been extensively described
in subjects with neurologic gait disturbances, in which
sagittal plane alterations of pelvic mobility are generally
interpreted as compensatory mechanisms to obtain bet-
ter stride characteristics. In these patients, neurotoxicity,
cerebral edema, compulsive crises, balance disorders
with the risk of falls, fractures, and arrhythmias are very
common medical risks. So in elderly patients, with or
without SIADH, it is essential to monitor the possible
hyponatremia and characterize it by its nature. The cli-
nicians should monitor the patient’s risk of falling and
any frequent arrhythmias due to a frequent link between
hyponatremia and cardiotoxicity (Figure 7).

Last but not least is the need to monitor elderly patients
for an increased risk of osteoporosis as hyponatremia in-
duces osteoporosis and is associated high risk of bone
fractures [21, 22]. Gait, a computerized examination of
the step, is objected through kinematic and kinetic pa-
rameters and shows how fragile the patient’s neuromus-
cular equilibrium is and how much the step pattern and
stability improves with a recovery of a suitable sodium
plasma level. The message to take home is that the el-
derly subjects (potentially suffering from hyponatremia)
who have sudden disorders of consciousness and walk-
ing may suffer from unknown hyponatremia and need
appropriate correction based on the right cause. We must
also consider that these patients are potentially at the risk
of syncope and require careful monitoring with ECG for
QTc and PR studies. The majority of cases of hyponatre-
mia are seen in elderly hospitalized patients with several
co-morbidities that may have additional contributing
pathologies. This consequent hyponatremia is not fre-
quently seen in a broad spectrum of malignant tumors,
but it appears helpful to recall that several other illnesses
cause SIADH as well [5]. Therefore, in an elderly patient
with balance problems, the diagnosis of hyponatremia
while using simple clinical and laboratory evaluations
is complex and often challenging. Therapy should be
modulated based on the symptoms and severity of hy-
ponatremia. Vaptans (Vasopressin receptor antagonists)
found in the eu- or hyper-volemic forms of hyponatre-
mia and especially in SIADH is a possible indication that
vasopressin level is not done routinely. In this regard, we
suggest serial measurements of urine and serum osmo-
larity along with other laboratory parameters to conclude
whether there is ectopic vasopressin secretion or not, to
achieve a good clinical improvement as confirmed by
gait analysis in our patient.

Journal of

Modern Rehabilitation

Ethical Considerations
Compliance with ethical guidelines

All ethical principles are considered and respected. The
participant was informed of the purpose of the exams
and research. A written consent form was acquired.

Funding

This paper was extracted from clinical data of our gait
analysis lab at Department Neuroscience.

Authors' contributions

R.C. and CF follow patients admitted in the rehab
ward and schedule clinical checks before and after clini-
cal and computed analysis evaluation PM and LDL did
gait examinations and analysed technical results. VC and
LDL wrote text. I.V. was the Internal Medicine special-
ist facing hyponatremia pharmacological therapy and the
first clinical diagnosis. All authors read and approved the
final version of the manuscript.

Conflict of interest

The authors declared no conflict of interest.

References

[1] Hoorn EJ, Lindemans J, Zietse R. Development of severe hy-
ponatremia in hospitalized patients: Treatment-related risk
factors and inadequate management. Nephrology, Dialysis,
Transplantation. 2006; 21(1):70-6. [DOI:10.1093/ndt/ gfi082]
[PMID]

[2] Renneboog B, Musch W, Vandemergel X, Manto MU, De-
caux G. Mild chronic hyponatremia is associated with falls,
unsteadiness and attention deficits. The American Jour-
nal of Medicine. 2006; 119(1):71.e1-8. [DOI:10.1016/j.am-
jmed.2005.09.026] [PMID]

[3] Yuridullah R, Kumar V, Nanavati S, Singhal M, Chan-
dran C. Clinical resolution of osmotic demyelination
syndrome following overcorrection of severe Hypona-
tremia. Case Reports in Nephrology. 2019; 2019:1757656.
[DOI:10.1155/2019/1757656] [PMID] [PMCID]

[4] Gankam Kengne F, Andres C, Sattar L, Melot C, Decaux G.
Mild hyponatremia and risk of fracture in the ambulatory el-
derly. QJM: Monthly Journal of The Association of Physicians.
2008; 101(7):583-8. [DOI:10.1093/ gjmed / hen061] [PMID]

[5] Mohan S, Gu S, Parikh A, Radhakrishnan J. Prevalence
of hyponatremia and association with mortality: Results
from NHANES”. The American Journal of Medicine. 2013;

Luigi DL, et al. Gait Analysis in Hyponatremia Patients with SIADH. JMR. 2022 16(2):199-207.



https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1093/ndt/gfi082
https://www.ncbi.nlm.nih.gov/pubmed/16141458
https://doi.org/10.1016/j.amjmed.2005.09.026
https://doi.org/10.1016/j.amjmed.2005.09.026
https://www.ncbi.nlm.nih.gov/pubmed/16431193
https://doi.org/10.1155/2019/1757656
https://www.ncbi.nlm.nih.gov/pubmed/31016055
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6446114
https://doi.org/10.1093/qjmed/hcn061
https://www.ncbi.nlm.nih.gov/pubmed/18477645

Journal of

Modern Rehabilitation

126(12):1127-37 1.
[PMID] [PMCID]

[DOI:10.1016/j.amjmed.2013.07.021]

[6] Tarif N, Sabir O, Niaz A, Akhtar R, Rafique K, Rizvi N. Hy-
ponatraemia: Epidemiology and aetiology in a tertiary care
centre in Pakistan. Journal of the Pakistan Medical Associa-
tion. 2016; 66(11):1436-9. [PMID]

[7] Flear CT, Gill GV, Burn ]. Hyponatraemia: Mechanisms
and management. The Lancet. 1981; 318(8236):26-31.
[DOI:10.1016/S0140-6736(81)90261-0]

[8] Lien YH, Shapiro JI. Hyponatremia: Clinical diagnosis
and management. The American Journal of Medicine. 2007;
120(8):653-8. [DOI:10.1016/j.amjmed.2006.09.031] [PMID]

[9] Gross P. Clinical management of SIADH. Therapeutic Ad-
vances in Endocrinology and Metabolism. 2012; 3(2):61-73.
[DOI:10.1177/2042018812437561] [PMID] [PMCID]

[10] Zietse R, van der Lubbe N, Hoorn EJ. Current and future
treatment options in SIADH. NDT Plus. 2009; 2(Suppl_3):iil2-
iii19. [DOI:10.1093/ndtplus/sfp154] [PMID] [PMCID]

[11] Patel GP, Balk RA. Recognition and treatment of hypona-
tremia in acutely ill hospitalized patients. Clinical Therapeu-
tics. 2007; 29(2):211-29. [DOI:10.1016/j.clinthera.2007.02.004]
[PMID]

[12] Siragy HM. Hyponatremia, fluid-electrolyte disorders, and
the syndrome of inappropriate antidiuretic hormone secre-
tion: Diagnosis and treatment options. Endocrine Practice.
2006; 12(4):446-57. [DOI:10.4158 /EP.12.4.446] [PMID]

[13] Francesco L, Leandro D, Giuseppe P, Bernardo L, Arman-
do C, Giovanni D. Gait analysis: Technical notes. Journal of
Advanced Health Care. 2020; 1(1):67-70. https://jahc.eu/
jahc2002-002/

[14] Di Lorenzo L. Gait analysis in hip viscosupplementation
for osteoarthritis: A case report. Reumatismo. 2013; 65(4):199-
202. [DOI:10.4081/ reumatismo.2013.199] [PMID]

[15] Trivedi D. Cochrane review summary: Mini-Mental
State Examination (MMSE) for the detection of dementia in
clinically unevaluated people aged 65 and over in commu-
nity and primary care populations. Primary Health Care
Research & Development. 2017; 18(6):527 -8. [DOI:10.1017/
51463423617000202] [PMID]

[16] Jacob S, Spinler SA. Hyponatremia associated with selec-
tive serotonin-reuptake inhibitors in older adults. The An-
nals of Pharmacotherapy. 2006; 40(9):1618-22. [DOI:10.1345/
aph.1G293] [PMID]

[17] Herman T, Inbar-Borovsky N, Brozgol M, Giladi N, Haus-
dorff JM. The Dynamic Gait Index in healthy older adults: The
role of stair climbing, fear of falling and gender. Gait & Pos-
ture. 2009; 29(2):237-41. [DOI:10.1016/j.gaitpost.2008.08.013]
[PMID] [PMCID]

[18] Wrisley DM, Walker ML, Echternach JL, Strasnick B. Re-
liability of the dynamic gait index in people with vestibular
disorders. Archives of Physical Medicine and Rehabilitation.
2003; 84(10):1528-33. [DOI:10.1016 /S0003-9993(03)00274-0]

[19] Soltanpour H, Kalantari M, Roostaei M. Inter-rater Reliabil-
ity, test-retest reliability, and internal consistency of the Per-
sian version of dynamic gait index in patients with multiple
sclerosis. Journal of Modern Rehabilitation. 2019; 12(4):245-52.
[DOI:10.32598 /JMR.V12.N4.245]

April 2022, Volume 16, Number 2

[20] Kinsella S, Moran S, Sullivan MO, Molloy MG, Eustace
JA. Hyponatremia independent of osteoporosis is associ-
ated with fracture occurrence. Clinical Journal of The Ameri-
can Society of Nephrology. 2010; 5(2):275-80. [DOI:10.2215/
CJN.06120809] [PMID] [PMCID]

[21] Verbalis JG, Barsony J, Sugimura Y, Tian Y, Adams DJ,
Carter EA, et al. Hyponatremia-induced osteoporosis.
Journal of Bone and Mineral Research. 2010; 25(3):554-63.
[DOI:10.1359/jbmr.090827] [PMID] [PMCID]

[22] Cumming K, Hoyle GE, Hutchison JD, Soiza RL. Preva-
lence, incidence and etiology of hyponatremia in elderly
patients with fragility fractures. PLoS One. 2014; 9(2):e88272.
[DOI:10.1371/journal.pone.0088272] [PMID] [PMCID]

Luigi DL, et al. Gait Analysis in Hyponatremia Patients with SITADH. JMR. 2022; 16(2):199-207.

207



https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/j.amjmed.2013.07.021
https://www.ncbi.nlm.nih.gov/pubmed/24262726
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933395
https://pubmed.ncbi.nlm.nih.gov/27812063/
https://doi.org/10.1016/S0140-6736(81)90261-0
https://doi.org/10.1016/j.amjmed.2006.09.031
https://www.ncbi.nlm.nih.gov/pubmed/17679119
https://doi.org/10.1177/2042018812437561
https://www.ncbi.nlm.nih.gov/pubmed/23148195
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3474650
https://doi.org/10.1093/ndtplus/sfp154
https://www.ncbi.nlm.nih.gov/pubmed/19881932
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762827
https://doi.org/10.1016/j.clinthera.2007.02.004
https://www.ncbi.nlm.nih.gov/pubmed/17472815
https://doi.org/10.4158/EP.12.4.446
https://www.ncbi.nlm.nih.gov/pubmed/16901803
https://jahc.eu/jahc2002-002/
https://jahc.eu/jahc2002-002/
https://doi.org/10.4081/reumatismo.2013.199
https://www.ncbi.nlm.nih.gov/pubmed/24192565
https://doi.org/10.1017/S1463423617000202
https://doi.org/10.1017/S1463423617000202
https://www.ncbi.nlm.nih.gov/pubmed/28578720
https://doi.org/10.1345/aph.1G293
https://doi.org/10.1345/aph.1G293
https://www.ncbi.nlm.nih.gov/pubmed/16896026
https://doi.org/10.1016/j.gaitpost.2008.08.013
https://www.ncbi.nlm.nih.gov/pubmed/18845439
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2709498
https://doi.org/10.1016/S0003-9993(03)00274-0
https://doi.org/10.32598/JMR.V12.N4.245
https://doi.org/10.2215/CJN.06120809
https://doi.org/10.2215/CJN.06120809
https://www.ncbi.nlm.nih.gov/pubmed/20056759
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2827601
https://doi.org/10.1359/jbmr.090827
https://www.ncbi.nlm.nih.gov/pubmed/19751154
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3153395
https://doi.org/10.1371/journal.pone.0088272
https://www.ncbi.nlm.nih.gov/pubmed/24505459
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3914945

