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Syndrome of Inappropriate Antidiuretic Hormone Secretion
Associated with Amyotrophic Lateral Sclerosis in a Patient
Developing Carbon Dioxide Narcosis
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Abstract

We report a rare case of syndrome of inappropriate antidiuretic hormone secretion (SIADH) associated
with amyotrophic lateral sclerosis (ALS). A 69-year-old man was admitted to our hospital with sustained hy-
ponatremia. Hyposmolality with elevated urinary osmolality and sodium excretion was observed, which indi-
cated SIADH. The treatment for SIADH was challenging; the patient developed carbon dioxide narcosis,
which led to the diagnosis of ALS. After the initiation of noninvasive positive-pressure ventilation, the pa-
tient’s serum sodium concentration normalized and became stable. Thus, ALS should be recognized as a pos-

sible cause of SIADH in the clinical setting.

Key words: hyponatremia, STADH, ALS, NPPV, CO. narcosis, respiratory failure

(Intern Med 56: 797-803, 2017)
(DOI: 10.2169/internalmedicine.56.7033)

Introduction

Hyponatremia is the most commonly observed electrolyte
abnormality in clinical practice (1, 2). Severe hyponatremia
can be associated with a high mortality rate (3). The syn-
drome of inappropriate antidiuretic hormone
(SIADH) is the most common cause of hyponatremia and it
is characterized by dilutional hyponatremia due to the exces-
sive secretion of antidiuretic hormone (ADH) (4). SIADH is
caused by various conditions, such as central nervous sys-
tem disorders, malignant neoplasms, nonmalignant pulmo-
nary diseases, invasive procedures, and adverse drug reac-
tions. Amyotrophic lateral sclerosis (ALS) or motor neuron
disease, which is a rare but clinically progressive and seri-
ous disease, is not a well-known cause of SIADH (5).
Moreover, the underlying mechanism remains unclear (5).

secretion

We herein report a case of ALS-associated SIADH. The pa-
tient presented with disturbed consciousness due to carbon
dioxide (CO.) narcosis after sustained hyponatremia, which
led to the diagnosis of ALS. Noninvasive positive-pressure
ventilation (NPPV) possibly contributed to the stable control
of STADH in the patient.

Case Report

A 69-year-old man with hyponatremia was referred to our
hospital. His medical history included type 2 diabetes melli-
tus (15 years) and chronic pancreatitis. He had a 50-year
history of drinking 1-2 units of alcohol and smoking 30
cigarettes per day. His family history was unremarkable. He
had noticed malaise and dyspnea at 6 months before his re-
ferral. He reported losing 13.5 kg of body weight in the pre-
vious 6 months, despite having a good appetite. He had
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Table 1. Laboratory Results on First Admission to Qur Hospital (Day1).
Complete blood count Reference Hormone
ranges
WBC (/uL) 7,670 3,500-9,400 TSH (IU/mL) 1.68 0.54-4.26
RBC (x10%/uL) 464 420-570 Free T4 (ng/dL) 1.35 0.71-1.52
Hb (g/dL) 14.1 13-17.5 ACTH (pg/mL) 273 7.2-633
Hematocrit (%) 41.9 40-52 Cortisol (pg/dL) 125 6.2-19.4
Platelet (x10%/ uL) 20.5 15-35 GH (ng/mL) 059 0-247
Blood Chemistry IGF-1 (ng/mL) 81 65-209
Plasma renin activity
ALB (g/dL) 4.8 3.7-5.2 (ng/mL+h) 08 0.3-29
T-bil (mg/dL) 0.5 0.2-1.0 Aldosterone (pg/mL) 131 29.9-159
AST (IU/L) 18 10-40 AVP (pg/mL) 1.3 0-3.8
ALT (IU/L) 16 4-44
CK (IU/L) 102 56-244 Urinalysis
BUN (mg/dL) 9.4 8-22 Urinary sodium (mEq/L) 107 40-250
.. Urinary potassium
Creatinine (mg/dL) 0.52 0.61-1.04 (mEq/L) 39 20-60
Sodium (mEq/L) 129 135-147 Urinary chloride (mEq/L) 114 40-180
Potassium (mEq/L) 4.5 3.5-5.0 Urinary creatinine (mg/dL) 58.4
. Urinary osmolarity
Chloride (mEq/L) 114 98-110 (mOsm/ke) 519
Uric acid (mg/dL) 2.6 4.0-7.0
Plasma
HbAlc (%) 6.3 4.7-6.2
Plasma Osmolarity
(mOsm/ke) 267 275-290
BNP (pg/mL) 23.7 0-18.4

WBC: white blood cell count, RBC: red blood cell count, ALB: serum albumin, T-bil: total
bilirubin, AST: aspartate aminotranferase, ALT: alanine aminotranferase, CK: creatine kinase, BUN:
blood urea nitrogen, HbAlc: hemoglobin Alc, BNP: brain natriuretic peptide, TSH: thyroid
stimulating hormone, free T4: free total thyroxine, ACTH: adrenocorticotropic hormone, GH:
growth hormone, IGF-1: insulin-like growth factor 1, AVP: plasma arginine vasopressin

been taking glimepiride, metformin, and camostat mesilate
for several years, and he had started taking vildagliptin and
miglitol less than 1 year previously. He consulted his pri-
mary care physician 3 months before being referred to our
hospital. The laboratory findings at that time showed low se-
rum sodium levels (130 mEq/L), and he was treated with
daily saline infusions. However, at 1 month prior to his re-
ferral, his laboratory findings showed the recurrence of low
serum sodium levels (124 mEq/L), and he was admitted to
the previous hospital. Cranial magnetic resonance imaging
(MRI) and chest computed tomography (CT) showed no re-
markable findings, such as emphysematous changes. Ab-
dominal CT showed only chronic pancreatitis. Upper and
lower gastrointestinal endoscopy was also performed, but re-
vealed no significant findings. He was discharged after treat-
ment with saline infusion and was referred to our hospital
for further investigation.

On admission, the patient (height, 173.8 cm; weight, 57.8
kg; and BMI 19.1 kg/m’) was alert and lean. A physical ex-
amination revealed no conjunctival pallor, indicating no ane-
mia. His thyroid was not palpable; neither crackles nor heart
murmurs were audible. There were no signs of edema or de-
hydration. A neurological examination revealed no obvious
muscle weakness or any sensory or tendon reflex disorder.
Regrettably, we did not examine the patient’s brainstem-
related reflexes or the fascicular contraction of the tongue at
this time. Chest radiography showed no remarkable lung ab-
normalities. Laboratory findings (Table 1) showed low se-

rum sodium levels (129 mEq/L), whereas his urinary sodium
excretion was relatively high (107 mEqg/L). The patient’s
ability to concentrate urine was maintained, with a urinary
osmolality of 519 mOsm/kg; his serum uric acid levels de-
creased to 2.6 mg/dL. The endocrinological data showed
normal levels of serum thyroid-stimulating hormone, free
thyroxine, and adrenocorticotropic hormone. The plasma ar-
ginine vasopressin level, as measured by a radioimmunoas-
say (AVP kit; Yamasa, Chiba, Japan), was relatively high at
1.3 pg/mL, despite a plasma osmolality of 267 mOsm/kg.
These findings strongly indicated a diagnosis of STADH.
Treatment with water restriction was initiated on admis-
sion (day 1). We estimated that the patient’s water intake at
home was over 2,000 mL/day. We initiated water restriction
to 1,200 mL/day [approximately 20 mL/kg/day based on a
previous report (6)] because he could not tolerate or follow
severe water restriction at that time. His serum sodium level
did not increase despite water restriction. Because he had
started taking vildagliptin and miglitol less than 1 year pre-
viously, we discontinued vildagliptin on day 3 and miglitol
on day 6, but his serum sodium concentration did not
change. On day 5, we increased the water restriction from
1,200 to 900 mL/day and started the oral administration of
1.5 g NaCl on day 6, but there was no change in the serum
sodium concentration. We therefore changed his water re-
striction from 900 to 1,200 mL/day on day 10 and discon-
tinued the oral administration of NaCl, which resulted in no
symptoms and the maintenance of his serum sodium con-
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Figure 1. Chest computed tomography (CT) obtained dur-
ing the patient’s first admission to our hospital. CT showed no

emphysematous changes or space-occupying lesions.

centration. To determine the cause of SIADH, additional
brain MRI, abdominal CT and MRI, and chest CT (Fig. 1)
were performed; however, they showed no significant find-
ings. Despite his history of smoking, chest CT showed no
emphysematous changes, and no space-occupying lesion was
found. Neither hilar lymphadenopathies nor pulmonary in-
flammatory changes were observed. Although the respiratory
function tests showed a decreased vital capacity as a per-
centage of the predicted value (%VC) (69%) and normal
forced expiratory volume in 1 second as a percentage of
forced vital capacity (FEV..%) (95%), he showed no dys-
pnea after quitting smoking and refused to undergo further
investigation in relation to this restrictive respiratory disor-
der. He was therefore discharged from our hospital on day
16 and followed up by his primary care physician.

He visited his primary care physician 41 days after his
discharge (day 57) because of worsening malaise and dys-
pnea. Because the laboratory findings revealed a recurrence
of hyponatremia, he was referred and admitted to our hospi-
tal. Following admission to our hospital, he was able to am-
bulate independently and was alert. A physical examination
revealed no prominent changes, with the exception of mild
muscle atrophy of the cervical and intercostal muscles as
well as the upper extremities. No edema or dehydration was
observed. Laboratory findings (Table 2) showed low serum
sodium levels (115 mEq/L) and plasma hyposmolality (252
mOsm/kg); his ability to concentrate urine was maintained.
These findings again strongly indicated a diagnosis of
SIADH. The patient’s clinical course during his second ad-
mission is shown in Fig. 2. At first, poor compliance with
water restriction was suspected as the cause of his recurrent
hyponatremia, but the water restriction had continued at
home due to his family’s attentiveness. He did not consume
alcohol, and his medications had remained the same since
the previous hospital discharge. We started strict water re-
striction on admission (1,200 mL/day) and recorded the
amount of drinking, which revealed that he drank no more

than 1,000 mL/day. On day 60, we started an infusion of
0.9% NaCl, but his serum sodium concentration remained as
low as 121 mEq/L. The patient and his family had received
information about tolvaptan and enthusiastically requested
its use. After obtaining patient’s written consent according to
a previous report (7), the oral administration of tolvaptan
was initiated on day 63 at a dose of 7.5 mg; the dose selec-
tion was based on a previous report (7), and water restric-
tion was not mandatory, as previously reported (8). Subse-
quently, the patient’s serum sodium concentration increased
from 120 to 123 mEq/L in 24 hours. On the morning of day
65, his level of consciousness deteriorated, with a Glasgow
Coma Scale score of 11. Central pontine myelinolysis
(CPM) due to rapid serum sodium elevation was initially
suspected, despite the fact that the patient’s serum sodium
concentration had not increased very rapidly (125 mEq/L on
day 65). MRI and CT of the brain showed no significant
findings such as typical findings of CPM. Arterial blood gas
revealed hypercapnia with respiratory acidosis; we therefore
suspected that the cause of his consciousness disturbance
was CO. narcosis. After the initiation of NPPV, his hyper-
capnia improved, and he became alert (day 66) (Fig. 2). On
day 67, he felt feverish, and his blood laboratory data indi-
cated the presence of an inflammatory reaction. He was di-
agnosed with pneumonia because a chest radiograph showed
consolidation of the right lower lung. We initiated antibiotic
therapy to treat the patient’s pneumonia and NPPV was con-
tinued. We discontinued antibiotics on day 74 because of
improvement of laboratory data and the improvement of the
consolidation on a chest radiograph. Subsequently, his serum
sodium level was normalized and maintained within the nor-
mal range, even after NPPV, despite the state of inflamma-
tion associated with pneumonia, which was followed by ta-
pering and the discontinuation of tolvaptan on day 74
(Fig. 2).

To investigate the cause of the SIADH and/or CO, narco-
sis, we retested the patient’s respiratory function. The find-
ings indicated the worsening of his %VC (59%) and showed
that his FEV,,% value was 94.5%. Chest radiographs during
the inspiratory and expiratory phases showed bilateral move-
ment of the diaphragm only between one intercostal margin
(Fig. 3). A whole-body CT revealed atrophy of the paraspi-
nal muscles in addition to the atrophy of muscles that had
been observed on physical examination on the second ad-
mission (Fig. 4). The results of spinal MRI and a cerebro-
spinal fluid examination were not surprising. Considering
the possibility of a neuromuscular disease, a careful neuro-
logical examination by neurologists revealed positive snout
and palmomental reflexes. An electromyogram revealed de-
nervation and reinnervation patterns in the tongue, ster-
nocleidomastoid, deltoid, biceps brachii, and paraspinal mus-
cles. The pathological findings of a biceps brachii muscle
biopsy specimen showed neurogenic changes with small to
large group atrophy, scattered pyknotic nuclear clumps, and
marked fiber type grouping. Based on these findings and the
patient’s progressive clinical course (Fig. 4), a diagnosis of
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Table 2. Laboratory Results on Second Admission to Our Hospital.

Complete blood count Day 57  Day 64 Hormone Day 57 Day 64
WBC (/uL) 6,070 6,080 TSH (IU/mL) 1.40 -
RBC (x10%/pL) 456 473 Free T4 (ng/dL) 1.44 -
Plasma renin activity
Hb (g/dL) 13.9 14.4 (ng/mL+h) 1.1 -
Hematocrit (%) 39.4 42.5 Aldosterone (pg/mL) 215 -
Platelet (x10* uL) 16.0 19.2 AVP (pg/mL) 1.7 -
Blood Chemistry Urinalysis
ALB (g/dL) 5.1 5.0 Urinary sodium (mEq/L) 34 63
T-bil (mg/dL) 0.8 0.5 Urinary potassium (mEq/L) 26 20
AST (IU/L) 23 19 Urinary chloride (mEq/L) 44 86
ALT (IU/L) 18 22 Urinary creatinine (mg/dL) 44.26 58.87
BUN (mg/dL) 9.9 12.8 Ur“;fn%;ﬁ/nk"gl;‘my 599 -
Creatinine (mg/dL) 0.50 0.46 Arterial blood gas room - 32%
air Oxygen
Sodium (mEgq/L) 115 125 pH 7.351 7.254
Potassium (mEq/L) 4.9 4.9 PCO, (mmHg) 71.5 109.7
Chloride (mEq/L) 73 78 PO, (mmHg) 60.1 82.9
Uric acid (mg/dL) 1.8 1.5 HCO3 (mmoL/L) 38.7 475
Plasma BE (mmoL/L) 10.2 14.7
HbAlc (%) 7.0 -
Plasma Osmolarity
(mOsm/kg) 252 278
BNP (pg/mL) 54.7 -

WBC: white blood cell count, RBC: red blood cell count, ALB: serum albumin, T-bil: total

bilirubin, AST: aspartate aminotranferase, ALT: alanine aminotranferase, BUN: blood urea nitrogen,
HbAlc: hemoglobin Alc, BNP: brain natriuretic peptide, TSH: thyroid stimulating hormone, free
T4: free total thyroxine, AVP: plasma arginine vasopressin, PCO2: partial pressure of carbon
dioxide, POz: partial pressure oxygen, HCOs: bicarbonate, BE: base excess
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Figure 2. The clinical course, laboratory data, and treatment of the present case. CO:: carbon di-
oxide, NPPV: non-invasive positive pressure ventilation

ALS was established. continued during sleep. Although he started showing muscle
The patient was discharged on day 90, and NPPV was atrophy of his lower limbs (day 197), his serum sodium
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Inspiratory phase

Expiratory phase

Figure 3. Chest radiographs of the inspiratory and expiratory phases of breathing. Bilateral move-
ment of the diaphragm was only observed between one intercostal margin.

Day
63

Day
197

Paraspinal muscles

Rotator cuff muscles

Figure 4. Progressive atrophy of the paraspinal and rotator cuff muscles.

concentration was maintained at 137 mEq/L (day 124) and
139 mEq/L (day 197). After NPPV, the patient’s serum
ADH levels were maintained at a low level (<0.8 pg/mL),
and his urinary sodium excretion decreased (Fig. 2).

Discussion

The finding of SIADH accompanied by ALS is very
rare (5). To the best of our knowledge, only seven cases of
SIADH accompanied by ALS, including our case, have been
reported (5, 9-12). Although ALS is clinically progressive

and serious, it is both a rare and unfamiliar disease to pri-
mary care physicians and endocrinologists, who are likely to
be primarily in charge of patients with hyponatremia in the
clinical setting. We therefore emphasize the clinical impor-
tance of the early recognition of ALS as a possible cause of
SIADH. Regrettably, in the present case, a delayed recogni-
tion of this possibility may have contributed to CO, narco-
sis; however, the patient had presented with weight loss and
restrictive ventilatory impairment. Moreover, four out of the
seven reported cases of SIADH accompanied by ALS pre-
sented with hyponatremia almost concomitantly with the di-
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agnosis of ALS. The remaining three cases were diagnosed
with ALS prior to the occurrence of hyponatremia (5, 9-12).
This suggests that we should recognize ALS as a possible
cause of STADH. At the same time, we should closely inves-
tigate the neurological findings when we encounter a patient
with newly diagnosed SIADH.

In this case, the laboratory and physical findings during a
sequence of admissions were in concordance with the crite-
ria for STADH (13). A highly concentrated NaCl infusion
was not initiated because, aside from CO, narcosis, our pa-
tient showed only chronic hyponatremia and full conscious-
ness (14). Tolvaptan was used for the treatment of SIADH
because of his and his family’s strong request as well as the
clinical usefulness of this agent. Tolvaptan is one of the
most effective drugs for treating hyponatremia in patients
with STADH (8). It is currently available in the United
States and Europe, but not in Japan; however, its clinical use
in Japan has been reported (7). We therefore carefully used
tolvaptan in accordance with the previous reports, which
promptly increased the patient’s
(Fig. 2). In addition, the serum sodium concentration was
stable even without tolvaptan and water restriction, which
may indicate that NPPV could contribute to the treatment of
hyponatremia in STADH with ALS.

The underlying mechanism of the association between
SIADH and ALS remains controversial. The following
mechanisms have been hypothesized: 1) hypoxia and hyper-
capnia, 2) an intrathoracic circulation dysfunction, and 3)
emotional factors and physical stress (5, 9-12). First, hy-
poxia can cause the constriction of the pulmonary vessels
and decrease the venous return to the left atrium. Further-
more, it can stimulate the hypothalamus directly or indi-
rectly via the carotid baroreceptors. At the same time, hy-
percapnia can stimulate ADH secretion via the baroreceptors
or by inducing acidosis (15). Second, dysfunction of the in-
trathoracic circulation due to the atrophy of the respiratory
muscles may decrease venous return to the left atrium (16).
Third, emotional factors and physical stress can influence
ADH secretion (17). In all but one (12) of the previous re-
ports (5, 9-11), the patients showed a restrictive ventilatory
defect and hypercapnia. The one exception was described as
a drug-induced case (12). Hypoxia was not observed at the
time of SIADH diagnosis in any of the cases (5, 9-12). In
our case, hypercapnia without hypoxia was observed. Taken
together, chronic hypercapnia due to respiratory muscle atro-
phy may have been the cause of SIADH in our case.

Moreover, although NPPV may increase the intrathoracic
pressure and promote ADH secretion via the intrathoracic
volume receptors, which could lead to the deterioration of
SIADH, NPPV contributed to the management of SIADH in
our case. Because this favorable effect of mechanical venti-
lation in ALS-associated SIADH was reported in another
study (11), we hypothesized that the hypercapnia and intra-
thoracic circulatory changes were responsible for the devel-
opment of SIADH in our patient.

In addition, in the present case, our patient developed

serum sodium levels

pneumonia after NPPV. As previously reported, inflamma-
tory cytokines, such as interleukin (IL) 1B and IL-6, are in-
volved in the development of hyponatremia due to ADH se-
cretion (18). IL-1P stimulates both the central and peripheral
release of vasopressin, and IL-6 induces the activation of
AVP neurons (19, 20). However, inflammatory cytokines
may not have significantly contributed to the development of
SIADH in our case because the patient did not present with
pneumonia at the time of the initial diagnosis of SIADH.
Moreover, his serum sodium levels did not decrease at any
point while he had pneumonia.

Finally, his hypercapnia seemed to deteriorate on the sec-
ond day of tolvaptan treatment (Fig. 2). It is suggested that
the effect of inhibition of ADH by tolvaptan leads to a de-
crease in the pulmonary blood flow and contributes to the
rapid worsening of hypercapnia. However, the exact evalu-
ation of pulmonary blood flow was challenging in our case.
Thus, we should note that tolvaptan may cause a rapid de-
crease in the pulmonary blood flow in some cases when
SIADH occurs concomitantly with ALS. At the same time,
we might suggest the possibility of the rapid worsening of
hypercapnia in patients with COPD. In such patients, the
pulmonary vascular bed and pulmonary blood flow may be
decreased to a similar extent to that which is observed in
ALS-associated STADH (21).

In summary, we reported a rare case of ALS-associated
SIADH. Our patient presented with disturbed consciousness
due to CO, narcosis after sustained hyponatremia, which led
to the diagnosis of ALS. We therefore emphasize the clinical
importance of the early recognition of ALS as a possible
cause of SIADH. Moreover, NPPV may contribute to a sta-
ble control of SIADH in such cases.

The authors state that they have no Conflict of Interest (COI).
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