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evidence, much of the guidance and recommendations available for management are based on clinical judge-
ment. Although percutaneous balloon kyphoplasty can effectively relieve the severe pain associated with os-
teoporotic vertebral compression fractures that do not respond to conventional treatments, the effect of bal-
loon kyphoplasty on SIADH associated with vertebral compression fracture remains unknown.

A 72-year-old woman was admitted to our hospital due to severe pain associated with lumbar compression
fracture and pain-related SIADH. Since her pain could not be relieved by analgesics, she underwent percuta-
neous balloon kyphoplasty, a minimally invasive procedure intended to relieve pain. After the surgery, the pa-
tient’s pain almost completely disappeared and her sodium level was gradually corrected within 3 days with-
out any adverse events.

Percutaneous balloon kyphoplasty is a novel treatment option for SIADH associated with vertebral compression
fracture. In the case presented here, it rapidly reduced pain and disability and also improved severe pain-asso-
ciated SIADH without adverse effects. It may offer an alternative to pain regimens consisting of drugs, such as
duloxetine, pregabalin, and opioids, that may exacerbate SIADH and hyponatremia. This case suggests treat-
ment for new-onset or worsening hyponatremia in patients with vertebral compression fracture.

Fractures, Compression ¢ Inappropriate ADH Syndrome ¢ Perioperative Care
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Background

Hyponatremia is a common electrolyte disturbance in clinical
practice, and syndrome of inappropriate antidiuretic hormone
secretion (SIADH) is the most frequent condition underlying
hyponatremia [1]. SIADH is characterized by abnormal release
of antidiuretic hormone (ADH) or enhanced action of ADH on
the kidney. The causative factors of SIADH include a wide va-
riety of symptoms, diseases, and drugs [2]. There are a variety
of management approaches for SIADH in clinical practice, but
the evidence supporting their use is limited [3]. Percutaneous
balloon kyphoplasty can effectively relieve severe pain asso-
ciated with osteoporotic vertebral compression fractures that
do not respond to conventional treatments, and it may help
decrease the physical consequences related to fracture [4,5].
However, the effect of balloon kyphoplasty on SIADH associ-
ated with vertebral compression fracture remains unknown.
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We report a case of SIADH associated with lumbar compres-
sion fracture in a patient who subsequently underwent percu-
taneous balloon kyphoplasty. We discuss the pathogenesis of
SIADH in our case, as well as the perioperative management
and treatment strategy for hyponatremia in SIADH associat-
ed with lumbar compression fracture.

Case Report

A 72-year-old woman was transferred to our hospital for the
evaluation and treatment of severe lower back pain and ra-
diating pain in the left leg. Although no significant traumatic
event occurred, she experienced severe and worsening back
pain and leg pain for 1 week before her transfer. Upon arrival,
the patient rated her pain as 10/10 on a visual analog scale
(VAS), where 0 indicated “no pain” and 10 indicated “worst
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Figure 1. (A) Sagittal lumbar magnetic resonance image displaying a fracture with associated edema on L5. The arrow indicates the
fracture. (B) Sagittal computed tomography myelography did not show compressive lesions pressing against the nerve roots

and spinal cord.
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Figure 2. Clinical course of our patient. The image shows the change in serum sodium level in relation to the administration of
pregabalin and duloxetine. Hyponatremia gradually resolved after pain relief surgery. VAS — visual analog scale.

pain.” She described her pain as stabbing, and it was exac-
erbated by movement of the axial spine. She experienced
pain radiating toward the left lower extremity, but she had
no problems with bowel and bladder function. Magnetic res-
onance imaging of the spine showed low intensity in a T1-
weighted image and high intensity in a T2-weighted image at
L5 (Figure 1A). Computed tomography myelography did not
show compressive lesions pressing against the nerve roots or
spinal cord (Figure 1B). An L5 osteoporotic vertebral compres-
sion fracture was diagnosed. The patient’s medical history was
significant for type 2 diabetes mellitus and hypertension, but
otherwise, she had no remarkable history. Her medications
included metformin, angiotensin Il receptor blockers, and Ca-
channel blocker, but not any diuretics. On the fourth day of
admission, a preoperative evaluation was conducted to deter-
mine whether pain relief surgery could be safely performed.
The patient’s vital signs were as follows: height, 155.0 cm;
weight, 47.0 kg without recent changes; temperature, 36.7°C;
blood pressure, 116/65 mmHg; and pulse, 80 beats/min, with
a regular sinus rhythm. Physical examination was also per-
formed, and the findings were as follows. Her skin was moist,
the heart sounds were normal with no murmurs, the lungs
were clear without rales, and the lower extremities showed
no signs of edema. Neurological examination findings were
normal. The patient rated her pain as 9-10/10 on VAS. Clinical
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chemistry showed moderate hyponatremia (Na 125 mEq/L),
hypo-osmolality (262 mOsm/kg), and hyperglycemia (fasting
glucose, 176 mg/dL). Endocrine studies showed elevated ADH
(1.6 pg/mL) and normal thyroid and adrenal gland function.
Urinary sodium concentration was increased (56 mEq/L), and
urinary osmolality was 410 mOsm/kg. Chest X-ray, electro-
cardiogram, and chest computed tomography findings upon
admission were normal. The patient exhibited hyponatremia,
plasma hypo-osmolality, inappropriate urinary concentration
at some level of plasma hypo-osmolality, elevated urinary sodi-
um excretion, and absence of other potential causes of plasma
hypo-osmolality, which indicated SIADH. Pregabalin for severe
pain was initially suspected as the cause of SIADH. As the pa-
tient’s pain remained uncontrolled, pregabalin treatment was
continued. Figure 2 shows the patient’s clinical course. The pa-
tient was initially instructed to restrict water intake (750 mL/d)
and take salt tablets (54 mEq/d). However, the sodium level
decreased after duloxetine was added to the patient’s treat-
ment for severe pain. The patient’s pain was slightly relieved
after addition of duloxetine, but she still rated it as 8-9/10 on
VAS. As the patient refused opioids, duloxetine was continued.
On the sixth day, she had nausea and mild agitation possi-
bly due to increased intracranial pressure, and hypertonic sa-
line infusion was started to treat her worsening hyponatre-
mia. On the eighth day, she underwent percutaneous balloon
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kyphoplasty, a minimally invasive procedure intended to re-
lieve pain. Postoperative rapid diuresis did not occur, and the
sodium level was gradually corrected within 3 days. On the
10t day, the patient’s pain was rated as 0-2/10 on VAS. After
pain relief surgery, hyponatremia and other findings improved
spontaneously (Figure 2). On the 11t day, duloxetine was dis-
continued. The sodium level during a 6-month follow-up was
within the normal range, although the patient continued to
take only pregabalin.

Discussion

SIADH is a clinical syndrome of euvolemic hyponatremia [6].
Our patient showed hyponatremia, plasma hypo-osmolality,
inappropriate urinary concentration at some level of plasma
hypo-osmolality, elevated urinary sodium excretion, and nor-
mal function of the thyroid and adrenal glands, which indi-
cated SIADH [7].

Our case encompasses 2 main concerns. The first involves the
pathogenesis of SIADH. ADH plays an important part in the
development of SIADH. Abnormal release of ADH or enhanced
action of ADH on the kidney induces SIADH. In our case, plas-
ma ADH concentrations were measured with a radioimmuno-
assay kit (YAMASA Shoyu Corporation, Choshi, Japan) using a
primary rabbit polyclonal antibody (interassay coefficient of
variation [CV], 2.3-6.7%; intra-assay CV, 4.0-8.0%) and ADH
was detectable in the setting of plasma hypo-osmolality, which
suggested relative ADH elevation [8]. Given that hyponatre-
mia in our patient worsened after treatment with duloxetine
and pregabalin, yet it spontaneously resolved after pain re-
lief surgery despite the patient continuing to take the medi-
cations, severe pain may stimulate ADH secretion. However,
duloxetine and pregabalin may induce or worsen hyponatre-
mia, more so in presence of predisposing factors like advanced
age and pain. We cannot elucidate the mechanisms underly-
ing the development of SIADH in the present case; howev-
er, the stimulation of hypothalamus, which is one of the pain
modulation sites, might affect ADH secretion [9]. ADH secre-
tion may also be increased by duloxetine through the stim-
ulation of the serotonin and norepinephrine receptors in the
hypothalamus [10,11]. Pregabalin-induced SIADH has rarely
been reported, and the pathogenesis remains unknown [12].
However, measurement of ADH may be clinically of little val-
ue because plasma ADH is elevated in both hypovolemic and
hypervolemic hyponatremia, and it might be difficult to mea-
sure accurately because of the difficult of handling, storing,
and assaying samples [6].
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The second concern is the treatment strategy for SIADH asso-
ciated with vertebral compressive fractures. Various treatment
approaches for SIADH have been recommended in different
countries and organizations, yet they lack strong evidence in
support of their use [13]. Common treatment options include
fluid restriction, the management of the underlying disorder,
and the discontinuation of the offending medication, but some
patients with SIADH require other options. Percutaneous bal-
loon kyphoplasty may be a novel treatment option for SIADH
associated with vertebral compression fracture. It not only rap-
idly reduced pain and disability in the current case but also
improved severe pain-associated SIADH without adverse ef-
fects [3,4]. Percutaneous balloon kyphoplasty may offer an al-
ternative to pain regimens consisting of drugs that may fur-
ther worsen SIADH and hyponatremia.

Our experience centered on the perioperative management of
a patient with SIADH-related hyponatremia who underwent
pain relief surgery. A recent cohort study showed that preop-
erative hyponatremia was a prognostic marker for morbidity
and mortality, but the effectiveness and safety of the interven-
tion for preoperative hyponatremia have not yet been estab-
lished [14]. However, a dynamic change in sodium level may
increase the risk for several adverse outcomes such as postop-
erative pneumonia, renal failure, and central pontine myelin-
olysis [15]. Therefore, we carefully monitored the patient’s so-
dium level to avoid overcorrection after surgery. Postoperative
rapid diuresis did not occur, and the sodium level was gradual-
ly corrected within 3 days. SIADH induced by severe pain slow-
ly resolved after pain relief surgery. This phenomenon might
reflect the pathogenesis of SIADH induced by pain, which can
stimulate ADH secretion. This case could help clinicians treat
new-onset or worsening hyponatremia in patients with a ver-
tebral compression fracture.

Conclusions

We report a case of SIADH associated with lumbar compres-
sion fracture in a patient who underwent balloon kyphoplas-
ty for pain relief. In case of SIADH associated with a vertebral
compression fracture, percutaneous balloon kyphoplasty might
offer an alternative to pain regimens consisting of drugs that
may further worsen SIADH and hyponatremia.
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