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Abstract

BACKGROUND

Arginine vasopressin is a neuropeptide produced in the hypothalamus and released by
the posterior pituitary gland. In addition to maintaining plasma osmolarity, under
hypovolemic or hypotensive conditions, it helps maintain plasma volume through renal
water reabsorption and increases systemic vascular tone. Its synthetic analogues are
widely used in the intensive care unit as a continuous infusion, in addition to hospital
floors as an intravenous or intranasal dose. A limited number of cases of hyponatremia
in patients with septic or hemorrhagic shock have been reported previously with
vasopressin. We report for the first time a normotensive patient who developed

vasopressin-induced hyponatremia.

CASE SUMMARY

A 39-year-old man fell off a forklift and sustained an axial load injury to his cranium.
He had no history of previous trauma. Examination was normal except for motor and
sensory deficits. The Imagine test showed endplate fracture at C7 and acute traumatic
disc at C7 with cortical degeneration. He underwent cervical discectomy and fusion,
laminectomy, and posterior instrumented fusion. After ICU admission post-surgery, he
developed hyponatremia of 121-124 mEq/L post phenylephrine and vasopressin
infusion to maintain blood pressure maintenance. He was evaluated for SIADH
(syndrome of inappropriate secretion of antidiuretic hormone), hypothyroid, adrenal-
induced, or diuretic-induced hyponatremia. At the end of extensive evaluation for the
underlying cause of hyponatremia, vasopressin was discontinued. He was also put on
fluid restriction, given exogenous desmopressin, and a D5W infusion to prevent
osmotic demyelination syndrome caused by sodium overcorrection. which improved

his sodium level to 135mmol/L.

CONCLUSION




The presentation of vasopressin-induced hyponatremia is uncommon in normotensive
patients, and the most difficult aspect of this condition is determining the underlying
cause of hyponatremia. Our case illustrates that, considering the vast differential
diagnosis of hyponatremia in hospitalized patients, both hospitalists and intensivists

should be aware of this serious complication of vasopressin therapy.
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Core Tip: While hyponatremia can have many causes, vasopressin-induced
hyponatremia in normotensive patients is unusual. Since the COVID-19 pandemic,
vasopressin use has increased in intensive care units across the country, and
vasopressin-induced hyponatremia is likely underrated. We have intervened by
discontinuing vasopressin and replacing it with exogenous desmopressin and a D5W
infusion. Through his care, the patient's serum sodium returned to normal and he made

a full recovery. This makes our case unique.

INTRODUCTION

Under normal conditions, the major physiological role of vasopressin (also known as
antidiuretic hormone) is the maintenance of serum osmolarity via the regulation of
water balance, through the activation of aquaporin channels in the renal collecting duct.
Vasopressin is also an important endogenously released stress hormone, particularly
during shock; it exerts vasoconstrictive properties via arginine vasopressin receptor 1A
(V1a) receptors. Consequently, this hormone has been wused clinically as a
vasoconstrictive, norepinephrine-sparing agent in the treatment of septic shock and

other forms of hypotension [ Furthermore, it is utilized in the treatment central




diabetes insipidus, von Willebrand disease, Hemophilia A, and nocturnal enuresis.
However, vasopressin therapy carries a number of serious potential side effects,
including cardiac and gastrointestinal complications, anaphylaxis, cutaneous gangrene,
and venous thrombosis [2. Vasopressin-induced hyponatremia is a rare adverse effect
that has only recently been identified in patients suffering from vasodilatory shock [3l.
Hyponatremia is mechanistically justified based on vasopressin’s mechanism of action.
In this article, we will discuss a case of clinically significant vasopressin-induced

hyponatremia in a normotensive patient in the Mayo Clinic Health System Intensive

Care Unit (ICU).

CASE PRESENTATION

Chief complaints
We present a case of successfully treated vasopressin induced hyponatremia in

normotensive patient.

History of present illness

A 39-year-old previously healthy male presented as a high acuity trauma after falling
off a forklift, sustaining an axial load injury on his cranium. He was evaluated in the ED
and workup was negative for neurologic findings. His initial vital signs in the
emergency department were normal and the patient had a GCS (Glasgow Coma Scale)
of 15. He was protecting his airway and had bilaterally clear lung sounds without chest

wall trauma. He was noted to have a scalp laceration with no active bleeding.

History of past illness

He has no known prior history of trauma and illness.

Personal and family history

He has no known prior personal and family history.




Physical examination

The patient had a loss of sensation below the level of the nipples, loss of motor function
of his lower extremities, and no rectal tone. In terms of upper extremity motor function,
he had good power and grip strength in right hand but decreased on the left hand. No

thoracic or lumbar spine step-off nor back trauma stigmata were noted.

Laboratory examinations

To rule out hyperglycemia-induced hyponatremia, we measured serum glucose and
calculated corrected sodium. In order to rule out pseudohyponatremia, we measured
serum protein and lipid profiles. We also performed a complete blood count and
measured urinary osmolarity, plasma osmolarity, random urine sodium level, serum
cortisol level, serum ACTH (adrenocorticotropic hormone) level, and serum TSH level

to rule out differential diagnosis of hypoosmotic hyponatremia.

Imaging examinations

On imaging in the ED, a FASTéFocused Assessment with Sonography in Trauma) exam
was done and was negative. A computerized tomography (CT) scan of the head was
negative for acute intracranial processes, as well as negative CT scans of the thoracic
and lumbar spines. CT scan of the cervical spine revealed a superior endplate fracture
at C7, and an MRI revealed what appeared to be an acute traumatic disc at the C7 Level
with cortical degeneration. Subsequent CT angiogram of the neck revealed no acute

vascular injuries.

FINAL DIAGNOSIS

The definitive diagnosis in the case described is vasopressin-induced hyponatremia in a

normotensive state.

TREATMENT




The patient was taken to the OR where he underwent C6-C7anterior cervical
discectomy and fusion, C6-C7 Laminectomy, and C4-T2 posterior instrumented fusion,
as well as closure of the patient’s scalp laceration.

He admitted to the critical care unit on phenylephrine postoperatively for maintenance
of a MAP (Mean arterial pressure) greater than 8SmmHg. On day #2 and day #3 of ICU
care, infusion of vasopressin was initiated with the addition of phenylephrine
intermittently to maintain MAP goals of 80-85mmHg to augment cord perfusion for 7
days from the time of his injury. His sodium level on ICU day #3 was 131 mmol/L. On
day #4, he had an episode of hypoxemia and cough with a chest x-ray that revealed
perihilar infiltrates concerning for possible volume overload. Lasix was given and
arterial blood gas showed minimal hypoxemia with normal pCO2 and was managed on
a high-flow nasal cannula. However, we encountered new onset hyponatremia with
sodium levels 121 - 124 mmol/L and noted high urine osmolarity and high urine
sodium. He was evaluated for SIADH (syndrome of inappropriate secretion
of antidiuretic  hormone), hypothyroid, adrenal-induced, or diuretic-induced
hyponatremia. He was placed on fluid restriction without much improvement, so
subsequently the vasopressin infusion was discontinued. After discontinuation of
vasopressin, over ICU days #4 and #5, subsequent sodium levels at 6 h, 12 h, and 18 h
were 124, 134, and 141 mmol/L respectively (Figure 1). Additionally, on day #5,
Nephrology was consulted to manage the over-correction of hyponatremia to reduce
the risk of osmotic demyelination syndrome, and he was started on exogenous
desmopressin (DDAVP) and dextrose 5% in water (D5W) instead of hypertonic
solution, as hypertonic solution is only used in cases of seizure or acute neurological
signs and symptoms. Phenylephrine was continued to maintain MAP. On ICU day #6,
the patient’s sodium stabilized at 135 mmol/L overnight with DDAVP and free water
was discontinued. On day #7, overnight sodium level was noted to stabilize between
135-138 mmol/L. A tertiary survey was performed and no occult injuries were
identified. The patient was started on aggressive physical therapy and occupational

therapy, and attempts were made to wean off phenylephrine as per Neurosurgery for




spinal cord perfusion purposes. He was able to wean off vasopressors but due to
orthostatic hypotension symptoms, the patient was started on a low dose of midodrine
with subsequent improvement. On day #8, the patient was transferred for inpatient
spinal cord rehabilitation, where he continued to demonstrate strength, functional
improvement, and coordination of left upper extremity, as well as static and dynamic

sitting balance and sensation to light touch and pressure in the lower extremity.

OUTCOME AND FOLLOW-UP

On 3 mo postop follow up, he showed improvement as he was upgraded from ASIA B

(American Spinal injury Association Impairment Scale Score) to an ASIA C.

DISCUSSION

Vasopressin is critical for maintaining normal body osmolality and plasma volume in
response to several pathways of stimuli, including osmotic and nonosmotic triggers -
¢l. Its mechanism of action begins with a cyclic adenosine monophozﬁhate (cAMP)
signaling cascade in the renal system and culminates with the insertion of aquaporin 2
channels (AQP-2) into the apical membrane of the renal collecting duct. The resulting
accumulation of these water channels leads to the reabsorption of water into the
bloodstream [0, This hormone also serves numerous related functions both when
delivered endogenously and exogenously. For instance, in clinical settings, the
vasoconstrictive effects of vasopressin correct depleted blood volume in patients facing
vasodilatory shock [M1l, In the case of this patient, the use of general anesthesia during
and following a surgery to address an acute spinal cord injury required external
maintenance of mean arterial pressure (MAP) for a stated period of seven days.
Initially, phenylephrine, an al-adrenergic receptor, was infused at a maximum dose for
these purposes; vasopressin administration began concurrently with phenylephrine to
continually reach goal MAPs of >85 mmHg. Prior to the initiation of vasopressin, basic
metabolic panels revealed that sodium levels were within normal limits, defined in this

report as 135-145 mmol/L. After vasopressin support, the significant drop in the




patient’s sodium level down to 121 mmol/L indicated a state of hyponatremia, and lead

to a significant risk for neurologic complications. (Figure 1)

While hyponatremia is a relatively common affliction of hospitalized patients, the
ramifications of unrecognized or untreated cases can be devastating for patient
outcomes. With a decrease in serum sodium, the corresponding increase in intracellular
osmolality can result in excess entrance of water into the cells [12.13l, This swelling of
cells may engender several effects specifically secondary to brain edema, ranging from
those as mild as headaches, lethargy, and nausea to ones as extreme as comas, seizures,
and even eventual death['. Fortunately, hyponatremia can be carefully corrected via
multiple treatments that encourage slow re-establishment of the standard osmotic
gradient. Rapid overcorrection can become quickly dangerous to the patient, as brain
cell dehydration leads to osmotic demyelination and numerous neurological defects!®
15], The preferred intervention in correcting hyponatremia depends largely on the cause
of this electrolyte imbalance, namely whether it can be described as isotonic, hypertonic,

or hypotonic[®3l.

The investigation of the etiology of hyponatremia in this patient required a systematic
approach to eliminating all possible causes of hyponatremia in a stable, normotensive,
post-surgical trauma patient. First, it should be noted that blood glucose was within the
normal range, noted as 110 mg/dL during the onset of hyponatremia, which concluded
that hyperglycemia was not present. Neither hyperlipidemia nor hyperproteinemia
were suspected as the serum was not lipemic, the patient did not exhibit jaundice, or
have a history of plasma cell dyscrasia. These inquiries, along with a measured serum
osmolality of 268 mOsm/kg, outside of defined normal limits of 276-306 mOsm/kg,
suggested hypotonic hyponatremia. His euvolemic status and elevated urine sodium
level, on the other hand, made hypovolemic hyponatremia less likely, and there was no
other obvious cause of SIADH. However, while encephalic trauma can cause transient

changes in water-electrolyte balance, this patient's initial serum electrolytes levels,




including sodium, potassium, bicarbonate, and chloride, were normal, and his urine
output was also normal [16l. His urine output and lack of primary CNS injury made
cerebral salt wasting less likely. We became concerned for hyponatremia secondary to
the recent vasopressin infusion!3l. In a combined diagnostic and therapeutic approach,
cessation of vasopressin led to prompt improvements in serum sodium. The
hyponatremia corrected too rapidly, reaching a high sodium level of 141 mmol/L. After
DDAVP and D5W, this overcorrection was reversed and stabilization of sodium levels
within the normal range ensued. These observed changes in sodium levels, both upon
beginning and stopping vasopressin, heightened suspicions of vasopressin-induced

hyponatremia.

Both in the intensive care setting and otherwise, the finding of vasopressin-induced
hyponatremia, is still emerging and rare. A few previous studies have detailed cases of
hyponatremia secondary to vasopressin administration in the treatment of specific
conditions. For example, a 2015 study reviews the cases of two young adult ICU
patients treated with vasopressin for septic shock; both patients developed
hyponatremia following initiation of the medication, but quickly rebounded from
hyponatremia following discontinuation of vasopressin. The aforementioned study also
mentions the role of catecholamines, corticosteroids, and endotoxins in counteracting
the potentially detrimental effects of vasopressin in shock patientsll. Another study in
1984 compared the utility of intravenous somatostatin and vasopressin in cirrhotic
patients with variceal bleeding; researchers discovered that a complication common
only to the vasopressin group was hyponatremial'7l. Similarly, a 1995 case report
follows a post-caesarean section patient that received intravenous vasopressin to control
esophageal and gastric varices. This serum sodium of this patient dropped significantly
following vasopressin infusion but rebounded quickly following discontinuation of the

medicationl18l],




Following his axial loading injury, this trauma patient exhibited periods of
hyponatremia while recovering in critical care. While the etiology of this deficiency was
initially unknown, the vasopressin infusion’s mechanism of action was thought-
provoking. Similar inductions of hyponatremia by vasopressors have been documented
in patients suffering from septic shock, as well as in patients undergoing treatment for
variceal hemorrhage; however, these consequences have not been examined in a stable,
normotensive, adult patient[3 17181, Our study diverges from past literature through the
patient presentation and the indication for vasopressin treatment and the lack of shock.
A stable, normotensive, adult trauma patient received vasopressin post-operation to
maintain MAP. The result in this case report illustrates the shared result of
hyponatremia remedied through the cessation of vasopressin. As far as we are aware,
potential hyponatremia complications include cerebal edema, non-cardiogenic
pulmonary edema, permanent neurological damage, and death. Finding the underlying
cause of hyponatremia is always necessary in order to prevent life-threatening
complications. Although the majority of hyponatremia's underlying causes are treatable
and reversible, rare causes such as vasopressin-induced hyponatremia should be
considered. Due to the widespread use of this medication in hospitals, both critical care
physicians and hospitalists should be aware of this vasopressin side effect. Ultimately,
the potential for hyponatremia per vasopressin commands further study across all
demographics, indications, and settings. An improved understanding of the risks and
mechanisms of vasopressin-induced hyponatremia would better inform clinical

decision-making and possible prophylactic salt restriction for these patients.

CONCLUSION

Vasopressin-induced hyponatremia is an overall rare occurrence, but this potential
consequence should still be suspected under certain conditions to both prevent and
mitigate harmful effects. While several previous studies have detailed the development
of vasopressin-induced hyponatremia in pediatric, hemorrhage, and shock patients, our

case study demonstrates this form of hyponatremia in an adult, normotensive trauma




patient recovering in the critical care setting. In brief, our patient’s serum sodium
dropped to hyponatremic levels concurrently with the administration of vasopressin
and recovered promptly with the cessation of this medication. However, more research
is needed to various factors that may be responsible for additive effects, such as
additional comorbidities, duration of vasopressin use, dosage, and interaction with

other medications.
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