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3.2 VASOPRESSIN

BACKGROUND

Vasopressin, also known as antidiuretic hormone (ADH), was
first discovered in the early 20th century with its initial
identification related to water retention and blood pressure
regulation (Glavas et al, 2022). Over the years, vasopressin's
therapeutic applications expanded, leading to its eventual FDA
approval in the United States (Glavas et al, 2022). The
importance of vasopressin in cardiac arrest management was
further emphasized by studies that found higher endogenous
vasopressin concentrations were associated with greater
chances of restoring spontaneous circulation (Lindner et al,
1993). In pig models of cardiac arrest, higher levels of
vasopressin  during CPR were associated with improved
coronary perfusion pressure, myocardial blood flow, and
coronary venous pH (Lindner et al, 1993; Lindner et al., 1995;
Prengel et al, 1996; Wenzel et al, 1999). As of the latest ACLS
guidelines, vasopressin is not considered a first-line medication
for cardiac arrest management but may still be used as an
alternative to epinephrine in certain cases (Panchal et al,
2020). The common dosage for vasopressin in cardiac arrest is
40 units, administered intravenously or intraosseously (Panchal
et al, 2020). In the following sections, we will delve deeper into
the pharmacology, dosing and administration,
contraindications, compatibility issues, adverse effects, clinical
pearls, guidelines, landmark trials, areas of controversy, and
potential avenues for future research related to vasopressin's
role in cardiac arrest management.
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PHARMACOLOGY: MECHANISM OF ACTION AND
RATIONALE BEHIND ITS USE IN EMERGENCIES

Vasopressin mediates its effects by binding to V1, V2, and V3
receptors. V1 receptors are located on vascular smooth muscle
and mediate vasoconstriction. V2 receptors in the kidneys
modulate water reabsorption through aquaporin channels. V3
receptors are found in the anterior pituitary and modulate
adrenocorticotropic hormone (ACTH) release.(Glavas et al,
2022).

In cardiac arrest, vasopressin’s V1 receptor-mediated
vasoconstriction increases systemic vascular resistance and
blood pressure. This aims to improve coronary and cerebral
perfusion pressures, which are vital for successful resuscitation.
Animal studies have also shown that vasopressin maintains
better cerebral perfusion compared to epinephrine during CPR
(Lindner et al,, 1993).

Unlike catecholamines, vasopressin does not directly increase
myocardial oxygen demand or have pro-arrhythmic effects. It
may also work synergistically with epinephrine through nitric
oxide modulation. However, vasopressin can cause intense
vasoconstriction in the splanchnic and renal vascular beds,
potentially reducing blood flow to abdominal organs and the
kidneys with prolonged use. The balance of these actions
during cardiac arrest remains under investigation (Lindner et
al, 1993).
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ANALOGY

The effects of vasopressin can be compared to a sprinkler
system in a lawn. The V1 receptors on blood vessels are like the
valves controlling water flow to different parts of the lawn. When
vasopressin binds to the V1 receptors, it is like turning down the
valves to areas like the digestive system and kidneys,
decreasing blood flow to those regions. But it turns up the valve
to the brain and heart, increasing blood flow to those vital
areas.

So in cardiac arrest, vasopressin causes the "sprinklers” to divert
blood flow away from the abdominal organs and redirect it to
the brain and heart. This improves perfusion pressure to vital
organs needed for resuscitation. However, if the vasopressin
"sprinkler system” stays on too long, it can over-constrict the
abdominal vessels, leading to ischemia. The goal is to turn on
the vasopressin
just long enough
to improve
perfusion to the
heart and brain
during CPR, but
not so long it
causes
abdominal
organ damage.
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DOSING AND ADMINISTRATION

The standard vasopressin dose for cardiac arrest is 40 units
intravenous bolus. This is based on early clinical trials (Lindner et
al, 1993; Lindner et al, 1995). Vasopressin has a rapid onset of
action, with effects observable within 2-5 minutes after
intravenous administration. Its duration of action of approximately
10-20 minutes. This is unlike catecholamines, which have a shorter
duration of effect (Lindner et al, 1993; Lindner et al.,, 1995). If return
of spontaneous circulation does not occur after the initial dose,
repeat vasopressin dosing can be considered during ongoing
resuscitation. However, there is limited evidence to support
repeated dosing. Vasopressin is available in concentrations of 20
units/mL or 200 units/mL. The 20 units/mL preparation is typically
used for vasopressin administration during ACLS.

WARNINGS, COMPATIBILITY ISSUES, AND ADVERSE EFFECTS

There are no absolute contraindications to vasopressin use in
cardiac arrest. However, use with caution in patients with severe
peripheral vascular disease or mesenteric ischemia, where intense
vasoconstriction can be detrimental ifROSC is achieved.

Adverse effects include tissue ischemia in peripheral, splanchnic,
and coronary vascular beds. Hyponatremia due to antidiuretic
effects is also possible. Anaphylaxis has been reported rarely.
Vasopressin is compatible with normal saline, D5W, and lactated
Ringer's solution. Incompatibility has been reported when mixed
with insulin preparations and dantrolene (Trissel’s, 2023).
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CLINICAL PEARLS

When considering integrating vasopressin into protocols, several
practical factors should be noted:

e Special storage conditions like refrigeration may be required.

e It may not be routinely stocked in crash carts, needing

additional planning to ensure immediate availability.

The cost is substantially higher than epinephrine. For example,
the average wholesale price of Vasopressin Injection 20
units/mL ranges from $27.60 - $189.66 per mL, compared to
only $10.80 per mL for a 1 mg/mL epinephrine injection
(Lexicomp, 2023)

Onset is rapid but duration is short (10-20 min), so repeat
dosing may be required for ongoing cardiac arrest.

Monitoring for ischemic complications in extremities,
splanchnic circulation, and coronary arteries is prudent.

GUIDELINES RECOMMENDATIONS

2020 ACLS Guidelines: (Panchal 2020)

e Vasopressin alone or in combination with epinephrine may be
considered in cardiac arrest but offers no advantage
compared to epinephrine.

o Class llb, LOE C-LD
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LITERATURE REVIEW: SUMMARY OF CLINICAL TRIALS

The literature on vasopressin in cardiac arrest management
presents a comprehensive view of its potential efficacy and
limitations. Starting with Lindner et al. (1995), conducted a case
series involving 8 patients and found that the administration of
vasopressin after failed epinephrine resulted in successful
defibrillation. In a randomized controlled trial (RCT) by Linder et al
(1997)., involving 40 patients, it was observed that vasopressin had
better 24-hour survival rates compared to epinephrine in out-of-
hospital ventricular fibrillation[Linder et al, 1997]. However, these
early positive results were not consistently replicated in
subsequent research. Stiell et al. (2001) conducted an RCT with 200
cardioc arrest patients comparing vasopressin 40 U to
epinephrine 1 mg. They found no significant differences in hospital
discharge, absolute increase in survival, 1-hour survival, or cerebral
performance category scores between the vasopressin and
epinephrine groups [Stiell et al, 2001]. Wenzel et al. (2004)
performed a larger RCT involving 1186 patients, also comparing
vasopressin 40 U to epinephrine 1 mg. Consistent with Stiell et al,
they found no significant differences overall in rates of hospital
admission between the vasopressin and epinephrine groups,
except for higher admission rates among patients with asystole in
the vasopressin arm [Wenzel et al, 2004]. Other studies explored
combining vasopressin with epinephrine rather than using it as a
replacement. Guyette et al, in a retrospective study, reported that
the addition of vasopressin to epinephrine resulted in greater
return of spontaneous circulation (ROSC) and survival to the
emergency department compared to epinephrine alone[Guyette
et al, 2004].
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Grmec and Mally conducted an observational study involving 109
patients and found that the combination of vasopressin and
epinephrine was associated with improved rates of ROSC and
hospital discharge in patients with myocardial infarction[Grmec
and Mally, 2006]. Ong et al. (2006) conducted an earlier RCT with
727 participants assessing vasopressin 40 |U versus epinephrine 1
mg. They reported no significant difference in survival to hospital
discharge between groups, but did observe more patients
surviving to hospital admission with vasopressin[Ong et al., 2006].
Mally et al. (2007) assessed the effects of epinephrine and
vasopressin on end-tidal carbon dioxide tension and mean
arterial blood pressure in out-of-hospital CPR, concluding that
vasopressin treatment improved restoration of spontaneous
circulation, short-term survival, and neurological outcome [Mally
et al, 2007].

Gueugniaud et al. conducted an RCT involving 2,894 patients and
found no statistical difference in ROSC, hospital discharge,
neurologic status, or 1-year survival between the vasopressin plus
epinephrine group and the epinephrine group[Gueugniaud et al,,
2008].

However, larger RCTs found less consistent results from the
combination approach. In a larger RCT by Mentzelopoulos et al,
involving 268 patients, the combination of vasopressin,
epinephrine, and methylprednisolone showed a superior effect on
ROSC and neurologically intact survival compared to epinephrine
olone[MentzeIopoqus et al, 2009]. Mukoyama et al,, in their RCT
with 336 participants, found no significant difference in ROSC, 24-
hour survival, or hospital discharge between vasopressin and
epinephrine groups[Mukoyama et al., 2009].
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Carrol et al, in an observational study with 29 participants, found
increased 24-hour survival in arginine vasopressin patients, but no
significant difference in return of spontaneous circulation, survival
to hospital discharge, or favorable neurologic status at
discharge[Carrol et al,, 2009]. Mukoyama et al. (2009) conducted
a randomized controlled trial comparing repeated doses of
vasopressin versus epinephrine in 336 out-of-hospital cardiac
arrest patients requiring prolonged CPR. Patients were randomized
to receive up to 4 doses of either 40lU vasopressin or 1mg
epinephrine after hospital arrival. The study found no significant
differences between the vasopressin and epinephrine groups in
rates of return of spontaneous circulation (ROSC) (28.7% vs 26.6%),
24-hour survival (16.9% vs 20.3%), or survival to hospital discharge
(5.6% vs 3.8%). Subgroup analyses showed higher ROSC rates with
vasopressin compared to epinephrine in witnessed arrests and
patients receiving bystander CPR. However, in regression modeling,
vasopressin administration was not an independent predictor of
ROSC. Overall, this randomized controlled trial demonstrated that
repeated vasopressin or epinephrine dosing during prolonged CPR
resulted in comparable outcomes. The findings suggest reduced
effectiveness of repeated vasopressin doses over time compared
to initial dosing, providing implications for vasopressor selection
and dosing protocols during prolonged resuscitation efforts
[Mukoyama et al,, 2009].

Finn et al. broadened the scope with their comprehensive meta-
analysis, incorporating data from 26 studies and a total of 21,704
participants. This extensive review revealed that while vasopressin
compared to standard dose epinephrine improved survival to
admission, it did not significantly impact the return of spontaneous
circulation (ROSC).  Additionally, combining epinephrine and
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vasopressin did not yield notable benefits in these outcomes.
Crucially, their findings also indicated that neither standard dose
epinephrine, high-dose epinephrine, vasopressin, nor their
combination enhanced survival with favorable neurological
outcomes, offering a broader perspective on the efficacy of these
treatments [Finn et al,, 2009].

Ducros et al. (2011) focused on whether adding vasopressin or a
combination of vasopressin and nitroglycerin to epinephrine would
improve outcomes. Their randomized trial, however, found no
significant increase in perfusion blood pressure when these
combinations were used compared to epinephrine alone [Ducros
et al, 2011]. Building on this, Callaway et al. conducted another
randomized controlled trial in 2012 involving 325 participants. This
study specifically examined the impact on return of spontaneous
circulation (ROSC) in the emergency department when
vasopressin was combined with epinephrine, compared to a
placebo plus epinephrine group. Consistent with the findings of
Ducros et al, Callaway et al. also reported no significant difference
in ROSC between the two groups, providing further evidence on the
limited additional benefit of vasopressin in such treatments
[Callaway et al,, 2012].

Continuing the exploration of vasopressin's role in cardiac arrest
treatment, Ong et al. (2012) contributed to this growing body of
research with their study. They compared vasopressin and
epinephrine in patients presenting to or in the emergency
department. Their findings indicated that while vasopressin did not
significantly improve long-term survival, it appeared to boost
survival to admission in cases of prolonged cardiac arrest [Ong et
al, 2012]. This nuanced understanding of vasopressin's efficacy
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was further expanded by Mentzelopoulos et al. (2013). In their
randomized clinical trial, they investigated the effects of a
combination treatment involving vasopressin, steroids, and
epinephrine. Their results were promising, showing an
improvement in survival to hospital discharge with favorable
neurological status, particularly among patients with cardiac
arrest who required vasopressors [Mentzelopoulos et al,, 2013].

Furthering this line of inquiry, Anderson et al. conducted an RCT
with 501 participants, focusing on the combination of vasopressin
and methylprednisolone. Their study, conducted in 2021, revealed a
significant finding: compared to a placebo, the administration of
vasopressin and methylprednisolone substantially increased the
likelihood of return of spontaneous circulation (ROSC), adding
another layer of evidence to the potential benefits of these
combined treatments in cardiac arrest scenarios [Anderson et al.,
2021].

In summary, the literature on vasopressin compared to
epinephrine in the treatment of cardiac arrest presents mixed
findings. Some studies suggest potential benefits of vasopressin in
terms of improved survival rates, ROSC, and neurologically intact
survival. However, other studies did not find significant differences
or observed conflicting results. The combination of vasopressin,
epinephrine, and methylprednisolone showed some promise in
achieving ROSC and neurologically intact survival. Further research
is needed to clarify the role of vasopressin in cardiac arrest
management and to better understand its potential benefits and
limitations.
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VASOPRESSIN LITERATURE REVIEW TABLE

Author, Year Study Design Intervention and Results
(n=) comparison
Lindner, 19895 Coase serias Vasoprassin after T succeassiul defibrillation
(n=8) failed epinephrine
Linder, 1997 RCT Vasoprassin vs T 24-hr survival with vasopressin
(n=40) epinephrine
Stiell, RCT Vasopressin vs Mo 1 in survival or outcomes
2001 (n=200) epinephrine
Wenzel, 2004 RCT Voasopressin va Mo T in hospital admission ovarall
(n=n188) epinephring
Guyatte 2004 085 (n=298) Vasoprassin + epi 1 ROSC and survival with vasoprassin
vg epi alone
Grmec, 2008 0Bs (n=109) vasoprassin + epi 1 ROSC and discharge with vasoprassin
vs api alona comba in M patients
Ong, 2008 RCT Vosoprassin ve Mo T discharge survival; T admission
(n=727) apinephring survival with vasopressin
Mally, 2007 OBS Vasopressin va T ROSC, survival, neurclogical outcorme
:n—,»gs) epinephrineg with vasopressin
Gueugniaud, RCT Vasoprassin + epi Mo T inoutcomes with vasoprassin
2008 (n=2884) vs epi alone combo
Mentzelopoulos, | RCT Vasopressin + epi + T ROSC and neurclogical survival with
2009 (n=268) steroids vs api alone combo
Mukoyama, RCT Vasoprassin vs No 1 in ROSC, 24-hr survival, or discharge
2008 (n=336) epinephring with vasopressin
Carrel, 2009 0BS (n=29) Vasoprassin + api T 24-hr survival with vasopressing no Tin
other outcomes
Finm, Meta- Vasopressin vs epi; T admission survival with vosopressin; no
2009 analysis/n=26 | Vasopressin + epi T in ROSC or neurclogical outcomes
studias combo
Dueros, 201 RCT Vagopressin + eplvs Mo 1 perfusion pressure with vasopressin
(n=48) epi alone comibeo
Callaway, 2012 RCT Vasopressin + epivs Mo 1 in ROSC with vasopressin combo
(n=3285) placebo + epi
Ong, 2012 RCT Vasoprassin ve Mo T lang-term survival; T admission
(n=B&8) epinephrine survival with vasopressin
Mentzelopoulos, RCT Vasopressin + epi + 1 hospital discharge survival and
2013 (n=2688) staroids neurslogical cutcames with combo
Anderson, 2021 RCT Vasoprassin + T ROSC with vasopressin combo
Ifn=501) methylprednizsalona vs
placebo

ACLS = advanced cardiopulmonary life support, OBS= Observational Study, RCT= Randomized Controlled Trial
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AREAS OF CONTROVERSY AND FUTURE RESEARCH

Comparative effectiveness: The comparative effectiveness of
vasopressin versus adrenaline (or epinephrine) remains a topic of
debate. While some studies suggest potential benefits of
vasopressin, such as improved survival rates or return of
spontaneous circulation (ROSC), others have not observed
significant differences. It is crucial to conduct more well-designed
randomized controlled trials (RCTs) with larger sample sizes to
establish a clearer understanding of the comparative
effectiveness of vasopressin in cardiac arrest.

Optimal dosing: The optimal dosing regimen for vasopressin in
cardiac arrest is still uncertain. Studies have utilized different doses
of vasopressin, ranging from 20 U to 40 IU, making it challenging to
determine the most effective and safe dosage. Further research is
needed to evaluate the dose-response relationship and identify
the optimal dosing regimen for vasopressin administration during
cardiac arrest.

Patient selection and subgroup analysis: The impact of patient
characteristics, such as the underlying rhythm, duration of arrest,
etiology of cardiac arrest, and comorbidities, on the effectiveness
of vasopressin is not fully understood. Subgroup analyses based
on these factors may help identify specific patient populations
that could benefit more from vasopressin  administration.
Additionally, investigating the use of vasopressin in specific
subsets of cardiac arrest, such as in-hospital cardiac arrest or
specific etiologies, may provide valuable insights.
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Long-term outcomes and neurologic function: The effects of
vasopressin on long-term outcomes, including neurologically
intact survival, neurocognitive function, and quality of life, need to
be explored further. Many studies have focused on short-term
outcomes, such as ROSC or survival to hospital admission, but
long-term outcomes are equally important in assessing the
overall benefit of vasopressin in cardiac arrest management.

Safety and adverse effects: While vasopressin appears to have a
favorable safety profile, further investigation is required to assess
potential adverse effects, such as cardiovascular complications or
organ damage, associated with its use. Additionally, studying the
interaction of vasopressin with other interventions or medications
commonly used during cardiac arrest resuscitation, such as
antiarrhythmic drugs or therapeutic hypothermia, is warranted.

In conclusion, further research is needed to address the areas of
controversy and knowledge gaps surrounding the use of
vasopressin in cardiac arrest. Conducting well-designed RCTs with
standardized protocols, larger sample sizes, and focus on long-
term outcomes will provide a more comprehensive understanding
of the role of vasopressin, optimal dosing, patient selection, and
potential adverse effects. This research will help guide evidence-
based recommendations for the use of vasopressin in improving
outcomes in patients experiencing cardiac arrest.
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