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emodynamic emergencies related to interven-
tional procedures are fairly rare; however, clini-
cians should be mindful of the early signs and
symptoms and take steps toward appropriate
management to reduce significant patient morbidity and
mortality. This article focuses on four key hemodynamic
emergencies that can occur in interventional practice—
septic shock, hypertensive crisis during adrenal ablation,
carcinoid crisis, and local anesthetic systemic toxicity
(LAST)—and for each condition discusses risk factors,
procedural management, and postprocedural care.

SEPTIC SHOCK

Sepsis is a systemic response to infection, with severe
sepsis associated with organ dysfunction and septic shock
associated with refractory hypotension or perfusion abnor-
mality." Although drainage of an abscess is a commonly
requested procedure, the incidence of periprocedural
sepsis is generally rare. An exception is when highly vas-
cularized organs are involved, and therefore interventions
in the urinary and biliary system carry a higher risk of
periprocedural sepsis, with a baseline incidence ranging
between 1% and 3%.!

Risk Factors

In urinary interventions, the most important risk factor
in periprocedural sepsis is an already infected system. The
incidence of urosepsis increases threefold to 7% to 9% in
pyonephrosis as compared with noninfected collecting sys-
tems.23 Additional risk factors include advanced age, diabe-
tes, ureterointestinal conduits, and indwelling catheters.* In
biliary interventions, ascending infection is the key patho-
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genesis pathway; thus, patients with recent biliary interven-
tion and biliary modification are at highest risk.”

Procedural factors are also important to consider.
Excess pressure in the collecting or biliary system increases
bacterial translocation into the vasculature; therefore,
overdistension with contrast, excessive catheter or guide-
wire manipulation, and multiple needle passes should be
avoided.? It is often helpful to aspirate infected bile or urine
before contrast injection.®

To minimize risk, preprocedural antibiotics are routinely
recommended. Gram-negative organisms are the most
important organisms to cover for both biliary and urinary
intervention, with 1 to 2 g ceftriaxone administered intrave-
nously (IV) as a common first-choice antibiotic.®

Management

If a patient develops sepsis despite best practice precau-
tions, the first step in management is quickly recognizing
the signs and symptoms. Early signs include chills, rigors,
and fever > 100.4 °F (38 °C). Severe signs include tachy-
cardia (> 90 bpm), hypotension (< 90 mm Hg or drop by
40 mm Hg below baseline systolic pressure), and increased
respiratory rate." In biliary sepsis, patients classically pres-
ent with fever, right upper quadrant pain, and jaundice
(Charcot triad) or additionally altered mental status and
hypotension (Reynold pentad).®

Often, transfer from the interventional radiology depart-
ment to the critical care team is warranted, and therefore
consultation should be prompt.” Until care is transferred,
the role in the interventional suite is to stabilize the patient
and prevent further compromise.! An additional dose of
a broader-spectrum antibiotic can be considered, such as



3.375 g piperacillin-tazobactam IV. The severity of rigors
can be addressed with 25 to 50 mg meperidine IV.> Volume
resuscitation with 500 to 1,000 mL of crystalloid solution
(eg 0.9% sodium chloride, lactated Ringer solution) is a
reasonable first supportive measure, with additional fluid
boluses as required.! Because sepsis drives both a capillary
leak and vasodilatory response, hypotension refractory to
fluid resuscitation may occur. At this point, the addition
of an arterial vasoconstrictor may be required; but typi-
cally, care will have been transferred to a higher acuity, and
therefore specific vasoconstrictor regimens are not dis-
cussed in this review.

Finally, after care has been transferred to the critical care
team, it should be noted that interventionalists may be
called on for central venous access or arterial access if addi-
tional resuscitation efforts are required.’

HYPERTENSIVE CRISIS DURING ADRENAL
ABLATION

Percutaneous adrenal ablation is a recognized alterna-
tive to operative management for both primary adrenal
lesions and metastases.® The decision to perform abla-
tion as opposed to more traditional surgical approaches
most commonly relates to comorbid medical conditions,
tumors that are not surgically resectable, and patient
preference® Either operative management or ablation pre-
disposes these patients to large fluctuations in blood pres-
sure, and physicians must be prepared for life-threatening
hemodynamic instability.

Risk Factors

Hypertensive crisis during ablation is secondary to sys-
temic catecholamine release.’ There is an increased relative
risk of hypertensive crisis during ablation of functional
adrenal tumors (eg, pheochromocytoma); however, it can
occur with ablation of any lesion, including metastases.®'%!!
Other risk factors for hypertensive crisis during ablation
include patient body mass index < 24 kg/m?, dominant
tumor size < 4.5 cm, visualization of normal adrenal paren-
chyma adjacent to the lesion, and preprocedural blood
pressure > 130 mm Hg.'*"

Hypertensive crisis is generally classified as blood
pressure > 180/110 mm Hg, with or without associated
end-organ dysfunction.®'> Complications of uncontrolled
hypertension can be neurologic (cerebral infarct, encepha-
lopathy, intracranial hemorrhage), cardiac (ventricular fail-
ure, ischemia, arrythmias), renal (acute renal impairment),
and vascular (acute dissection), among others."

Preoperative Management
Adrenal ablation procedures should include a mul-
tidisciplinary team of interventional radiologists, sur-

VASCULAR EMERGENCIES

geons, endocrinologists, and oncologists with a consensus
agreement on the approach to management.’'

The role of percutaneous biopsy prior to performing
an ablation is a source of debate. When the diagnosis
is confidently made on the basis of clinical history,
biochemical markers, and imaging findings, an initial
biopsy can be avoided.”

Consultation with endocrinology in the weeks before
the ablation is recommended, with consideration given to
premedication with B-blockade with or without additional
B-blockade®™" Typical regimens involve premedication
with phenoxybenzamine for 7 to 21 days prior with
titration of B-blockers to effect®'*"> A preablation blood
pressure of < 120/80 mm Hg has been described.’ '

Intraoperative Management

Preprocedural discussion with the anesthesiologist
regarding the possibility of hypertensive crisis during the
procedure is required. Continuous arterial blood pressure
monitoring is recommended.”" The need for central
venous access and postprocedural monitoring or intensive
care unit (ICU) admission should be discussed.

During the procedure, communication with the anes-
thesiologist is required before any procedural manipula-
tion that may stimulate catecholamine release, including
the initial probe insertion, probe position adjustment, and
application of thermal energy.

Despite optimal premedication prior to the proce-
dure, hypertensive crises can still develop during abla-
tion regardless of the nature of the lesion or method
of ablation.2'%"" The management of intraprocedural
hypertensive crisis is complex and dependent on
patient factors and the anesthesiologist’s preference.’
Options for management include deepening of anes-
thesia, direct vasodilation with magnesium sulfate or
nitrates, or further targeted arterial blood pressure
management using d- or 3-blockade or nicardipine.’

Postoperative Management

Postprocedural observation in either an ICU or high-
dependency setting to allow for continual arterial blood
pressure monitoring is recommended. Further hemody-
namic instability can occur in the postoperative period,
and hyper- and hypotensive crises have been observed.”> "

CARCINOID CRISIS

Carcinoid crisis is a rare but significant complication
occasionally seen in patients presenting with carci-
noid tumors. The mechanism behind carcinoid crisis
is presumed to be due to massive release of vasoactive
peptides from the tumor.'® Carcinoid crisis can mani-
fest with profound hypo- or hypertension, flushing,

VOL.20, NO.1T JANUARY 2021 ENDOVASCULAR TODAY 57



VASCULAR EMERGENCIES

diarrhea, hyperthermia, tachycardia, bronchospasm,
and alterations of mental status.” Even patients with-
out any preoperative symptoms may develop profound
carcinoid crisis intraoperatively.'®

Risk Factors

Patients with neuroendocrine tumors, particularly of the
carcinoid variant, have a predisposition to intraprocedural
carcinoid crisis."” Inciting events that stimulate the release
of vasoactive peptides include anxiety, surgical manipula-
tion, general anesthesia, embolization, thermal ablation,
or biopsy."” Given the lack of association between preex-
isting symptoms and severity of carcinoid crisis, octreo-
tide prophylaxis is recommended for all patients with
neuroendocrine tumors.

Preoperative Management

Current evidence recommends octreotide prophy-
laxis for 2 weeks preprocedure (100 pg daily), followed
by an additional 100 pg at the time of induction.?
Optimization of hydration status and management of
anxiety contributes to lower complication rates.™

Intraoperative Management

Anesthesia technique should focus on minimizing
the chance of acute release of mediators through stress
reduction.” Octreotide infusion (50 pg/hour) has been
suggested prophylactically to prevent carcinoid crisis in
patients with advanced carcinoid tumors.” Octreotide
has been demonstrated to effectively stabilize blood
pressure and is therefore considered first-line manage-
ment for these patients.?’

In patients presenting with uncontrollable hyper-
tension, short-acting -blockers are recommended if
blood pressure is resistant to octreotide or if octreotide
is not immediately available.”? 5-HT antagonists, such
as ketanserin, have also been used to control acute
hypertensive crisis.?>*4

Postoperative Management

The symptoms of carcinoid crisis may not resolve imme-
diately after the procedure and may persist beyond the
acute recovery phase. For this reason, close hemodynamic
monitoring in a high-dependency setting is recommended.
Weaning of intravenous octreotide over 2 to 3 hours has
provided safe and stable outcomes."”

LOCAL ANESTHETIC SYSTEMIC TOXICITY
Although rare, LAST may be associated with signifi-
cant patient morbidity and mortality. With broader
interest and use of regional anesthetic techniques dur-
ing endovascular procedures, the likelihood of encoun-
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TABLE 1. SAFE DOSAGE LEVELS OF LOCAL ANESTHETICS

Agent Maximum Dose (mg/kg)
Lidocaine 3

Lidocaine with adrenaline 6

Bupivacaine 2

Bupivacaine with adrenaline 25

Ropivicaine 3

Ropivicaine with adrenaline 4

tering this condition is increasing.? Clinician aware-
ness of the early signs and symptoms along with the
initiation of prompt treatment can drastically improve
patient outcomes.?>?¢

Risk Factors

Systemic toxicity from local anesthesia can either
occur by overdosage or inadvertent intravascular injec-
tion, with the latter widely recognized as the more
common cause.”’ Table 1 lists the safe dosage levels
of local anesthetics.?® Patient factors for the develop-
ment of LAST include extremes of age (young, elderly),
pregnancy, renal disease, cardiac disease, and hepatic
dysfunction.?

A number of strategies have been proposed to
reduce the risk of LAST, including the use of ultrasound
during local anesthetic infiltration, incremental local
anesthesia injection and aspiration, the use of less toxic
forms of local anesthesia, and the use of the lowest
effective dose.>?’

Management

Systemic toxicity results in characteristic neurologic
and cardiovascular signs and symptoms. The neurologic
symptoms of LAST are classically sequential, begin-
ning with perioral tingling, tinnitus, and slurred speech
and progressing to confusion, agitation, and ultimately
generalized convulsions and respiratory depression.?>?
These early warning signs may be masked by the use of
procedural sedation or anesthesia.

The earliest cardiovascular sign of LAST is hyper-
tension and tachycardia, which later progresses to
myocardial depression and hypotension. If untreated,
peripheral vasodilation, profound hypotension, conduc-
tion blocks, and potentially malignant arrhythmias can
develop.?® Given the range of symptoms, any abnormal
neurologic or cardiovascular signs that develop during
or after the administration of local anesthetic must trig-
ger the clinician to consider systemic toxicity.

Immediate management involves immediately stop-
ping injection of local anesthetic (if applicable) and



calling for help. The remainder of the management has
three components.

1. Prompt administration of lipid emulsion. The
literature describes a number of successful adult
and pediatric resuscitations using intralipid 20%,
which have led to widespread incorporation of
intralipid into LAST resuscitation algorithms.?>%”%?
Because intralipid is associated with few side
effects or complication, it is recommended that
intralipid be administered early. Intralipid 20% is
administered intravenously with an initial bolus
administration (1.5 mL/kg based on lean body
mass) over 1 minute, followed by a continuous
infusion of (0.25 mL/kg/min based on lean body
mass) and should be continued for at least 10 min-
utes after the return of hemodynamic stability. If
hemodynamic stability is not achieved, a further
two boluses of intralipid 20% (1.5 mL/kg), followed
by an increased infusion dosage (0.5 mL/kg/min)
should be considered.

2. Advanced cardiac life support. The advanced
cardiac life support algorithm differs from the
standard protocols, with lower doses of epineph-
rine and avoidance of B-blockers, calcium chan-
nel blockers, and local anesthetics to avoid the
development of malignant arrhythmias.2® A focus
on early oxygenation and adequate ventilation is
critical, as hypoxia and acidosis worsen the cardiac
toxicity of LAST.2>? Prolonged resuscitative mea-
sures have been associated with good outcomes
when high-quality cardiopulmonary resuscitation
is provided throughout.?® For this reason, early dis-
cussion with ICU to consider extracorporeal mem-
brane oxygenation treatment is advised.3"*

3. Seizure management. In the event of seizure activ-
ity, the first priority is to maintain a secure airway
and then consider medications for seizure cessation.
Most LAST algorithms use benzodiazepines for sei-
zure management.

Postoperative Management

Postevent monitoring is recommended for all patients
who have displayed symptoms of LAST. Patients with
isolated and rapidly terminating minor central nervous
system signs should be monitored for at least 2 hours,
and patients with cerebrovascular system symptoms of
LAST should be monitored for at least 6 hours.>?

CONCLUSION

Each of the presented conditions is relatively rare
in day-to-day practice, but the potential for hemody-
namic emergency that each of these conditions pose
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is significant. Knowledge of each condition, careful
preprocedural management, anticipation of what
may occur during a procedure, prompt management,
and appropriate postprocedural care will significantly
reduce patient morbidity and mortality. m
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