
NEUROLOGY OF SYSTEMIC DISEASES (J BILLER, SECTION EDITOR)

Systemic Complications Following Status Epilepticus

Maximiliano A. Hawkes1 & Sara E. Hocker1

Published online: 7 February 2018
# Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract
Purpose of Review Status epilepticus (SE) is a multisystem disorder. Initially, complications of a massive catecholamine release
followed by the side effects of medical therapies, impact patients’ outcomes. The aim of this article is to provide an updated
summary of the systemic complications following SE.
Recent Findings In recent years, the importance of the multifaceted nature of SE and its relationship with clinical outcomes has
been increasingly recognized. The cumulative systemic effects of prolonged seizures and their treatment contribute to morbidity
and mortality in this condition.
Summary Most systemic complications after SE are predictable. Anticipating their occurrence and respecting a number of simple
guidelines may improve the prognosis of these patients.
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Introduction

Status epilepticus (SE) encompasses a heterogeneous group of
disorders with various clinical presentations and etiologies. A
significant proportion of patients do not respond to first- and
second-line treatments and require more aggressive manage-
ment in the intensive care unit (ICU). Their prognosis depends
on the type of SE [1], refractoriness of seizures [2, 3], compli-
cations of medical care [4, 5], and maybe, use of anesthetic
drugs [6, 7, 8••, 9, 10]. While most early complications of SE
are a consequence of catecholaminergic release [11], sustained
muscle contraction, and mechanical injury, side effects of an-
tiseizure medications and prolonged immobility are major
contributors later on in the course of SE. Hence, optimal man-
agement of this condition relies on the anticipation of medical
complications and side effect of medical therapies.

Given the great heterogeneity of SE, we will focus this
review on the pathophysiologic basis, clinical presentation,
and prevention of the systemic complications of generalized
convulsive SE.

Physiologic Changes During Status
Epilepticus

Sustained convulsive SE causes profound physiologic de-
rangements which occur in order to compensate for a high
metabolic demand and which result in widespread systemic
consequences [11, 12]. Catecholamine release disturbs the
cardiovascular function by increasing the blood pressure,
heart rate, and cardiac output [13]. The pressures in the pul-
monary circulation and left atrium also rise, while the thresh-
old for cardiac arrhythmias decreases.

As a consequence of systemic hypertension, there is an
increase in the cerebral perfusion pressure. This, in combina-
tion with impaired cerebral autoregulation, leads to uncon-
trolled increases in cerebral blood flow and intracranial
pressure.

The hyperadrenergic state also causes hyperglycemia,
demargination of neutrophils, and hyperpyrexia, and these
are perpetuated by sustained muscle contraction.While hyper-
glycemia is usually transient and well tolerated, hyperpyrexia
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warrants aggressive medical intervention because it is associ-
ated with the release of proconvulsant cytokines, neuropatho-
logical sequelae, and increased mortality [14, 15•]. After ap-
proximately after 30 min of persistent seizures, compensatory
mechanisms are insufficient to maintain cellular homeostasis
and irreversible neuronal injury occurs [12].

Systemic Complications of Status Epilepticus

Metabolic Complications

Sustained muscle contraction depletes glycogen reserves,
shifting energy production from aerobic respiration to anaer-
obic glycolysis. The production of lactic acid increases lead-
ing to development of an anion-gap metabolic acidosis which
usually resolves without further interventions and is not asso-
ciated with life-threatening cardiac arrhythmias (especially
with pH greater than 7.2). Treatment with sodium bicarbonate
is therefore not warranted [16]. While metabolic acidosis has
been traditionally described as the main metabolic derange-
ment in SE, respiratory acidosis, due to the increased produc-
tion of carbon dioxide from seizures and decreased removal
from alveolar hypoventilation, is in fact the most common
metabolic imbalance [16].

Pulmonary Complications

Respiratory failure occurs in one third of SE episodes and is
associatedwith poor outcome [17•]. It can result frommultiple
factors including apnea, asynchronic diaphragmatic contrac-
tions, upper airway obstruction, aspiration of gastric contents,
mucous plugging, and neurocardiogenic pulmonary edema.
The administration of antiseizure medications may contribute
to respiratory depression; however, available randomized con-
trolled trial data indicate that underdosing of benzodiazepines
and consequent continued seizure activity is more likely to
lead to airway complications and hypoxemic respiratory fail-
ure than is an appropriate dose of benzodiazepine [18, 19].

Endotracheal intubation has been reported in 21% of patients
with SE, frequently in elderly patients or those with refractory
seizures. Intubation and late intubation are both associated with
worse mortality (3% and 14% respectively) [20•]. While the
increased mortality with late intubation highlights the need for
rapid recognition and treatment of the pulmonary complications
of SE, patients intubated late are more likely intubated for con-
trol of refractory SE with an anesthetic drug rather than for
respiratory failure. Thus, it is likely the refractoriness of the
seizures and a more severe underlying pathology impact mor-
tality and not the delay in intubation per se.

Up to one third of patients with SE develop neurocardiogenic
pulmonary edema [21]. It has also been found in 80 to 100% of
epileptic patients who die unexpectedly of seizures [22]. While

this complication usually presents within minutes to hours, de-
layed forms have been described 12 to 24 h after the initial
insult. Symptoms are present in the context of sympathetic ac-
tivation (fever, tachycardia, hypertension, and leukocytosis) and
usually resolve within 24 to 48 h of seizure control. Chest ra-
diograph will reveal bilateral infiltrates (Fig. 1) [23].

Four main theories have been proposed to explain the de-
velopment of neurocardiogenic pulmonary edema, each in-
volving an acute catecholaminergic surge [23].

1) Neurocardiogenic theory: the catecholaminergic surge
causes myocardial stunning and increases the pressures
on the left heart resulting in pulmonary edema.

2) Neurohemodynamic theory: a sudden increase in the sys-
temic vascular resistance produces a shift of blood to the
pulmonary circulation with fluid extravasation to the
alveoli.

3) Blast theory: the abrupt rise in the pulmonary pressure
causes barotrauma, disrupting the capillary walls, and
causing fluid to leak into the alveoli. This theory also
explains the exudative characteristic of the pulmonary
edema.

4) Pulmonary venule adrenergic hypersensitivity theory:
sympathetic surge directly stimulates α- and β-
adrenergic receptors in the pulmonary vascular bed in-
creasing the endothelial permeability causing pulmonary
edema regardless of any systemic changes.

While all these mechanisms may play a role at the
same time, understanding the degree of cardiogenic in-
volvement has clear therapeutic implications as explained
in the next section.

Fig. 1 Neurogenic pulmonary edema. Chest radiograph showing normal
size heart with bilateral alveolar opacities
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Cardiac Complications

Two thirds of patients with SE have markers of cardiac injury,
the presence of which are associated with poor outcomes [24].
A reversible myocardial stunning from hyperadrenergic stim-
ulation (also known as stress-induced or Takotsubo cardiomy-
opathy) is classically described after aneurysmal subarachnoid
hemorrhage [25] and may affect up to 50% of patients with SE
[26••]. These patients will present with hypotension, pulmo-
nary edema, a modest elevation of the cardiac troponin, and
less commonly cardiogenic shock. Characteristic echocardio-
graphic findings are reversible apical ballooning and reduced
left ventricular function. Nonetheless, atypical presentations do
occur and can include any combination of akinesis,
hypokinesis, or dyskinesis of the left ventricle extending be-
yond the territory of a single coronary distribution. Most of
these patients will respond to treatment with inotropes (dobu-
tamine or milrinone), while intraarterial balloon pump can be
considered for refractory cases [27, 28]. Autopsy studies have
shown subendocardial and myocyte contraction band necrosis,
a reflection of hyperadrenergic damage. This anatomic sub-
strate increases the susceptibility for cardiac arrhythmias [29].

Demand ischemia should be considered in patients with
pre-existent coronary artery disease. The use of cardio depres-
sant anesthetics drugs, as propofol or pentobarbital, can pre-
cipitate acute heart failure in patients with borderline cardiac
function and should be avoided. The most frequent cardiac
arrhythmias in patients with SE are sinus tachycardia
(65.7%), bradycardia (48.6%), and atrial fibrillation or flutter
(20.0%). Remarkably, life-threatening arrhythmias like ven-
tricular tachycardia or fibrillation (11.4%) and atrioventricular
block (2.9%) are not uncommon. The initial electrocardio-
gram shows T-wave inversion and nonspecific ST segment
changes in almost 40% of patients. ST segment elevation
and depression can be found in 11 and 6% of patients respec-
tively, and the QTc interval can be prolonged in one quarter of
patients [24].

Infectious Complications

Infections can complicate up to 50% of SE [5, 30•, 31]. They
are associated with a longer duration of SE, need for mechan-
ical ventilation, unfavorable hospital discharge disposition, and
poor recovery [30•]. The diagnosis of any infection at the onset
of the SE also increases the likelihood of progression to refrac-
tory SE, prolonged mechanical ventilation, longer ICU and
hospital stay, poor functional outcome, and death [32••].

The most common infectious complications are pneumonia
(10–50%), sepsis (7–10%), and urinary tract infections (5–
7%) [5, 17•, 30•, 33]. Aspiration of oropharyngeal and gastric
contents caused by a reduced level of consciousness, upper
airway weakness, recurrent seizures, and the sedative effect of
antiseizure medications may contribute to the high frequency

of pneumonia in this population. Prolonged sedation, invasive
ventilation with a weak cough, and recurrent mucus plugging
are additional risk factors for pneumonia development in pa-
tients with prolonged hospitalizations. The use of indwelling
urinary catheters, sometimes for weeks to months, increases
the risk for urinary tract infections.

Renal Complications

Rhabdomyolysis may complicate prolonged seizures.
Reddish-gold pigmented urine may be the first sign of rhab-
domyolysis. As the rise of serum creatine-phospho-kinase
(CPK) begins within 2 to 12 h following the muscular injury,
empiric hydration is warranted until the CPK plateaus.
Hyperkalemia, hyperphosphatemia, and hypocalcemia are ad-
ditional findings in patients with rhabdomyolysis, mostly in
those with severe acute kidney injury [34]. Hypovolemia
(from a high metabolic demand and the shift of fluid into
injured muscles) and acidosis also favor the precipitation of
myoglobin in the renal tubules.

Acute urate nephropathy, while rare, has been described in
patients with SE. Severe hyperuricemia may develop when
the nucleosides released by muscle cells are converted to uric
acid in the liver. Lactic acidosis, another frequent finding in
these patients, would further contribute by decreasing the tu-
bular secretion of urate [35]. Hyperuricemia can lead to acute
kidney injury by precipitation of uric acid crystals, renal va-
soconstriction, and direct microvascular injury [35].

Hematological Complications

Peripheral leukocytosis is a common finding in more than
60% of patients with SE. It may result from demargination
of neutrophils due to the physiologic stress of the seizures
when it occurs at presentation, or it may point towards either
an infectious cause of SE or a superimposed infection
resulting from aspiration. Given the possible co-existence
with infections, the threshold to screen for infections, includ-
ing a lumbar puncture, should be low. In general, a lumbar
puncture should be performed as soon as the etiology is not
defined after completion of a focused history, non-contrast
head CT scan, and basic laboratory evaluation, irrespective
of the presence or persistence of fever or leukocytosis.

Disseminated intravascular coagulation (DIC) is a rare
complication of SE, and data are limited to case reports and
case series. Hyperpyrexia resulting in endothelial damage
with activation of coagulation and fibrinolysis has been pro-
posed as the responsible mechanism [36]. DIC presents as
both hemorrhagic and thrombotic disorders. Thrombosis can
be venous or arterial, and hemorrhage includes any combina-
tion of ecchymosis, petechiae, oozing from mucosal surfaces
or intravenous lines and major bleeding from the gastrointes-
tinal, pulmonary, or central nervous systems. The diagnosis
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relies on a high level of suspicion, coagulation studies
(prolongation of the prothrombin and activated partial
thromboplastin times, hypofibrinogenemia, increased D-
dimer, anemia and thrombocytopenia) and a peripheral blood
smear (microangiopathic hemolytic anemia with schistocytes
and helmet cells). The mainstays for treatment are the correc-
tion of the underlying cause, in this case hyperpyrexia, and
supportive care. Platelets should be transfused to maintain a
count > 20 × 109/l and > 50 × 109/l if there is active bleeding.
Thromboprophylaxis with low-molecular weight heparin is
warranted unless there is active bleeding or the platelet count
is < 30 × 109/l [37].

Musculoskeletal Complications

Early identification of musculoskeletal complications of SE
may allow for proper consultation and treatment. Injuries to
the tongue and soft tissues of the mouth can be found in 20%
of patients with seizures [38]. Around 1% of patients hospi-
talized after seizures have fractures. One half of them can be
explained by trauma; the remainder likely occurs as a direct
result of the violent muscular contractions [39]. Skull, nasal
bones, and clavicle are the most frequent sites of traumatic
fractures. Non-traumatic fractures usually affect the proximal
humerus and femur and can be unilateral or bilateral, with or
without dislocation of the shoulder [40–42]. Shoulder dislo-
cations are typically posterior [43]. Vertebral compression
fractures, bilateral fibular fractures, and more rarely traumatic
arterial dissectionwith stroke have also been reported [44, 45].
As the clinical examination is often limited in this population
of patients who are frequently comatose or encephalopathic, a
high index of suspicion is needed to recognize and treat these
conditions.

When rhabdomyolysis is severe, compartment syn-
drome may develop after fluid resuscitation, due to shift
of fluid into the damaged muscle cells. When suspected, it
can be confirmed by measuring compartment pressures
because clinical findings such as pain, parenthesis, de-
creased sensation, and muscle weakness are difficult to
assess in comatose patients and may lead to a delay in
recognition and increased morbidity, including amputation
of the limb [46].

Complications of Medical Therapies

Complications resulting from treatment typically occur later in
the hospital course and can be divided into two broad catego-
ries: (1) adverse effects of the interventions used to treat SE
and (2) sequelae of critical illness, immunosuppression, and
prolonged immobilization.

Adverse Effects of SE Treatments

First- and Second-Line Antiepileptic Drugs

High doses of benzodiazepines are associated with sedation,
muscle relaxation, and both respiratory and cardiovascular
depression. However, doses exceeding those used for SE have
been demonstrated to be safe in human patients [47]. Indeed,
as discussed above, respiratory complications associated with
prolonged seizures are more prominent than those caused by
benzodiazepines [48, 49]. When benzodiazepines fail,
fosphenytoin and valproic acid are the preferred second line
options [50, 51].

Phenytoin is associated with severe hypotension, cardiac
arrhythmias, and serious infusion site reactions. Its prodrug,
fosphenytoin, lacks propylene glycol as a carrier allowing for
three to four times faster infusion rates and less side effects.
Hypotension does occur in 40% of patients during the infusion
of fosphenytoin, and the severity is rate and volume depen-
dent; thus, it typically responds well to a combination of
slowing the rate of infusion and fluid administration. Yet,
one half of these patients will require support with vasopres-
sors [28, 52]. The FDA recommendation for continuous car-
diac monitoring during and after fosphenytoin infusion is sup-
ported by the report of 29 serious cardiac events including
death, high-grade atrioventricular block, and transient sinus
arrest [53]. While it has been questioned [54], reports of seri-
ous toxicity continue to appear [55••].

Valproic acid is as effective as fosphenytoin for seizure
termination [51], with neither arrhythmogenic nor sedative
potent ia l [56] . The r isk of hepat ic toxici ty and
hyperammonemic encephalopathy are the main concerns with
this drug however in practice they are rare. Caution is also
advised in patients with active bleeding or a recent neurosur-
gical procedure due to theoretical risks of thrombocytopenia
and platelet dysfunction [57, 58].

In our experience, levetiracetam may be quite sedating at
the high doses required in SE but is otherwise well tolerated
and without early significant adverse effects.

Treatment-related adverse events with lacosamide may in-
clude mild to moderate dizziness and sedation. As lacosamide
targets sodium channels, serious cardiac side effects are a ma-
jor concern when high doses are administered rapidly, but they
are uncommon at the recommended doses and infusion rates
[59••, 60].

Third-Line Antiepileptic Drugs

Midazolam has a large volume of distribution and accumu-
lates in peripheral tissues, causing prolonged sedation if ad-
ministered over a long period of time. This is more pro-
nounced in elderly patients, patients with impaired hepatic
or renal function, obese patients, and those receiving
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CYP3A4 inhibitors. Tachyphylaxis necessitates higher doses
and increases the cumulative volume of intravenous fluid ad-
ministered to the patient (Table 1), limiting its prolonged use.

Propofol causes hypotension by peripheral vasodilation
and cardiac depression; hence, it should be used with caution
in patients with heart failure. The propofol infusion syndrome
(PRIS) causes lactic acidosis, rhabdomyolysis, lipemia,
hyperkalemia, renal failure, and rapid cardiovascular collapse.
The risk of PRIS is greater in young patients, with high doses
of propofol (> 80 μg/kg/min), treatment for more than 48 h,
and the concurrent use of vasopressors, steroids, or ketogenic
diet [61, 62]. For this reason propofol is often avoided alto-
gether in children. Although its incidence is low (around 1%),
its mortality is high at 30% [63, 64]. Management involves
immediate discontinuation of propofol, supportive care, and
initiation of continuous dialysis and extracorporal membrane
oxygenation if indicated [65].

Ketamine is more likely to cause hypertension and tachycar-
dia at therapeutic doses. While useful in patients with hypoten-
sion, caution is advised when used in patients with comorbid
cardiovascular disease. Hypotension and bradycardia have also
been reported. Idiosyncratic side effects include laryngospasm,
hypersalivation, and bronchorrhea. In a retrospective review
that included 58 patients with SE, ketamine, in combination
with additional anesthetics, terminated seizures in 30% of

cases. Four patients had treatment-related adverse events.
Two patients had supraventricular tachycardia and one atrial
fibrillation, and one patient had a syndrome similar to the
PRIS after 4 days of ketamine at high doses [66]. Like midazo-
lam, prolonged use of ketamine at the doses required for control
of SE can result in significant volume accumulation and may
require concentration of the drug (Table 1).

While highly effective, barbiturates are associated with pro-
found peripheral vasodilation leading to hypotension and distrib-
utive shock, usually requiring intravenous vasopressors. Severe
immunosuppression with a high risk of developing hospital ac-
quired infections can also be anticipated. Paralytic ileus occurs in
about 10% of patients and can be resistant to treatment.
Refractory ileus may lead to microvascular ischemia with bowel
perforation [67]. Severe angioedemawith airway obstruction has
also been reported and resolves upon discontinuation of the drug
[68]. Similar to midazolam and ketamine, continuous infusion of
pentobarbital results in administration of high volumes of fluid at
typical concentrations (Table 1) which frequently leads to the
development of pleural effusions and anasarca. With prolonged
use of high doses, patients can develop propylene glycol toxicity
due to the solvent in which both phenobarbital and pentobarbital
are mixed. In toxic levels, it causes high osmolality lactic
acidosis, progressive renal failure, cardiac dysfunction, central
nervous system depression, hypotension, and seizures. As

Table 1 Anesthetic drugs for treatment of refractory SE

Drug Mechanism Dose range Volume (ml)/24 hd

(concentration)
Side effects

Midazolam Enhance of GABAA
transmission

0.2 mg/kg load 0.1–2
mg/kg/h infusion

6720 ml (0.5 mg/ml)b

3360 ml (1 mg/ml)a

1680 ml (2 mg/ml)
672 ml (5 mg/ml)

Tachyphylaxis, accumulation
in renal insufficiency

Propofolc Enhance of GABAA
transmission, sodium
channel blockade

1–2 mg/kg load
2–12 mg/kg/h

infusion

2000 ml (10 mg/ml)a Propofol infusion syndrome,
cardiorespiratory depression,
bradyarrhythmia

Pentobarbital Potentiation of GABAA
transmission, AMPA
receptor blockade

5–15 mg/kg load
0.5–5 mg/kg/h

infusion

4200 ml (2 mg/ml)a

2100 ml (4 mg/ml)
1050 ml (8 mg/ml)

Significant accumulation,
cardiorespiratory depression,
paralytic ileus, infection,
megaloblastic anemia,
hepatotoxicity,
Stevens–Johnson syndrome

Ketamine NMDA receptor
antagonist

1.5–5.5 mg/kg load
2–7.5 mg/kg/h

infusion

12,600 ml (1 mg/ml)a, b

6300 ml (2 mg/ml)b

1260 ml (10 mg/ml)
252 ml (50 mg/ml)

Hypertension, cardiac
dysrhythmias,
anaphylaxis, laryngeal spasm,
pulmonary edema

Inhalational
anesthetic

Enhance GABAA

transmission
– – Cardiorespiratory depression,

infections, potentially neurotoxic
with prolonged use

GABA gamma-aminobutyric acid, NMDA N-methyl-D-aspartate receptor, AMPA α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
a Standard concentration at authors’ institution
b Recommended by manufacturer
c Caution doses over 5 mg/kg/h
dDaily infusion calculated for a theoretical body weight of 70 kg at maximum doses
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symptoms are non-specific and frequent in ICU patients, a high
index of suspicion and frequent measurement of osmolar gap are
needed for an early diagnosis. Patients with renal and hepatic
insufficiency are at higher risk of developing this complication
[69]. Osmolar gap has been shown to correlate well with propyl-
ene glycol levels, being > 10mmol/L suggestive of toxicity [70].
Treatment of propylene glycol toxicity consists of discontinuing
the offending agent, supportive treatment, and dialysis in severe
cases.

Data on the side effects of the inhalational halogenated
anesthetics (isoflurane and desflurane) is restricted to 46 pa-
tients (28 adults). The main reported complications are hypo-
tension needing vasopressors, infections, and ileus [71•].

Non-pharmacologic Therapies

Hypothermia has been used as an adjunct to pharmacologic
therapies in SE. Recently, the Hypothermia for Brain
Enhancement Recovery by Neuroprotec t ive and
Anticonvulsivant Action after Convulsive Status Epilepticus
(HYBERNATUS) trial found no benefit from hypothermia in
patients with SE, with a higher incidence aspiration pneumo-
nia (51 vs 45%) and ICU-acquired weakness, with a slightly
lower incidence serious adverse events in the hypothermia
group [72••]. It is unknown whether therapeutic normother-
mia, still believed to be important in nearly all acute neuro-
logic emergencies, has a similar adverse effect profile.

Fig. 2 Checklist for the
prevention and early detection of
systemic complications in SE
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Ketogenic diet has shown promising results in adults with
SRSE according to a recent phase II clinical trial [73••]. The
most common side effect was metabolic acidosis in almost
30% of patients. For this reason, close monitoring and aggres-
sive supplementation of bicarbonate is warranted. The risk of
acidosis may be higher when the diet is combined with
propofol administration and thus the combination should be
avoided [63]. Hypoglycemia, hyperlipidemia, constipation,
hyponatremia, and weight loss were also reported [73••]. In
our experience, a comprehensive review of all patients’ med-
ications and feeding formulas is needed to effectively achieve
ketosis. Since carbohydrate-containing medications are a
cause of treatment failure, they must be appropriately
replaced.

Complications of Prolonged Immobilization
and Critical Illness

Because patients with refractory and super refractory SE can
be immobilized for weeks to months, they are at increased risk
of developing deep venous thrombosis, pulmonary embolism,
skin breakdown, muscle atrophy, and ICU-acquired weakness
(neuropathy and/or myopathy). Immobility also predisposes
to recurrent mucus plugging with atelectasis (leading to re-
peated therapeutic bronchoscopies) and bacterial infections.
Patients who need mechanical ventilation have further risks
of ventilator associated pneumonia. Up to 30% of them will
require tracheostomy, often combined with percutaneous
gastrostomy tube placement due to ventilator dependence
and dysphagia [27]. The prolonged use of indwelling urinary
catheters is also associated with urinary tract infections.

Conclusions

Most systemic complications of SE can be anticipated and
many can be prevented. Understanding the physiologic
changes triggered by SE, following screening protocols de-
signed to prevent and detect medical complications early
(Fig. 2), and mastering the side effect profiles of antiseizure
drugs may reduce the mortality and improve the functional
outcomes for survivors.
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