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Central Extracorporeal Membrane Oxygenation Support 
Following Calcium Channel Blocker Overdose in Children
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Refractory vasodilatory shock (RVS) following massive cal-
cium channel blocker (CCB) overdose remains a challenging 
clinical entity. Peripheral venoarterial extracorporeal mem-
brane oxygenation (ECMO) has proven useful in several cases 
of CCB intoxication, however, its use in the pediatric popula-
tion poses unique challenges given the generally small size 
of pediatric peripheral vasculature in comparison to the high 
flow rates necessary for adequate mechanical circulatory sup-
port. As a result of these challenges, our group has adopted a 
“primary” central ECMO cannulation approach to the treat-
ment of children and adolescents admitted to our center with 
profound RVS after CCB ingestion. We present four cases 
within the last year using this approach. All patients were suc-
cessfully discharged from the hospital with no late morbid-
ity at most recent follow-up. Central ECMO support in cases 
of massive vasodilatory shock following CCB overdose is safe 
and effective and should be considered early in the clinical 
course of these critically ill patients. ASAIO Journal 2023; 
XX:XX–XX
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Nonaccidental massive ingestion of calcium channel 
blockers (CCBs) can lead to rapidly progressive hypotension, 
cardiac arrhythmias, refractory vasodilatory shock (RVS), and 
circulatory collapse. Given the rarity of nonaccidental CCB 
overdose in the pediatric population, the majority of recom-
mendations on treatment algorithms are extrapolated from 
adult literature and include mechanical ventilation, calcium 
infusion, high-dose insulin therapy, inotropes, vasopres-
sors, and intravenous lipid emulsion.1–3 However, a subset 
of patients progress to RVS despite conventional supportive 
therapy. While classical dogma cautions against the use of 

extracorporeal membrane oxygenation (ECMO) support in 
cases of primary vasodilation, several centers have reported 
the use of ECMO to treat RVS following CCB overdose with 
generally good results.4–6

Pediatric patients with RVS following CCB overdose pres-
ent a unique management challenge. These situations are 
characterized by a high cardiac output state given the pro-
found drug-induced vasodilation combined with massive 
doses of vasoactive medications to maintain end-organ per-
fusion pressure. For ECMO support to be advantageous in 
these clinical settings, supraphysiologic flow rates are essen-
tial to wean vasoactive support and improve perfusion of 
distal capillary beds. In the majority of pediatric patients, the 
peripheral vasculature is not large enough to accommodate 
ECMO cannulas that can support these supraphysiologic 
flow rates. Therefore, to place the largest possible ECMO 
cannulas that permit maximum flow rates, we have adopted 
a strategy of “primary” central ECMO cannulation for pediat-
ric patients following massive CCB overdose presenting with 
RVS.

Materials and Methods

Patient Selection

All patients were admitted through the Children’s of 
Alabama emergency department or transferred from other 
facilities to the pediatric intensive care unit at Children’s of 
Alabama. At the time of consultation, all patients were being 
supported with mechanical ventilation, calcium infusion, 
high-dose insulin therapy, and had escalating doses of vaso-
active drug infusions to maintain physiologic mean arterial 
pressure. Extracorporeal membrane oxygenation referral was 
left to the intensivist’s discretion but was generally informed 
by escalating vasoactive support in the setting of known CCB 
overdose and indications of end-organ hypoperfusion. Upon 
referral, each patient was evaluated by a multidisciplinary 
ECMO team to determine candidacy. Vasoactive-inotropic 
scores (VISs) were calculated for each patient according to the 
method used in Gaies et al.7

Central Extracorporeal Membrane Oxygenation Cannulation

Once candidacy for central ECMO was determined, all 
patients were taken to the cardiovascular operating room with 
cardiovascular anesthesia. Median sternotomy was performed 
and as little dissection as possible was carried out to prevent 
the presence of raw surfaces that could pose a bleeding risk. 
Arterial and venous cannula sizes were left to the discretion of 
the surgeon and guided by the size of the patient’s aorta, right 
atrium, and a goal ECMO flow index of greater than 3 L/min/
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m2. One hundred units per kilogram of heparin were adminis-
tered before placement of the cannulas in the ascending aorta 
and right atrial appendage. Temporary epicardial pacing wires 
were placed given the increased risk of junctional rhythm and 
complete heart block in CCB overdose. Following initiation of 
central ECMO support, the chest was left open and patients 
were transferred to the cardiovascular intensive care unit 
for ongoing support. Tunneling of the cannulas through the 
chest wall with chest closure would also be an appropriate 
maneuver which we have not yet employed in this patient 
population.

Extracorporeal Membrane Oxygenation Support Strategy

Extracorporeal membrane oxygenation was performed 
with Nautilus oxygenators (Medtronic, Minneapolis, MN) 
and Quantum centrifugal pump heads (Spectrum Medical, 
Fort Mill, SC). Anticoagulation was converted to bivalirudin 
in all patients with an activated partial thromboplastin time 
goal of 70–100 seconds, which has become our standard 
ECMO anticoagulation strategy.8 All circuits were monitored 
by an ECMO specialist continuously. All patients underwent 
slow continuous ultrafiltration, whereas on ECMO support 
for volume removal. Vasoactive support was weaned as toler-
ated over the course of the ECMO run, and a 1 hour clamp 
trial was carried out once vasoactive support was in a mild 
to moderate range. Assuming hemodynamics were appro-
priate with only modest vasoactive support and no lactate 
production, the patient was returned to the operating room 
for ECMO decannulation and chest closure. Upon medical 
clearance for discharge, all patients were transferred to an 
inpatient psychiatric unit until deemed stable for discharge 
from the psychiatry service.

Data Collection and Analysis

All data related to clinical presentation, symptoms, details 
of overdose medication, laboratory and hemodynamic vari-
ables at various points, ECMO cannulation and support 
details, patient survival, and details on morbidity associated 
with the index hospitalization and ECMO support course 
were collected from electronic medical records. No statisti-
cal analysis was performed due to the small cohort and the 
observational nature of our study. The study was approved by 
the Institutional Review Board of the University of Alabama 
at Birmingham and need for informed consent for study par-
ticipation was waived.

Results

Patient Demographics

All patients presented here were admitted to our intensive care 
unit between November 2022 and July 2023. Demographics 
are shown in Table 1. The majority of patients were female and 
presented with complaints including nausea, vomiting, abdom-
inal pain, and altered mental status. All patients had nonacci-
dental massive ingestion of CCBs. All cases except case 2 had 
an overdose with only one drug, whereas case 2 additionally 
ingested an unknown quantity of fluoxetine and mirtazapine. 
Determining specific dosage of ingestion was difficult in each 
case, but it is suspected that the three patients overdosing on 
amlodipine had ingested approximately 200–300 mg of the 
drug. We could not verify dosage of the various drugs taken by 
case 2. In cases 2–4, ECMO cannulation occurred quite rap-
idly following admission to our center due to rapidly escalating 
vasoactive drip requirements and lactic acidosis. In case 1, the 
presumptive diagnosis was septic shock until evidence of CCB 
overdose was found in the patient’s personal belongings. No 
patient underwent peripheral ECMO cannulation before being 
considered for central ECMO cannulation, and no patient expe-
rienced a cardiac arrest before ECMO cannulation.

Extracorporeal Membrane Oxygenation Initiation and Support

Details of ECMO support are shown in Table 2. All four patients 
had a rising lactate level and profoundly elevated VIS score at 
the time of ECMO cannulation (Figures  1 and 2). All patients 
were supported on high-dose epinephrine, norepinephrine, and 
vasopressin infusions at the time of cannulation. There were no 
complications associated with the ECMO cannulation procedure, 
and there were no circuit changes required during the duration of 
ECMO support. Additionally, there were no periods of concerning 
chest tube output or returns to the operating room for mediastinal 
bleeding during ECMO support. However, case 4 did require a 
return to the operating room to reposition the arterial cannula as 
she began to experience high arterial line pressures several days 
into her ECMO course. While on ECMO, case 2 experienced peri-
ods of complete heart block and junctional rhythm interspersed 
with normal sinus rhythm for which he required temporary pac-
ing via epicardial wires. We were able to achieve a cardiac index 
of greater than 3 L/min/m2 in all cases except case 3 who had 
a weight of 129 kg, body mass index (BMI) of 52.5 kg/m2, and a 
body surface area (BSA) of 2.38 m2. However, her calculated ideal 
body weight was 50 kg which would translate to a maximum car-
diac index on ECMO of 3.9 L/min/m2.

Table 1.  Patient Demographics

Variables Case 1 Case 2 Case 3 Case 4 

Age (years) 12 17 14 15
Sex Female Male Female Female
Weight (kg) 63 85 129 49
Body mass index (kg/m2) 28.3 30.4 52.5 20.1
Body surface area (m2) 1.67 1.93 2.38 1.48
Drug ingested Amlodipine Verapamil* Amlodipine Amlodipine
Admission to ECMO time (hours) 48 7 8 8

*Patient overdose also included fluoxetine and mirtazapine.

ECMO, extracorporeal membrane oxygenation.
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Patient Outcomes

All patients survived to hospital discharge and their clinical 
outcomes are seen in Table 3. There were no neurological, 
limb, or wound complications noted during admission. Case 
3 was treated for a course of tracheitis during her intensive 
care unit stay following ECMO decannulation and chest clo-
sure. Case 4 was treated for macrophage activation syndrome 
with anakinra following her ECMO decannulation. She also 
developed acute kidney injury that required continuous renal 
replacement therapy which was eventually weaned off with 
normal renal function. All patients were discharged from 
the medical unit to the inpatient psychiatric unit where they 
stayed for a duration of 6, 24, 74, and 10 days, respectively.

Discussion

Although rare, massive CCB overdose presents a true medi-
cal emergency that can result in RVS and rapidly impending 
circulatory collapse. Extracorporeal membrane oxygenation 
support has been shown to have reasonable outcomes for 
advanced CCB poisoning, mostly in the adult population. 

However, given the high ECMO flow rates required to sup-
port patients in a high output, vasodilated setting seen after 
such an overdose, peripheral ECMO use to support a pediatric 
patient suffering from a massive CCB ingestion is limited by the 
smaller size of peripheral access points in children and adoles-
cents. To overcome this challenge in the pediatric population, 
we have adopted a support strategy of primary central ECMO 
cannulation for patients admitted to our center suffering from 
RVS associated with massive CCB overdose. In this report, we 
present four cases over a 10 months time period with 100% 
survival and no long-term morbidity as a result of the index 
hospitalization.

This is not the first report of central ECMO use following 
CCB overdose. Several case reports have identified patients 
who underwent central ECMO cannulation, however, all 
were done following a cardiac arrest as part of resuscita-
tive measures or as a conversion once peripheral ECMO was 
determined to provide inadequate support.6,9,10 Although 
these patients survived, we believe once a patient reaches 
massive vasodilation, it is more advantageous to pursue 
“elective” central ECMO cannulation than waiting for a 

Table 2.  ECMO Support Variables

Variables Case 1 Case 2 Case 3 Case 4 

VIS at cannulation 175 242 90 75
Lactate at cannulation (mmol/L) 4.2 9.1 6.4 6.4
pH at cannulation 7.22 7.16 7.14 7.21
Arterial cannula 22 EOPA® 22 EOPA® 20 EOPA® 20 EOPA®
Venous cannula 36/46 Fr 36/46 Fr 29/37 Fr 29/37 Fr
Max ECMO flow (L/min) 6.57 6.05 5.86 5.3
Max cardiac index on ECMO (L/min/m2) 3.9 3.1 2.5 3.5
Duration of ECMO support (days) 6.8 4.0 7.1 8.9
Return to OR on ECMO No No No Yes

ECMO, extracorporeal membrane oxygenation; EOPA®, Elongated One-Piece Arterial Cannula; OR, operating room; VIS, vasoactive-
inotropic score.

Figure 1. Serum lactate level in pericannulation period (mmol/L). Prior/post denote before cannulation and postcannulation, respectively. 
ECMO, extracorporeal membrane oxygenation.
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peri-arrest situation, which dramatically increases morbidity 
and mortality.

Over the last decade, there has been renewed interest in 
supporting RVS due to sepsis with central ECMO in the pediat-
ric population. As the group from Australia notes, survival from 
peripheral ECMO support for children suffering from RVS was 
less than 50%. With their adaptation of primary central ECMO 
in this population, they achieved a hospital discharge rate of 
74%.11 Likewise, the group from Houston reported a hospital 
discharge rate of 66% in centrally cannulated pediatric patients 
suffering from septic shock.12 Undoubtedly, RVS from sepsis is 
not the same as RVS from CCB overdose. However, we would 
argue the entity seen following CCB toxicity is, in fact, a model 
condition for which central ECMO can be most advantageous 
as it is a rapidly progressive and rapidly (generally <7 days) 
reversible process that requires very high flow rates which are 
unachievable even with the largest peripheral ECMO cannulas 
in adult patients.

Once a patient reaches the need for ECMO support follow-
ing CCB ingestion, an important risk versus benefit analysis 
should ensue in considering central cannulation. Benefits 
include dramatically higher flow rates, more rapid weaning 
of high-dose vasoactive drips (confers protection to distal 
capillary beds), and avoidance of the peripheral vasculature 
to prevent neurologic (neck) or limb (groin) complications. 
The downsides of central cannulation are a period of open 

chest requirement and the risk of mediastinal reexploration 
for bleeding. Our patients suffered no important morbidity 
other than a sternal scar. In our experience, the benefits of 
central cannulation outweighed the risks in the case of CCB 
overdoses.

There are certainly limitations to our study. This is a single 
center case series that reflects the treatment biases of our inten-
sivists, toxicologists, and surgeons. Perhaps the biggest limita-
tion is our uncertainty of what would have happened to these 
patients if they were not placed on ECMO and thus may rep-
resent a survival bias. Additionally, one might question what 
would have happened if they had been placed on peripheral 
ECMO first instead of proceeding directly to primary central 
ECMO cannulation.

In conclusion, we have presented four patients who were 
successfully treated for profound RVS with the use of primary 
central venoarterial ECMO cannulation. Given these suc-
cesses, our center has functionally adopted a “call for central 
ECMO” into the algorithm for treatment of massive CCB over-
dose at our children’s hospital. While these events remain rare, 
the incidence sadly seems to be increasing as all four of these 
patients were treated within the last year. Clearly every patient 
with CCB overdose does not need ECMO support, but in those 
who do demonstrate profound RVS and worsening acidosis, 
primary central ECMO support affords excellent survival with 
low rates of morbidity.

Figure 2. Vasoactive-inotropic score in pericannulation period. Post denotes postcannulation.

Table 3.  Outcomes

Variables Case 1 Case 2 Case 3 Case 4 

Survival to discharge Yes Yes Yes Yes
Duration of intubation (days) 5 11 10 26
Hospital length of stay (days) 20 29 102 58
Discharge disposition Home Home Home Home
Need for CRRT after ECMO No No No Yes
Neurological complications No No No No
Limb complication No No No No
Sternal wound complication No No No No

CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation.
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