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Case report: Successful
extracorporeal cardiopulmonary
resuscitation despite severe
metabolic acidosis after
refractory out-of-hospital
cardiac arrest

Loreta Kavaliukaite*, Anca-Isabela Diaconescu*, Doris Eis and

Ksenija Slankamenac

Department of Emergency Medicine, University Hospital of Zurich, Zürich, Switzerland

Current guidelines suggest considering extracorporeal cardiopulmonary

resuscitation (ECPR) in refractory cardiac arrest and provide some guidance for

favorable prognostic factors. However, inclusion and exclusion criteria are not

strictly defined. We describe a 60-year-old male who underwent extracorporeal

life support (ECLS) following refractory out-of-hospital cardiac arrest and made

a full neurological recovery despite severe metabolic derangements, including a

pH of 6.6 and lactate of 29mmol/l. The aim is to present a favorable neurological

outcome after ECPR despite severe significant physiologic derangements and

put relative contraindications for ECPR into perspective.
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1 Introduction

The use of extracorporeal cardiopulmonary resuscitation (ECPR) increased globally,

and the European Resuscitation Council Guidelines suggest considering it as a

rescue therapy. It involves rapid deployment of veno-arterial extracorporeal membrane

oxygenation (VA-ECMO) to provide circulatory support in order to achieve sustained

return of spontaneous circulation (ROSC) when conventional CPR is unsuccessful (1, 2).

Nevertheless, its benefit on survival and favorable neurological outcomes following out-of-

hospital cardiac arrest is yet to be demonstrated in clinical trials (3). Studies comparing

ECPR to conventional CPR show conflicting results (4–6). In the absence of randomized

controlled trials, current guidelines do not define absolute indications, contraindications

or standardized algorithms, rendering clinical decision making for ECPR in an emergency

situation highly challenging (7, 8).

We report a case of a 60-year-old male with full neurological recovery despite severe

metabolic disturbances with an initial pH of 6.6 and a lactate of 29 mmol/l following

out-of-hospital cardiac arrest due to an ST-elevation myocardial infarction (STEMI)

and subsequent ventricular fibrillation, who underwent prolonged CPR and eventually,

extracorporeal life support (ECLS). The aim is to present a favorable neurological

outcome after ECPR despite severe significant physiologic derangements and put relative

contraindications for ECPR into perspective.
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2 Case report

After finishing his cardiovascular workout, a 60-year-old male

experienced sudden sharp chest pain and called an ambulance. He

reported no similar episodes in the past and no relevant medical

history. An initial electrocardiogram (ECG) done by paramedics

showed an ST-segment elevation in the anterior leads consistent

with myocardial infarction. A loading dose of oral acetylsalicylic

acid 250mg and intravenous unfractionated heparin 5,000 units

FIGURE 1

ECG obtained during a brief period of ROSC after arrival in our emergency department.

were administered. Additionally, a few minutes later, the patient

lost consciousness and became hemodynamically unstable with no

palpable pulse. The paramedics on the site started cardiopulmonary

resuscitation immediately. Due to recurrent ventricular fibrillation,

defibrillation with 200 Joules was performed three times, and

a cumulative dose of 2mg epinephrine was administrated

intravenously according to the Advanced Cardiac Life Support

algorithm before reaching our emergency department where

handoff was done between the paramedics and the emergency
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FIGURE 2

Left: coronary angiography before stenting showing a 70% distal stenosis of the left main coronary artery (LMCA) (blue arrows) and a 70% stenosis of

the left anterior descending artery (LAD). Right: coronary angiography after stenting.

FIGURE 3

The cranial MRI demonstrated a small left frontal linear subacute

infarction (arrow).

medicine, anesthesiology, cardiology, and cardiac surgery teams.

Following handoff, endotracheal intubation was performed. Based

on the very good prognostic factors being the STEMI as a reversible

cause of the witnessed cardiac arrest, no-flow time of 0min,

the absence of any relevant comorbidities, as well as ventricular

fibrillation refractory to conventional ACLS, a multidisciplinary

decision was made to initiate ECLS immediately after the handoff.

During CPR the patient showed some “signs of life” such as gasps

and small uncoordinated movements of the upper extremities.

After admission, an ECG obtained during a brief period of ROSC

demonstrated an accelerated idioventricular rhythm with a heart

rate of 50/min and absent P waves, QRS complexes > 120

milliseconds (Figure 1).

During percutaneous cannulation using the Seldinger

technique for the Vf-Af ECMO device (right femoral vein and left

common femoral artery with distal perfusion cannula), mechanical

resuscitation was continued reaching a total time of approximately

60min before commencing Vf-Af ECMO. It included a brief

ROSC after 45min and 10 defibrillations with 200 Joules as

well as intravenous administration of 8 x 1mg epinephrine and

cumulative 450mg amiodarone. Moreover, there was no need for

further vasopressor therapy. The first arterial blood gas analysis

(ABL825 Flex) obtained from the left femoral artery immediately

after cannulation and shortly before starting Vf-Af ECMO revealed

severe metabolic acidosis with a pH of 6.6 and a lactate level

of 29 mmol/l, therefore 100mL of sodium bicarbonate 8.4%

were administered intravenously. Despite this severe metabolic

derangement, we agreed to proceed with the ECLS because of good

prognostic factors and we did not use the low pH and high lactate

in the decision-making process.

After initiating Vf-Af ECMO the patient was taken directly

to coronary angiography, which showed 70% stenosis of the left

main coronary artery (LMCA) and 70% stenosis of the left anterior

descending artery (LAD) (Figure 2) because of a ruptured plaque

and thrombosis, which were successfully treated by thrombus

aspiration and implantation of a drug-eluting stent displaying a

prompt thrombolysis in myocardial infarction (TIMI) 3-flow and

a low ejection fraction of 20% in the ventriculography.

Standard dual antiplatelet therapy was initiated. After the

intervention, the patient was transferred to the intensive care

unit where targeted temperature management (TTM) was applied

for 72 h as part of post-resuscitation care. As a documented

complication of the Vf-Af ECMO therapy, there was prolonged

bleeding at the cannula insertion site, which extended into the right

proximal thigh and right scrotum, which ceased spontaneously

without intervention. Trans-thoracic echocardiography 72 h after

the event showed an improvement of the left ventricular ejection

fraction to 40% and the patient was weaned from Vf-Af ECMO.

On the fourth day after cardiac arrest, the patient was extubated
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FIGURE 4

The timeline of the case.

successfully. On day seven, apart from mild memory impairment,

reflected in the Rapid Evaluation of Cognitive Function (ERFC)

test, used for neuropsychological impairment screening, no other

deficits were detected (48/50 points). Ten days after cardiac arrest,

cranial Magnetic Resonance Imaging (cMRI) showed a small linear

subacute infarction of the left frontal lobe (Figure 3), but was

otherwise unremarkable. After 17 days of admission, the patient

was discharged and completed 3 weeks in a cardiac rehabilitation

clinic. He was able to return to his normal daily activities without

any impairments. The case timeline is presented in Figure 4.

3 Discussion

One major challenge of cardiac arrest is to initially identify

those who would benefit from ECPR with favorable neurological

outcomes and avoid bridging patients with no predicted benefits

or poor prognosis to nowhere. The current literature is conflicting;

a systematic review and meta-analysis by Ouweneel et al. showed

that ECLS was associated with better survival rates as well as better

neurological outcomes in the setting of refractory cardiac arrest (9),

although more recent studies found no superiority in comparison

to conventional CPR (4–6, 10), possibly due to inconsistent

inclusion and exclusion criteria. Current recommendations suggest

locally determined inclusion criteria, and list as examples age

<70 years, witnessed cardiac arrest, an initial shockable rhythm

or pulseless electrical activity, a no-flow time <5min, a low-flow

time <60min, consistent high-quality CPR, intermittent ROSC,

and the presence of a reversible cause of the cardiac arrest (e.g.,

myocardial infarction). Suggested exclusion criteria are age over 70

years, non-observed cardiac arrest, no-flow time more than 10min,

signs of poor neurological prognosis, comorbidities reducing life

expectancy, prolonged CPR, known DNR status, severe aortic valve

incompetence, contraindications to full anticoagulation, and pH<

6.8 or high lactate> 20mmol/L (8, 11). In clinical practice, decision

making regarding initiation of ECLS is usually accompanied by

incomplete clinical information and ambiguous guidelines. For a

long time, severe metabolic disturbances were believed to be not

compatible with life. Brunet et al. showed that no patient with

an arterial pH <6.95 survived a cardiac arrest regardless of the

cause (12). In a study by Shin et al., no patient with pH < 6.8

had favorable neurological outcomes after out-of-hospital cardiac

arrest (13). Furthermore, corresponding to our case, we found

more recent reports demonstrating favorable neurological ECLS

outcome despite severe metabolic acidosis after cardiac arrest due

to drowning or ethylene glycol poisoning (14, 15). These two

examples and our case report share rapid decision making in favor

of ECLS initiation as well as a reversible cause of cardiovascular

system compromise. This suggests the etiology of arrest may be

of higher relevance than metabolic disturbances when deciding

for ECLS. Some studies demonstrate better neurological outcomes

when combining TTM with ECPR, which, in concordance with

immediate CPR, may have also contributed to the favorable

outcome in our patient (16, 17).

Our case fulfilled the inclusion ECLS criteria of age, witnessed

cardiac arrest due to a treatable cause, and no known comorbidities.

As CPR was immediately initiated, a no-flow time <5min was

also achieved. Though, the favorable neurological outcome of our

patient is remarkable despite the severe metabolic acidosis (pH

6.6, lactate 29 mmol/l). Hyperlactatemia representing anaerobic

metabolism during resuscitation is considered a strong predictive

factor for poor neurological outcome, as brain tissue is highly

vulnerable to hypoxia (18). Notwithstanding severe metabolic

disturbance, our patient showed “signs of life” during resuscitation,

which in contrary suggest at least some brain perfusion, known

to strongly correlate with survival (19). This discordance between

laboratory results and clinical presentation of the patient shows that

thresholds for certain criteria like metabolic acidosis may be too

restrictive, considering that if current ECLS exclusion criteria were

to have been followed, this patient may have been excluded given

the pH and lactate values.

4 Conclusion

This case report highlights the importance of patient-

centered decision making and challenges metabolic acidosis

as a contraindication for ECPR in the absence of evidence-

based guidelines. Further studies to review current cut-off values

for metabolic disturbances are urgently needed in order to

increase survival using proven methods for ROSC and improved

neurological outcomes.
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