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CLINICAL CASE

ECMO support in a child with cardiogenic shock due  
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Abstract

Introduction: Endocarditis is a rare disease in children, especially in those without previous heart 
disease, and Kingella Kingae (KK) is rarely identified as the cause. Extracorporeal membrane oxyge-
nation (ECMO) is a support for both heart and respiratory failure. Objective: To report the first case 
of infectious endocarditis (IE) due to KK which required ECMO support secondary to refractory 
cardiogenic shock. Clinical case: 19-months-old previously healthy female patient, with a 2-day his-
tory of fever, and diagnosed with hand-foot-and-mouth disease. The patient developed refractory 
cardiogenic shock, multiorgan failure, acute respiratory distress syndrome, and deep hemodynamic 
compromise that required veno-arterial ECMO support. The echography showed an image compa-
tible with mitral valve vegetation, confirming IE with transthoracic echocardiography. Blood culture 
was positive for KK. She had an ischemic stroke and required two heart surgeries, the first one for 
the mass resection and the second one for mitral valve repair, which had a posterior ring pseudoa-
neurysm. The patient had a favorable evolution and was discharged 73 days after admission. At one 
year of follow-up, she had no cardiological symptoms, but a mild right brachial-crural hemiparesis 
persisted. Conclusion: This is the first reported case of IE due to KK that required extracorporeal life 
support. KK endocarditis is an uncommon pathology that can cause multiorgan failure, which can be 
successfully supported with ECMO.
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Introduction

ECMO is a cardiorespiratory support procedure 
that has been developed since the 1970s in children 
and adults1. Its use has been expanding, especially over 
the last decade, with increasingly better results in diffe-
rent age groups2.

Infectious endocarditis (IE) is a serious disease, and 
is rare in people who have no previous heart disease. 
Risk factors for its occurrence include valve patholo-
gy, prolonged use of intravenous catheters, and im-
munosuppression. Hand-foot-and-mouth disease has 
recently been described as a risk factor for Kingella 
Kingae (KK)3.

Out of the causative germs, the HACEK group 
(Haemophilus parainfluenzae, Aggregatibacter acti-
nomycetemcomitans, Aggregatibacter aphrophilus, Car-
diobacterium hominis, Eikenella corrodens, Kingella 
kingae), particularly KK, is one of the less frequent and 
is difficult to diagnose, considering that they are ‘fasti-
dious’ organisms difficult to identify microbiologica-
lly, as they require special means for their growth4-7.

KK is a gram-negative microorganism – hemolytic 
anaerobic facultative, which is difficult to isolate and 
identify in fluids, with up to 90% false negatives descri-
bed. This has led to the development of new diagnostic 
techniques, such as nucleic acid amplification assays, 
this increases the sensitivity and reduce the time to 
diagnosis from days to hours. The usual treatment is 
penicillin, ampicillin or cephalosporins of second and 
third generation7. Increased resistance to beta-lactams 
has been reported8. The germ usually colonizes the up-
per respiratory tract in children9, so overcrowding, is 
the main risk factor for carrying it10. The pathogenesis 
of invasive disease is unclear, but viral co-infection has 
been identified as a risk factor11, in particular, hand-
foot-and-mouth disease3. The most common invasive 
KK disease is osteoarticular infection, but the most se-
vere is infectious endocarditis9.

Patients with IE may progress to cardiogenic shock, 
and, as with other conditions, when routine medical 
therapy (consisting of volume management, vasoactive 
drugs, and general support in addition to baseline di-
sease) is not enough, ECMO may support if there is an 
acute cardiorespiratory failure.

The objective of this study is to report the first case 
of IE due to KK that required ECMO support due to a 
refractory cardiogenic shock.

Clinical case

A 19-month-old infant, previously healthy and eu-
trophic, who consulted due to 2-days history of fever 
and general condition involvement. The initial diagno-
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sis was a probable herpetic gingivostomatitis or hand-
foot-and-mouth disease, with initial symptomatic 
treatment, and after a second consultation, acyclovir.

Due to the symptoms persistence, she consulted 
again after three days. She was admitted to the emer-
gency service in good general condition, with labora-
tory tests compatible with bacterial infectious disease, 
evolving with hemodynamic instability, therefore she 
received two boluses of crystalloids and was transfe-
rred to the intensive care unit (Tables 1 and 2).

She was admitted to the intensive care unit three 
hours after her emergency consultation, with rapid 

Figure 1. Chest X Ray after Veno Arterial ECMO cannulation, 
consolidation in both lower lobes is shown.

Table 1. First Lab Values (Emergency Department)

Lab Values Normal Values

Hemoglobin 7.9 g/dL 10.7-13.1 g/dL

Platelets 33000/cc 150000 – 450000/cc

Leukocytes 23500/cc 6.0-17.0/cc

Bacilliformes 7% 0%

Creatinine 0.28 mg/dL 0.1-0.4 mg/dL

Ureic nitrogen 15 mg/dL 5-18 mg/dL

C-reactive protein 130 mg/L < 10 mg/L

Venous Blood Gases Normal Values

pH 7.35 7.32-7.42

pCO2 41 mmHg 38-52 mmHg

pO2 34 mmHg 24-48 mmHg

Bicarbonate 22 mmol/L 19-25 mmol/L

BE -3.4 mmol/L -5 a +5 mmol/L

Saturation 62% 40-70%
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Table 2. Vital Signs Evolution

Vital Sign ER admission 1 hour post 
admission

2 hours after 
admission

3 hours 
(transfer to ICU)

4 hours 
(pre-Intubation)

HR (bpm) 199 158 177 165 192

RR (bpm) - - - - 36

AP (mmHg) - -- 78/41 126/110

Sat O2 (%) 97 98 98 95 -

Axillary Temp (ºC) 37,3 37,7 36 35,8 35,6

GCS 15 15 15 - -

ER: Emergency Room, HR: heart rate, bpm: beats perminunte RR: respiratory rate, AP: arterial pressure, Sat: saturation, GCS: Glasgow Coma 
Scale. 
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Table 3. Arterial Blood Gases (FiO2 100%)

Parameter Post Intubation PostECMO

pH 7,06 7,24

pCO2 75,9 34,4

pO2 40 79,2

HCO3 21 14

BD -10 -3,4

Sat 60% 62%

ECMO: Extracorporeal Membrane Oxygenation: pCO2: CO2 partial 
pressure; pO2: O2 partial pressure; HCO3: Sodium bicarbonate; BE: base 
excess ; Sat: O2 saturation.

Figure 2. Trans thoracic 
cardiac ultrasound, Para 
Sternal Long Axis View. 
Mitral valve vegetation 
(white arrow). 

creased support with invasive mechanical ventilation 
(IMV), bag-mask ventilation, and then high-frequency 
oscillatory ventilation (HFOV): mean airway pressure 
30mmH2O, delta pressure 40, respiratory rate 10Hz, 
inspired oxygen fraction (FiO2) 100%, all under deep 
sedation, neuromuscular blockade and prone position. 
In spite of the above, she did not achieve adequate 
saturation or perfusion: pH 6.96 PaO2 97mmHg and 
PaCO2 102mmHg HCO3 22.5 BE-11 Saturation 92.8%, 
with lactic 17.21 mmol/L, requiring occasionally ven-
tilation by bag mask. This was associated with acute 
hemodynamic compromise despite maximum vasoac-
tive support (epinephrine 0.4mcg/Kg/min, norepine-
phrine 0.4mcg/Kg/min plus dobutamine 15mcg/Kg/
min) (Table 2). Due to hemodynamic reasons, she did 
not tolerate high-volume continuous venovenous he-
mofiltration. The x-ray showed both lung fields with 
bilateral shadows. In the echography, an image compa-
tible with mitral valve vegetation was observed. In the 
presence of catastrophic shock progression and ARDS, 
ECMO was requested.

She was evaluated by our mobile ECMO team and 
then cannulated on site to the cervical veno-arterial 
ECMO, with rapid blood gases improvement (Tables 
2 and 3). She was transferred by ambulance connec-
ted to ECMO to our center. The cannula position was 
checked with ultrasound and radiography (Figure 1). 

Upon admission, transthoracic echocardiography 
was performed, which confirmed mitral valve endo-
carditis and acute heart failure (accentuated mitral 
insufficiency, Jet area 40% of the left atrial area, left-
ventricular ejection fraction (LVEF) of 35% (Figure 
2). Brain CT scan showed left parietal infarction, with 
small hemorrhagic foci (Figure 3), so prophylactic an-
ticonvulsants were initiated. That same day, the mass 
was resected and the mitral valve repaired.

Her initial evolution was satisfactory and without 
complications, with progressive improvement of car-
diac function, shown by decreased vasoactive drug re-

progression to shock (Table 2), thus she was intuba-
ted and empirical antimicrobials were initiated (ce-
fotaxime, vancomycin, and acyclovir), as vasoactive 
drugs, and transfusions (240cc red blood cells, 120cc 
fresh frozen plasma, 1 platelet concentrate, and 1 cryo-
precipitate). Within a few hours, she developed acute 
respiratory distress syndrome (ARDS), requiring in-
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quirements and echocardiographic monitoring. Volu-
me depletion and sepsis control were achieved. ECMO 
support was removed after nine days, with low-dose 
support of epinephrine and milrinone, LVEF 65%. 
Protective ventilation was used (tidal volume 6mL/Kg, 
FiO2 40%, breathing rate (BR) 20 breaths per minute 
and end-expiratory pressure of 8mmH2O). Three days 
after ECMO removal, VMI was removed, requiring 
reintubation 24 hour after due to acute pulmonary 
edema, attributed to increased post-load and modera-
te mitral insufficiency demonstrated in a new moni-
toring echocardiography. Post-loading was optimized 
and was extubated within ten days of this event.

In a control echocardiogram, on the 24th day after 
admission and already extubated, an undefined image 
of the mitral valve ring was detected. Due to the im-
possibility of performing a complimentary MRI due 
to pacemaker wires, Angio-CT was performed which 
showed mitral valve posterior ring pseudoaneurysm, 
with flow from the ventricular cavity (Figure 4). Re-
pair of the mitral valve in extracorporeal circulation 
was performed, after which the patient required IMV 
for four days.

The initial standard aerobic blood culture was posi-
tive for KK, however, the culture of pericardial effusion 
and vegetation was negative - no special isolation tech-
niques such as C-reactive protein (CRP) were applied. 
No lumbar puncture was considered necessary. Given 
the sensitivity of the germ, she was treated with ceftria-
xone for 42 days. Secondary to the cerebral infarction 
diagnosed at admission, the patient developed right 
hemiparesis and promptly started physical therapy and 
multimodal rehabilitation.

The discharge was 73 days after the admission, in 

Figure 4. Chest computed tomography angiography. Mitral left ventricular 
pseudoaneurysm originating from the mitral annulus (white arrow).

Figure 3. Head CT Scan. Parietal Infarct with hemorrhagic foci 
(white arrow).
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good general condition, with mild mitral insufficien-
cy and recovering hemiparesis; on drug therapy with 
captopril, furosemide, aspirin, levetiracetam, and phe-
nobarbital, as well as physical rehabilitation and occu-
pational therapy. No immunological study was consi-
dered necessary. Follow-up one year after, the patient 
returned to normal activities for a girl of her age, with 
no symptoms of heart failure, and mild right brachial-
crural hemiparesis.

Discussion

ECMO is a respiratory and/or cardiorespiratory 
support procedure that has been used since the 1970s 
to support patients with both respiratory and heart fai-
lure. In childhood heart failure has allowed a survival 
of 43%2, 12. 269 ECMOs procedures have been perfor-
med at our center, 59 of them have been pediatric and 
14 neonatal. During the past two years, eight cardiac 
ECMOs have been performed in pediatric patients, 
two of them have died (data not reported).

Out of the etiologies of acute heart failure in pe-
diatrics, IE is one of the diagnoses that should be 
ruled out, even if the patient has no previous heart 
disease. The increasing use of intravascular devices - 
whether indwelling or temporary catheters - has been 
described as a major risk factor in patients without 
prior heart disease13. Another risk factor is immuno-
suppression14,15.

33% of patients with IE due to HACEK group have 
no risk factors15. KK is demonstrated in 4% of all ca-
ses of IE, being one of the most uncommon13,16. In our 
literature review, there are only 43 cases reported (in 
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both adults and children) with IE to this germ14,17. Gi-
ven the difficulty of diagnosis and its  low frequency, a 
targeted study should be conducted in selected patients 
in order to provide specific antimicrobial therapy.

Out of the complications of IE, embolic stroke is 
one of the most feared and frequent ones, occurring in 
24% of cases of IE due to KK14. In the presented case, 
an embolic stroke was observed at the time of the diag-
nosis of IE. This, together with catastrophic heart fai-
lure, required urgent heart surgery.

ECMO support in cardiorespiratory failure provi-
des full support to let the patient stabilizes  and get to 
surgery in better condition18. In the experience of our 
center, it is a feasible and safe technique that can be 
used for a long time. As of February 2018, 92 ECMO 
mobile procedures have been performed, with 62% of 
survival at discharge (unpublished data). An adequate 
multidisciplinary support allows optimizing the evolu-
tion and improvement of the patient. Our patient had 
no complications out of ECMO, although she had a 
severe and torpid evolution, the ECMO provided time 
to make decisions in the most complex moment of her 
disease.

Conclusions

IE due to Kingella kingae is rare but it has a specific 
treatment. The diagnostic suspicion should be high, 
and not limited to children with classic risk factors for 
IE. To our knowledge, this is the only reported case 
of EI due to KK patient requiring ECMO support. In 
patients with heart failure or multiple organ failure re-
sulting from an IE, an adequate diagnosis and a com-

prehensive multidisciplinary management, including 
ECMO, allows for favorable results despite the severity 
of their presentation.
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