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ABSTRACT
Background  Pediatric acute fulminant myocarditis 
(AFM) is a very dangerous disease that may lead to acute 
heart failure or even sudden death. Previous reports have 
identified some prognostic factors in adult AFM; however, 
there is no such research on children with AFM on 
venoarterial extracorporeal membrane oxygenation (VA-
ECMO). This study aimed to find relevant prognostic factors 
for predicting adverse clinical outcomes.
Methods  A retrospective analysis was performed in an 
affiliated university children’s hospital with consecutive 
patients receiving VA-ECMO for AFM from July 2010 
to November 2020. These children were classified 
into a survivor group (n=33) and a non-survivor group 
(n=8). Patient demographics, clinical events, laboratory 
findings, and electrocardiographic and echocardiographic 
parameters were analyzed.
Results  Peak serum creatinine (SCr) and peak creatine 
kinase isoenzyme MB during ECMO had joint predictive 
value for in-hospital mortality (p=0.011, AUC=0.962). 
Based on multivariable logistic regression analysis, peak 
SCr level during ECMO support was an independent 
predictor of in-hospital mortality (OR=1.035, 95% CI 1.006 
to 1.064, p=0.017, AUC=0.936, with optimal cut-off value 
of 78 μmol/L).
Conclusion  Tissue hypoperfusion and consequent 
end-organ damage ultimately hampered the outcomes. 
The need for left atrial decompression indicated a sicker 
patient on ECMO and introduced additional risk for 
complications. Earlier and more cautious deployment 
would likely be associated with decreased risk of 
complications and mortality.

INTRODUCTION
Acute fulminant myocarditis (AFM) is a very 
dangerous disease, accounting for 10%–38% 
of the incidence of acute myocarditis in chil-
dren.1 With a rapid progression of circula-
tory failure, AFM can lead to cardiac shock 
or malignant arrhythmia within a short time, 
with a fatality rate of up to 75%.2 Deaths 
of patients with AFM are caused by cardiac 
arrest, irreversible myocardial lesions and 
secondary irreversible organ damage after 
cardiac shock, etc. Thus, these patients 

often require venoarterial extracorporeal 
membrane oxygenation (VA-ECMO) to 
maintain their hemodynamic status. If 
children are treated in a timely and effec-
tive way, the survival rate can be improved 
significantly with good quality of survival. 
According to data from the Extracorporeal 
Life Support Organization in January 2018, 
patients with AFM supported by ECMO had 
an average survival rate of 60%–75%.3 In 
our center, the survival rate of children with 
AFM supported by VA-ECMO has been on 
the rise in recent years; however, our under-
standing of this group of children remains 

KEY MESSAGES

WHAT IS ALREADY KNOWN ABOUT THIS 
SUBJECT?

	⇒ Venoarterial extracorporeal membrane oxygenation 
for children with acute fulminant myocarditis (AFM) 
appears to be an effective therapy and is useful for 
clinical prognosis.

	⇒ Further studies are needed to discover the molecu-
lar mechanisms in order to improve quality of clini-
cal management.

WHAT ARE THE NEW FINDINGS?
	⇒ Peak serum creatinine (SCr) level and peak creatine 
kinase isoenzyme MB (CKMB) level during extracor-
poreal membrane oxygenation support were predic-
tors of in-hospital mortality in children with AFM.

	⇒ The need for left atrial (LA) decompression and ab-
normal serum findings might reflect severity of the 
states of AFM.

HOW MIGHT IT IMPACT ON CLINICAL PRACTICE 
IN THE FORESEEABLE FUTURE?

	⇒ First, we will pay more attention to SCr level and 
CKMB level of children with AFM and ensure these 
serological tests are completed in time.

	⇒ Second, we will try some new LA decompression 
modes to obtain more satisfying left ventricular 
venting, such as atrial septal defect (ASD) shunt, 
intra-aortic ballon pump (IABP), etc.  on A
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limited and their prognostic factors are still unclear. As 
far as we know, previous reports have identified some 
predictive risk factors in adult AFM; however, there is no 
research on prognostic factors for children with AFM 
on VA-ECMO. The present study aimed to find rele-
vant prognostic factors and thereby improve patients’ 
outcomes.

METHODS
Design and population
A retrospective analysis was performed at an affiliated 
university children’s hospital with consecutive chil-
dren receiving VA-ECMO for AFM from July 2010 to 
November 2020. The study’s design was single center 
and retrospective. AFM was diagnosed by seasoned pedi-
atric physicians. Typical symptoms of acute myocarditis 
are abdominal pain, vomiting, palpitations, or tiredness 
and fever, with an acute hemodynamic collapse and 
cardiogenic shock and fatal arrhythmias. High cardiac 
troponin I (cTNI), increased creatine kinase isoen-
zyme MB (CKMB), ECG changes (such as widening 
of the QRS complex or PR prolongation), dilated left 
ventricle, and markedly reduced LVEF were found in 
these children. A biopsy was not performed because the 
operation was invasive. A cardiac MRI or a genetic study 
was taken after ECMO support only if the patient had 
a family history of cardiomyopathy or trends in cardi-
omyopathy after infection. Two groups were compared 
based on in-hosptial mortality: a group of 33 children 
who survived from fulminant myocarditis and a group 
of 8 children who died from fulminant myocarditis. 
All of these patients received VA-ECMO during their 
treatment process. Data were collected from the pedi-
atric intensive care unit database, patients’ electronic 
medical records, and the extracorporeal life support 
registry form records. Patient demographics included 
age, weight, and sex. Cardiopulmonary resuscitation 
(CPR) included traditional cardiopulmonary resuscita-
tion and extracorporeal cardiopulmonary resuscitation. 
Left atrial (LA) decompression was finished by a left 
anterolateral thoracotomy. The vent cannula was placed 
in the atrium under direct vision. Malignant arrhythmia 
included high-grade atrioventricular block, ventricular 
arrhythmia, and escape rhythm. Vasoactive-inotropic 
score (VIS) was calculated as described previously.4 
Ejection fraction (EF) and left ventricular (LV) volume 
were measured by B-mode ultrasonography within half 
an hour before ECMO implantation. Serum lactate, 
serum creatinine (SCr), alanine transaminase (ALT), 
brain natriuretic peptide (BNP), creatine kinase isoen-
zyme MB and cTNI were collected one to three times 
within 24 hours after ECMO implantation, and the 
worst results were chosen as the peak values for these 
laboratory tests. We also tested the duration of ECMO 
and vasoactive-inotropic scoring at the 24th hour after 
ECMO implantation as risk factors for death.

ECMO management
Children diagnosed with AFM presented the following: 
(1) left ventricular ejection fraction (LVEF) <40%–45%; 
(2) persistent tissue hypoperfusion, metabolic acidosis, 
such as pH  <7.15, buffuer excess (BE)<−5 mmol/L, 
blood lactic acid >4.0 mmol/L or in progressive aggra-
vation, and urine volume <0.5 mL/kg/hour; (3) persis-
tent hypotension: mean arterial pressure: neonates <40 
mm Hg, infants <50 mm Hg, and children <60 mm Hg; 
(4) two or more positive inotropic/vasoactive drugs were 
used and there was still hypotension under high-dose 
maintenance, such as adrenaline >0.4 µg/kg/min, dopa-
mine  >10 µg/kg/min, or vasoactive-inotropic score of 
20 points or more and/or with progressive increase; (5) 
in malignant arrhythmia, antiarrhythmic drugs, positive 
inotropic drug or temporary pacemakers, etc, are still 
unable to maintain effective circulation; and (6) sudden 
cardiac arrest, cardiopulmonary resuscitation for 15 min 
is still unable to maintain spontaneous circulation. If 
items 1–6 occur, ECMO should be prepared, and if any 
of items 1–4 lasts for more than 3 hours ECMO should be 
started in an emergency.

The right internal jugular vein and the common carotid 
artery were catheterized surgically and heparin 50–100 
U/kg anticoagulant was administered before catheter-
ization. Cannulation was performed after injection of 
heparin (50–100 U/kg) with the target kaolin-activated 
clotting time (ACT Plus; Medtronic, Minneapolis, Minne-
sota, USA) value more than 180 s. The VA-ECMO circuit 
consists of a Rotaflow Centrifugal Pump (MAQUET, 
Germany) in conjunction with a membrane oxygenator 
(Hilite 800/2400/7000, Medos Medizintechnik, Stol-
berg, Germany; Quadrox PLS, MAQUET Cardiovascular, 
Hirrlingen, Germany; Sorin, Italy) with an integrated 
heat exchanger. Anticoagulation was initiated as soon 
as bleeding has been controlled. The target ACT value 
was 160–200 s. In auxiliary process we let the heart rest 
adequately to promote its restoration, while ensuring 
other important viscera effective perfusion to avoid 
secondary damage. If the LV was significantly dilated, the 
LA pressure increased, and pulmonary edema occurred, 
LA drainage tube was placed for LA decompression. 
Weaning was evaluated cautiously when LVEF was above 
40% and vital organ functions were stable. Pump flow 
was gradually decreased 24 hours before weaning, and 
the operation was performed under sterile conditions in 
the intensive care unit (ICU). Some patients underwent 
carotid artery repair, and all the jugular veins of these 
patients were ligatured after decannulation.

Statistical analysis
SPSS V.20 was used for statistical analysis. Categor-
ical variables were expressed as percentages and were 
analyzed using χ2 test or Fisher’s exact test. Continuous 
data were described as median (IQR) and compared 
using Mann-Whitney U test. To confirm the results were 
not influenced by a model overloaded with too many vari-
ables for a low occurrence rate of death, a binary logistic 
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regression analysis limited the independent variables to 
those who were found individually to be associated with 
mortality (p≤0.07). A forward stepwise logistic regression 
was used for multiple models. Significance was defined 
as p<0.05.

RESULTS
Baseline data
Patient demographics, clinical events, and compli-
cations are shown in table  1. There were 17 boys 
and 24 girls in this study. Their median age was 96 
months, ranging from 4 months to 168 months, and 
their median weight was 25 kg, ranging from 6.5 kg 
to 60 kg. There were no significant differences in 
age, weight, or gender between survivors and non-
survivors. There were no significant differences in the 
duration of ECMO, malignant arrhythmia, or need for 
cardiopulmonary resuscitation between survivors and 
non-survivors. Demands for LA decompression in the 
non-survivor group were more frequent (4 of 8 (50%) 
vs 3 of 33 (9.1%), p<0.05). In addition, non-survivors 
also tended to have higher incidence of complica-
tions (6 of 8 (75%) vs 7 of 32 (21.9%), p<0.05), such 
as hemorrhage, cerebral infarction, thrombosis, etc.

Outcomes and complications
In this study the causes of death were irreversible 
cardiac failure (4 of 8), cerebral death (2 of 8), 
untreatable coagulopathy (1 of 8), and infection (1 
of 8). Due to anticoagulation during ECMO, hemor-
rhage was the most frequent complication, with an 
occurrence rate of 17.1%, followed by clots (7.3%), 
renal failure (7.3%), cerebral infarction (7.3%), 
infection (4.9%), disseminated intravascular coagula-
tion (DIC) (4.9%), and hemolysis (2.4%). Generally, 
we supported these patients for 7–10 days. During this 
period we cautiously evaluated their heart sound, VIS, 

and symptoms of pulmonary congestion. Also, elec-
trocardiography and echocardiography were exam-
ined every day. If there was no recovery, we defined 
the patients as ‘irreversible heart failure’. Unfortu-
nately, there were no patients listed for heart trans-
plantation due to heart source shortage and to their 
low body weight.

Evaluation of perioperative findings
Laboratory examinations and echocardiographic 
data collected prior to and during ECMO are summa-
rized in table 2. Children with AFM on ECMO in the 
non-survivor group had higher peak SCr values (61 
(44.63–73.5) μmol/L vs 147.75 (93–207.75) μmol/L, 
p<0.05) than survivors. They also had markedly 
higher levels of peak ALT values (71 (43.5–631.5) 
U/L vs 682 (182.25–1361) U/L, p<0.05) during 
ECMO. Moreover, children with AFM on ECMO in 
the non-survivor group had higher peak CKMB values 
(71.94 (43.29–175) ng/mL vs 277.5 (188.25–321.75) 
ng/mL, p<0.05) than the survivor group. Although 
statistical analysis showed no significant differences 
in LVEF between the two groups, we observed a lower 
EF in the non-survivor group (39% (30%–50.5%) vs 
29% (14%–39.8%), p=0.065). There was no statisti-
cally significant difference between the two groups 
in terms of peak lactate before ECMO started and in 
use of vasoactive drugs in early stage. During ECMO 
support, there were no significant differences in peak 
BNP values and peak cTNI values between survivors 
and non-survivors. Finally, non-survivors tended to 
have higher VIS at the 24th hour during ECMO.

Predictors of in-hospital mortality
Comparison of survivors and non-survivor variables 
is summarized in table  3. In the univariate logistic 
analysis, LA decompression (p=0.013), peak SCr level 

Table 1  Demographic data and clinical features of patients requiring ECMO for AFM

Survivors (n=33) Non-survivors (n=8) P value

Patient demographics

 � Age (mon)* 96 (60–135) 83 (80–108) 0.830

 � Weight (kg)* 25 (19–36) 25 (20–27) 0.621

 � Male† 15/33 (45) 2/8 (25) 0.292

Clinical events

 � CPR† 11/33 (33.3) 5/8 (62.5) 0.225

 � Left atrial decompression† 3/33 (9.1) 4/8 (50) 0.018‡

 � Malignant arrhythmia† 15/33 (45.5) 5/8 (62.5) 0.454

 � ECMO duration (hr)* 112.5 (83–136) 134.5 (41.2–312.2) 0.063

 � Complications† 7/32 (21.9) 6/8 (75) 0.007‡

*Data are presented as mean (IQR).
†Data are presented as n (percentage).
‡P＜0.05.
AFM, acute fulminant myocarditis; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation.
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(p=0.003), and peak CKMB level (p=0.021) were 
associated with mortality in children with AFM on 
VA-ECMO. In the multivariable logistic regression 
model, peak SCr level (p=0.017) remained a signifi-
cant predictor of mortality (table 3). To confirm the 
accuracy of the prognosis and to find an optimal cut-
off value for the laboratory results, receiver operating 
characteristic (ROC) curves were constructed based 
on the multivariable logistic regression reported in 
table  3. The sensitivity and specificity of using both 
risk factors (SCr and CKMB) together to jointly 
predict in-hospital mortality were 100% and 75.8%, 
respectively (area under the curve (AUC)=0.962, 
p=0.011; figure 1).

DISCUSSION
Major findings
In this study we retrospectively analyzed the clinical 
outcomes of pediatric VA-ECMO for AFM with various 
factors. We found that peak SCr and peak CKMB during 
ECMO had predictive value for in-hospital mortality. 
Multivariable logistic regression analysis showed that 
peak SCr during ECMO was an independent prognosis 
factor for in-hospital mortality. These results suggested 
that evidence of end-organ injury (peak SCr and to a 
smaller extent ALT) and myocardial injury (peak CKMB) 
predict patients with poor outcomes. The need for LA 
decompression indicated a sicker patient on ECMO and 

Table 2  Comparison of in-hospital mortality between the two groups

Survivors (n=33) Non-survivors (n=8) P value

Prior to ECMO

 � Peak lactate (mmol/L) 7.2 (3.68–10.40) 6.8 (3.68–13.73) 0.428

 � VIS 25 (10–40) 30 (12.25–45.5) 0.856

 � EF (%) 29 (30–50.5) 29 (14–39.8) 0.065

 � LV (cm) 3.55 (3.25–4.28) 3.80 (3.55–4.15) 0.468

During ECMO

 � Peak CRE (μmol/L) 61 (44.63–73.5) 147.75 (93–207.75) 0.000*

 � Peak ALT (U/L) 71 (43.5–631.5) 682 (182.25–1361) 0.021*

 � Peak BNP (pg/mL) 6517 (2262–23 096) 5853.50 (3902.75–22 539.25) 0.818

 � Peak CKMB (ng/mL) 71.94 (43.29–175) 277.50 (188.25–321.75) 0.001*

 � Peak cTNI (ng/mL) 1.80 (0.52–8.16) 3.91 (0.13–40) 0.742

 � VIS at the 24th hour 9 (3.5–23) 28.5 (15.2–47.5) 0.003*

Data are presented as mean (IQR).
*P＜0.05.
ALT, alanine transaminase; BNP, brain natriuretic peptide; CKMB, creatine kinase isoenzyme MB; CRE, creatinine; cTNI, cardiac troponin I; 
ECMO, extracorporeal membrane oxygenation; EF, ejection fraction; LV, left ventricular; VIS, vasoactive-inotropic score.

Table 3  Binary logistic models for predictors of in-hospital mortality

Variables

Univariate analysis Multivariable analysis

OR 95% CI P value OR 95% CI P value

Clinical features

 � LA decompression 0.100 0.016 to 0.620 0.013* 0.93 0.003 to 2.538 0.161

Prior to ECMO

 � LVEF 0.938 0.879 to 1.001 0.055

During ECMO

 � Peak SCr (μmol/L) 1.036 1.012 to 1.061 0.003* 1.035 1.006 to 1.064 0.017*

 � Peak ALT (U/L) 1.001 1.000 to 1.001 0.134

 � Peak CKMB (ng/mL) 1.008 1.001 to 1.014 0.021* 1.007 1.000 to 1.015 0.058

 � VIS at the 24th hour 1.018 0.994 to 1.042 0.140

OR means increased odds of mortality.
*P＜0.05.
ALT, alanine transaminase; CKMB, creatine kinase isoenzyme MB; ECMO, extracorporeal membrane oxygenation; LA, left atrial; LVEF, left 
ventricular ejection fraction; SCr, serum creatinine; VIS, vasoactive-inotropic score.
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introduced additional risk for complications. However, 
peak lactate and LVEF prior to ECMO were not valuable 
markers.

Prognosis value of peak CKMB
CKMB exists in the myocardium and indicates the extent 
of myocardial injury as a sensitive indicator. Previous 
studies have shown that serum CKMB can be increased 
for 1–2 weeks in children with AFM.5 In a clinical study 
of adult patients with fulminant myocarditis in 2018, 
Matsumoto et al6 found that there were significant differ-
ences in the level of peak CKMB between the ECMO-
weaned group and the unweaned group, and the optimal 
cut-off value was 183 IU/L with an AUC of 0.89. In the 
present study, peak CKMB level remained a predictor of 
mortality, which was highly consistent with adult patients. 
This means that peak CKMB level could also be used in 
prognosis diagnosis of in-hospital mortality in children 
with AFM on VA-ECMO. What is more, a scatterplot of 
SCr and CKMB was constructed and the line that showed 
the optimal cut-off values for SCr and CKMB estimated 
from the multivariable logistic regression was superim-
posed in figure 2, which helped to jointly predict in-hos-
pital mortality.

Prognosis value of peak SCr and peak ALT
End-organ perfusion reflects the severity of oxygen 
deficit and gives an accurate depiction of circulatory 
shock conditions. Although we gave ECMO support to 
these patients, the ECMO flow could not fully replace 
their pulsing flow; thus, an irreversible cardiac failure 
might lead to end organ damages.

Among all the organs, the kidney is the one sensi-
tive to ischemia and reperfusion. In a renal ischemia-
reperfusion model of mice, it was found that ischemia 

time of more than 5 hours would cause poor prognosis 
even in a low temperature environment.7 Several studies 
have shown that changes in SCr are associated with death 
in adult patients with AFM.8 9 Children with AFM had 
hypotension and hypoperfusion of systemic circulation 
before ECMO support, which would lead to an acute 
renal ischemia-reperfusion injury. The initiation of 
virus-mediated immune response after prodromic viral 
infection also leads to acute renal injury.10 Therefore, 
change in SCr reflects both the severity of hypoperfusion 
and the fierceness of immune response, which are both 
confounders leading to poor outcomes. Based on kidney 
disease improving global outcomes-acute kidney injury 
(KDIGO-AKI) rating, even the slightest renal functional 
changes during pediatric mechanical circulatory support 
(MCS) should not be ignored.11

As a tried-and-true predictor, although peak SCr was 
proven to be an independent predictor of mortality in 
this study, it is not a timely indicator because it usually 
increases 24–72 hours after renal injury.12 During ECMO 
support, tissue hypoperfusion and consequent end-organ 
damage ultimately hampered the outcomes of ECMO 
patients, so early detection of hypoperfusion is crucial 
in improving perfusion. Recently, liver-fatty acid binding 
protein, neutrophil gelatinase-associated lipocalin, 
cystatin-C, kidney injury molecule-1, and interleukin 
18 have been shown to be early indicators of AKI13 and 
may become more valuable markers and may improve 
patients’ outcomes in the future.

LA decompression
VA-ECMO can replace the heart pump function and 
can effectively restore systemic perfusion in children 
with AFM, but VA-ECMO increases pulmonary circu-
lation blood flow and LV afterload.14 LA decompres-
sion can quickly reduce LV load, lowering cardiac work 
and oxygen consumption.15 Many clinical centers have 
moved to prophylactic LA decompression because it is 
hypothesized as the best way to rest the heart. Late LA 

Figure 2  Scatterplot of SCr and CKMB was constructed 
and the line that showed the optimal cut-off values for SCr 
and CKMB was estimated to help jointly predict in-hospital 
mortality. CKMB, creatine kinase isoenzyme MB; SCr, serum 
creatinine.Figure 1  ROC curve for both risk factors (SCr and CKMB) 

together to jointly predict in-hospital mortality (AUC=0.962, 
p=0.011). The sensitivity and specificity of using both 
risk factors were 100% and 75.8%. AUC, area under the 
curve; CKMB, creatine kinase isoenzyme MB; ROC, eceiver 
operating characteristic; SCr, serum creatinine.
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decompression deployment is likely to lead to worse 
outcomes. In the present study, univariate analysis showed 
that there was a significant difference in LV decompres-
sion between survivors and non-survivors, which seemed 
counterintuitive. There were some reasons behind this 
phenomenon.

ECMO was becoming increasingly used in pediatric 
AFM in our medical center, but mortality rate was not 
decreasing year by year during the most recent years. 
Lack of cardiac recovery or multiorgan failure repre-
sented the most frequent causes of poor outcome. The 
effect of retrograde flow in the aorta towards LV during 
VA-ECMO was an inevitable problem. These reasons 
both increased the LV load, and LV overloads increased 
wall stress and myocardial oxygen consumption, jeopar-
dizing ventricular recovery particularly in the presence 
of ischemia-induced myocardial impairment.14 Not only 
that, the implantation of VA-ECMO introduced addi-
tional risks for complications because these procedures 
were invasive, thus increasing bleeding risk and compli-
cation rate. Consequently, the risk/benefit should be 
assessed carefully. In the present study seven children 
in our center underwent left cardiac decompression, of 
whom two had cerebral hemorrhage, one had stroke, 
one had cerebral hemorrhage combined with stroke, 
one had LV thrombosis, and one had limb thrombosis; 
only three children survived. In the statistical analysis LA 
decompression was proved to be significantly related to 
complications (Pearson’s correlation=0.527), so maybe 
we have done several late LA decompression during 
VA-ECMO support or some of the venting was insuffi-
cient. According to the classification of unloading tech-
niques,16 the most common locations of unloading were 
the LA (31%), followed by the aorta/IABP (27%) and 
transaortic (27%). The LV itself (11%) and the pulmo-
nary artery (4%) were also used for unloading. Among 
these methods, LA decompression is an indirect venting 
way. However, is it more helpful to unload the LV using 
a direct approach, such as the LV itself? If so, what about 
the potentially increased risk? In this area, we still lack 
knowledge to answer these questions.

Because there were only eight mortalities in the present 
study, removal of complications from mortality analysis 
was very difficult. It is not completely clear whether the 
children died as a result of AFM or as a complication of 
ECMO or LA decompression. It is clear that LA decom-
pression during VA-ECMO may either provide an actual 
LV functional rest or may reduce its counterflow; however, 
at present there is still no consensus on the timing of LA 
decompression and on an exhaustive protocol for cath-
eterization. More forthcoming clinical experience and 
communication among centers are needed to solve the 
problems encountered in this study.

Electrocardiographic and echocardiographic changes
In previous studies of AFM, malignant arrhythmia, 
expanding LV diameter, and low LVEF were considered 
to be important factors affecting the prognosis.17–19 In the 

present study, we observed that the non-survivor group 
had obviously larger LV diameter and lower LVEF, and 
the frequency of malignant arrhythmia was also higher 
than that of the survivor group; however, there was no 
significant difference in either the U test or the univar-
iate regression analysis, which remains a question worthy 
of consideration.

Most of these studies were based on all acute myocar-
ditis cases from an entire medical center. In these studies 
patients without ECMO, or without other MCS support, 
had a reduced risk of ECMO-related complications, but 
medical therapy could not reduce their left cardiac load 
in time, so rapid reverse reconstruction of ventricle had 
not occurred and sometimes their coronary perfusion 
was not guaranteed. Therefore, this may exacerbate LV 
dysfunction, allowing arrhythmia to appear. As a result, the 
recovery of LV might be slow, and some children may even 
have irreversible low LVEF and expanding LV diameter. 
In the present study, according to the above indications, 
these children were all supported with VA-ECMO and 
LA decompression was deployed for the extremely sick 
hearts, which ensured all children’s LV unloaded so that 
their LVEF might not deteriorate further. The recovery of 
cardiac rhythm and LVEF is a key factor affecting the prog-
nosis of children with AFM. As a result of active treatment, 
there were only eight cases in the non-survivor group, 
and the median differences between the two groups were 
small, which may affect the conclusion of the data analysis. 
For the reasons described above, more cases in the study 
may help to obtain more accurate conclusions.

In conclusion, owing to the unstable hemodynamics 
of AFM, nearly all patients with AFM will require vasoac-
tive drug support or temporary MCS to bridge them to 
a stable stage at which their own circulation or a more 
durable solution can provide support of their end-organ 
function.20 Correspondingly, pediatric VA-ECMO for 
children with AFM appears to be an effective therapy 
in this retrospective study. Peak SCr level during ECMO 
support was an independent predictor of in-hospital 
mortality. Peak CKMB level also predicted poor outcome 
in children with AFM on VA-ECMO. The need for LA 
decompression and the abnormal serum findings might 
reflect severity of the states of AFM and are useful for 
clinical prognosis. Further studies are needed to discover 
their molecular mechanisms in order to improve quality 
of clinical management.

There are still some limitations regarding this study. 
First, this is a retrospective study from a single center, 
which limits the universality of the findings. Second, 
given the nature of the therapy, most tests for AFM 
were performed on an emergent or semi-emergent 
basis without endomyocardial biopsy and MRI. Last, the 
present study consisted of a small number of children. 
Owing to the small number of cases, the sensitivity of 
some factors even reached 100%, which is undoubtedly 
biased. Because AFM has a lower incidence than other 
common diseases, a multicenter clinical study across the 
country may be better in the future.

 on A
pril 28, 2025 by guest. P

rotected by copyright.
http://w

jps.bm
j.com

/
W

orld Jnl P
ed S

urgery: first published as 10.1136/w
jps-2021-000271 on 6 January 2022. D

ow
nloaded from

 

http://wjps.bmj.com/


7Sun M, et al. World Jnl Ped Surgery 2022;5:e000271. doi:10.1136/wjps-2021-000271

Open access

Contributors  MS and RL contributed to conceptualization. QZ contributed to 
data curation. LFY, YF, and LY contributed to writing – review & editing. All authors 
approved the manuscript.

Funding  This work was financially support by the Scientific Research Program of 
Shanghai Maternal and Child Health Association (ZGMF-B-201908).

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  The Zhejiang University School of Medicine Children’s Hospital 
Committee on Clinical Investigation approved the review of patient medical 
records. This article does not contain any studies with human participants or 
animals performed by any of the authors.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  No data are available. All free text entered below will 
be published.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Mingwei Sun http://orcid.org/0000-0002-1459-0043
Ru Lin http://orcid.org/0000-0001-8319-4995

REFERENCES
	 1	 Lee EY, Lee HL, Kim HT, et al. Clinical features and short-term 

outcomes of pediatric acute fulminant myocarditis in a single center. 
Korean J Pediatr 2014;57:489–95.

	 2	 Freedman SB, Haladyn JK, Floh A, et al. Pediatric myocarditis: 
emergency department clinical findings and diagnostic evaluation. 
Pediatrics 2007;120:1278–85.

	 3	 Extracorporeal Life Support Organization. ECLS registry report of 
the extracorporeal life support organization(ELSO). Available: https://
www.elso.org/ [Accessed 18 Feb 2019].

	 4	 Gaies MG, Jeffries HE, Niebler RA, et al. Vasoactive-inotropic score 
is associated with outcome after infant cardiac surgery: an analysis 
from the pediatric cardiac critical care consortium and virtual PICU 
system registries. Pediatr Crit Care Med 2014;15:529–37.

	 5	 Hong W, Xianyi YU, Chunfeng LIU. Diagnosis and treatment of 16 
cases of children with fulminant myocarditis. Chinese Crit Care Med 
2007;19:651.

	 6	 Matsumoto M, Asaumi Y, Nakamura Y, et al. Clinical determinants of 
successful weaning from extracorporeal membrane oxygenation in 
patients with fulminant myocarditis. ESC Heart Fail 2018;5:675–84.

	 7	 Wei J, Wang Y, Zhang J, et al. A mouse model of renal ischemia-
reperfusion injury solely induced by cold ischemia. Am J Physiol 
Renal Physiol 2019;317:F616–22.

	 8	 Reid R, Ezekowitz JA, Brown PM, et al. The prognostic 
importance of changes in renal function during treatment for acute 
heart failure depends on admission renal function. PLoS One 
2015;10:e0138579.

	 9	 Weidmann ZM, Breidthardt T, Twerenbold R, et al. Prediction of 
mortality using quantification of renal function in acute heart failure. 
Int J Cardiol 2015;201:650–7.

	10	 Rabb H, Griffin MD, McKay DB, et al. Inflammation in AKI: current 
understanding, key questions, and knowledge gaps. J Am Soc 
Nephrol 2016;27:371–9.

	11	 Interpretation of diagnostic criteria about acute kidney injury in 
children. J Appl Clin Pediatr 2015;30.

	12	 Yoneyama F, Okamura T, Takigiku K, et al. Novel urinary biomarkers 
for acute kidney injury and prediction of clinical outcomes after 
pediatric cardiac surgery. Pediatr Cardiol 2020;41:695–702.

	13	 Dong L, Ma Q, Bennett M, et al. Urinary biomarkers of cell cycle 
arrest are delayed predictors of acute kidney injury after pediatric 
cardiopulmonary bypass. Pediatr Nephrol 2017;32:2351–60.

	14	 Meani P, Gelsomino S, Natour E, et al. Modalities and effects of left 
ventricle unloading on extracorporeal life support: a review of the 
current literature. Eur J Heart Fail 2017;19 Suppl 2:84–91.

	15	 Coleman RD, Chartan CA, Qureshi AM, et al. Left atrial 
decompression on venoarterial extracorporeal membrane 
oxygenation: getting to the heart of the matter. Pediatr Crit Care Med 
2019;20:780–1.

	16	 Lorusso R. Are two crutches better than one? the ongoing dilemma 
on the effects and need for left ventricular unloading during veno-
arterial extracorporeal membrane oxygenation. Eur J Heart Fail 
2017;19:413–5.

	17	 Sawamura A, Okumura T, Ito M, et al. Prognostic Value of 
Electrocardiography in Patients With Fulminant Myocarditis 
Supported by Percutaneous Venoarterial Extracorporeal Membrane 
Oxygenation　- Analysis From the CHANGE PUMP Study. Circ J 
2018;82:2089–95.

	18	 Hung Y, Lin W-H, Lin C-S, et al. The prognostic role of QTc interval in 
acute myocarditis. Acta Cardiol Sin 2016;32:223–30.

	19	 Xu M, Jiang T, Zhou Y, et al. Influence of echocardiographic 
measurements and renal impairments on the prognosis of fulminant 
myocarditis. Medicine 2018;97:e9812.

	20	 Kociol RD, Cooper LT, Fang JC, et al. Recognition and initial 
management of fulminant myocarditis. Circulation 2020;141:e69–92.

 on A
pril 28, 2025 by guest. P

rotected by copyright.
http://w

jps.bm
j.com

/
W

orld Jnl P
ed S

urgery: first published as 10.1136/w
jps-2021-000271 on 6 January 2022. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1459-0043
http://orcid.org/0000-0001-8319-4995
http://dx.doi.org/10.3345/kjp.2014.57.11.489
http://dx.doi.org/10.1542/peds.2007-1073
https://www.elso.org/
https://www.elso.org/
http://dx.doi.org/10.1097/PCC.0000000000000153
http://dx.doi.org/10.3760/j.issn:1003-0603.2007.11.017
http://dx.doi.org/10.1002/ehf2.12291
http://dx.doi.org/10.1152/ajprenal.00533.2018
http://dx.doi.org/10.1152/ajprenal.00533.2018
http://dx.doi.org/10.1371/journal.pone.0138579
http://dx.doi.org/10.1016/j.ijcard.2015.08.097
http://dx.doi.org/10.1681/ASN.2015030261
http://dx.doi.org/10.1681/ASN.2015030261
http://dx.doi.org/10.3760/cma.j.issn.2095-428X.2015.05.006
http://dx.doi.org/10.1007/s00246-019-02280-3
http://dx.doi.org/10.1007/s00467-017-3748-7
http://dx.doi.org/10.1002/ejhf.850
http://dx.doi.org/10.1097/PCC.0000000000001956
http://dx.doi.org/10.1002/ejhf.695
http://dx.doi.org/10.1253/circj.CJ-18-0136
http://dx.doi.org/10.6515/acs20150226a
http://dx.doi.org/10.1097/MD.0000000000009812
http://dx.doi.org/10.1161/CIR.0000000000000745
http://wjps.bmj.com/

	Effect of allergic bronchopulmonary aspergillosis on FEV﻿1﻿ in children and adolescents with cystic fibrosis: a European Cystic Fibrosis Society Patient Registry analysis
	Patients and methods
	Patients included and definitions of variables
	Spirometry
	Primary outcome measures and explanatory variables
	Data analysis

	Results
	Participant characteristics
	Effect of ABPA on FEV﻿1﻿ percent predicted values adjusted for other explanatory variables


	Prognostic factors in children with acute fulminant myocarditis receiving venoarterial extracorporeal membrane oxygenation
	Abstract
	Introduction﻿﻿
	Methods
	Design and population
	ECMO management
	Statistical analysis

	Results
	Baseline data
	Outcomes and complications
	Evaluation of perioperative findings
	Predictors of in-hospital mortality

	Discussion
	Major findings
	Prognosis value of peak CKMB
	Prognosis value of peak SCr and peak ALT
	LA decompression
	Electrocardiographic and echocardiographic changes

	References


