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Abstract

Objective: To explore the application of Extracorporeal Mem-
brane Oxygenation technology (ECMO) in neonatal respiratory fail-
ure and provide guidance for future ECMO technology for critically
ill newborns.

Methods: Retrospective analysis of the basic data, ECMO sup-
port process, and long-term neurological development of nine
children supported by ECMO at Zhongshan People’s Hospital from
January 2015 to August 2021.

Results: From January 2015 to August 2021, the number of ad-
missions to the neonatal department of our hospital was 10,325,
with 433 cases of neonatal respiratory failure, which was in line
with ECMO support indication of 21 cases, of which 12 were non-
ECMO groups and 12 were ECMO groups. In nine cases, the dif-
ferences in sex, birth weight, gestational age, birth pattern, Apgar
score, NCIS score, Ol value, hospitalization days, mortality rate, and
incidence of intracranial bleeding were not statistically significant
(P>0.05). However, the average daily hospitalization cost for chil-
dren in the ECMO group was significantly higher than that in the
non-ECMO group, and the difference was statistically significant
(P<0.05). ECMO after 12 h operation, arterial oxygen pressure, and
intravenous oxygen saturation are substantially enhanced, while ar-
terial carbon dioxide pressure oxygenation index is considerably re-
duced, with a statistically significant difference (P<0.05). ECMO pre-
operation survival group lactic acid (6.46+2.70) was lower than the
death group (17.66+14.62), after operation lactic acid decreased
significantly, and after ECMO operation of the death group lactic
acid showed an increase in conductivity. During the early stage of
ECMO establishment, PT and APTT rapidly rise, while FIB decline.
The ACT of both groups of children increased in the early stages
of ECMO establishment and then gradually declined. In the ECMO
group, seven children survived to discharge, six had no neurologi-
cal developmental problems, and one had residual neurological
sequelae.

Conclusion: ECMO can be employed as a complementary sup-
portive treatment for newborns with respiratory failure, and the
oxygenation condition can be effectively improved for newborns
with respiratory failure who have failed to respond to traditional
treatment.
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Introduction

Extracorporeal Pulmonary Oxygenation (ECMO) is advanced
in vitro life support system. However, the development of
ECMO in China has been late and slow, with a modest number
of clinical cases due to china's economic growth (Faith, 2020).
In 2011, Guangdong was the first to report the use of ECMO to
treat a case of fetus fecal inhalation syndrome of newborns and
then ECMO technology in the domestic treatment of newborns.
As of January 2019, China's ECMO technology had been applied
to 89 newborns, with 33 cases (37.1%) of respiratory support,
43 cases (48.3%) of circulatory support, with survival rates of
66.7% and 37.2%, respectively [6]. Since January 2015, the Neo-
natal Unit of Zhongshan People's Hospital has used ECMO for
neonatal care and treated a total of nine critically ill newborns
by August 2021. This study retrospectively examines the critical
respiratory failure newborns treated by ECMO technology, col-
lects basic data, analyzes the treatment process and complica-
tions, and follows up with the neurodevelopment of discharged
children. It also serves as a reference for future application of
ECMO technology in critically ill newborns.

Data and Methods
Research Object Statistics

From January 2015 to August 2021, the number of cases di-
agnosed as neonatal respiratory failure in the neonatal depart-
ment of Zhongshan People's Hospital, collects basic information
on children who require ECMO support, and divides them into
ECMO and non-ECMO groups based on whether or not ECMO
support is needed. The non-ECMO group used ventilator and/
or PS therapy to evaluate case data from both groups retro-
spectively.

Data Collection

We collected the general data on the two groups of children,
including the gestational age, sex, birth weight, birth score, and
compare the complications, mortality rate, hospital stay days,
and medical expenses. Focused on the analysis of ECMO group
children's auxiliary methods, diagnosis, and treatment process,
and follow up the nervous system development of the ECMO
group of surviving children.

Statistical Methods

All collected data are analyzed using SPSS 20.0 statistical
software. The measurement data were normally tested by Sha-
piro-Wilk, the mean * standard deviation of the normal distri-
bution data, and the t-test was used to inter-group comparison.
Non-normal distribution measurements are represented by the

Table 1: Comparison of basic data for the two groups of children.

median (quartile spacing), while intergroup comparisons are
measured using the Mann-Whitney U. The count data are de-
scribed in frequency and percentage.

Results
General Information

From January 2015 to August 2021, the number of admis-
sions to the neonatal department of our hospital was 10,325,
with 433 cases (4.2%) of neonatal respiratory failure diagnosed,
in line with the ECMO support index of 21 cases (0.2%). Four-
teen (68.4%) were diagnosed with ARDS, whereas seven (31.8%)
were diagnosed with Meconium Aspiration Syndrome (MAS).

In 12 cases the signatures had rejected the ECMO support
due to economic conditions, including the non-ECMO group,
and in nine cases signatures had agreed to ECMO support and
were included in the ECMO group. In the non-ECMO group,
there were 12 cases, with eight cases of men (66.7%) and four
cases of women (33.3%). The average gestational age was 37
weeks, ranging from 34 weeks to 2 — 40 weeks to 4 weeks. The
average birth weight was 2,680 g, ranging from 2,020 g to 3,560
g, with eight survivors (66.7%) and four deaths (33.3%). The
ECMO group has nine cases, five cases for men (55.6%) and four
cases for women (44.4%). The average gestational age was 38
weeks, ranging from 34 weeks to 3 to 40 plus 5 weeks. The aver-
age birth weight was 2,887 g, with a range of 2,130 g—-3,580 g
with seven survived discharges (77.8%) and two deaths (22.2%).
The differences in sex, birth weight, gestational age, birth pat-
tern, NCIS score, Ol value, number of days in the hospital, and
incidence of intracranial bleeding were not statistically signifi-
cant (P>0.05). The average hospitalization cost for children in
the ECMO group was significantly higher than for children in the
non-ECMO group, and the difference was statistically significant
(P<0.05).

Changes in Laboratory Indicators in the Operation of ECMO

Changes in oxygenation indicators: Nine cases of ECMO in
children after the establishment of 12 h arterial blood pressure
divider (Pa02) with intravenous oxygen saturation (Sa02) were
significantly higher than before, and arterial carbon dioxide
pressure (PaC0O2) and Oxygen Index (Ol) were substantially low-
er than before, with statistically significant differences (P<0.05).

Changes in lactic acid values in ECMO operation: The sur-
vival group lactic acid before ECMO runs (6.46+2.70) was lower
than lactic acid in the death group (17.66+14.62). However, af-
ter ECMO operation, the survival group lactic acid substantially
reduced, while the death group lactic acid did not decrease sig-
nificantly and increased in conductivity.

ECMO group non-ECMO group t/z value p

Sex (men/wemen) 5/4 8/4 0.394 >0.05
Gestational age (d) 266.86+16.59 259.33+£15.08 1.012 >0.05
Birth weight (kg) 2.89+0.47 2.69+0.43 0.985 >0.05
Birth pattern (caesarean birth / eutocia) 4/5 5/7 -0.048 >0.05
NCIS score 76.2616.68 72.33+5.31 1.425 >0.05
Apgar score
1 min 7.0 (6,10) 8.5(5.5,9) -0.365 >0.05
5 min 8.0 (7,10) 9.5 (7.25,10) -1.308 >0.05
Ol value 70.71+6.02 66.92+5.58 1.391 >0.05
Hospitalizationcost (yuan/d) 5764.58 (4637.12,25129.47) 2696.28 (2299.19,4892.05) 1.683 <0.05
Hospital time (d)
Survival rate (death / survival) 21 (3,32) 26.5(2,32) -0.213 >0.05
Complication (intracranial bleeding) 2/7 4/8 -0.204 >0.05

4/9 2/12 0986 >0.05
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Table 2: Comparison of 12h oxygenation indicators before and after ECMO establishment.

Time PaO2 Sa02 PaCO2 ol
before ECMO 32.1+3.34 27.43+4.12 83.29+4.15 70.71+6.02
12h after ECMO 84.+10.95 95.00+4.93 40.57+4.86 14.71+6.10
t/z -12.082 -27.824 17.680 17.286
p <0.05 <0.05 0.001 <0.05

Table 3: Lactic acid changes after ECMO operation.
Time (h) / Num 0 1 ‘ 6 ‘ 12 ‘ 18 ‘ 24 ‘ 48 ‘ 72 ‘ 96 ‘ 120 ‘ 144 ‘ 168 ‘ 192
Survival Group
2 8.34 13.45 8.38 5.37 2.28 | 3.34 | withdraw
3 3.92 3.47 3.09 3.07 1.57 | 1.06 0.92 withdraw
4 3.29 2.98 2.12 1.78 1.13 1.01 1.29 withdraw
6 7.41 3.25 2.64 1.89 1.72 | 153 1.24 1.07 0.94 0.52 | 0.21 0.43 withdraw
7 9.34 4.72 3.97 231 1.78 | 1.03 0.59 0.33 withdraw
8 8.63 7.52 7.21 6.53 3.25 1.27 0.35 withdraw
9 9.57 13.54 10.85 8.63 821 | 7.24 6.23 5.24 2.87 0.45 withdraw
Death group
1 7.32 15.34 16.23 | 2216 2232 - - - - - - - -
5 28 23.45 33.61 30 32 | 367 - - - - - - -
Table 4: Change of plasma clotting enzyme original time (PT/s) after ECMO runs.
Time (h) / Num o 1 6 12 18 24 48 72 9% | 120 144 168 192
Survival group
2 15 66.7  75.3 | 416 12.4 11.4 withdraw
3 29.8 73.8 | 624 324 135 14.7 12.9 withdraw
4 23.2 89.7 | 62.3 | 42.8 | 23.2 12.3 10.6 withdraw
6 17.4 549 649 541 13.9 12.8 15.84 13.96 12.5 15.28 13.6 10.6 | withdraw
7 34.2 65.8 504 481 13.4 13.8 111 12.3 withdraw
8 38.6 78.2 | 65.8 43.2  38.2 28.1 12.5 withdraw
9 40.5 89.5 | 78.5 | 70.5 65.2 52.7 42.5 315 28.4 12.5 | withdraw
Death group
1 35.1 70.5 688 76.6 783 - - - - - - - -
5 27.8 108 | 72.9 | 96.1 | 102.7 96.5 - - - - - - -
Table 5: Change of Activation of part of the clotting enzyme time (APTT/s) after ECMO runs.
Time (h) / Num ‘ 0 1 6 12 18 ‘ 24 ‘ 48 72 96 ‘ 120 ‘ 144 ‘ 168 ‘ 192
Survival group
2 46.5 113.4 53.7 37.2 20.1 12.7 | withdraw
3 35.4 98.2 53.7 64.2 56.7 30.5 12.2 withdraw
4 32 152.3 50.6 59.1 50.3 45.2 20.1 withdraw
6 54 129 106.3 126.2 116.3 50.6 53.1 45.7 49.2 294 26.1 13.2 | withdraw
7 21 107 87 54.3 38.3 39 253 10.3 withdraw
8 35 125 112 85 53.8 25.6 15.2 withdraw
9 46 132 124 105.6 85.4 65.5 52.6 47.8 32.7 12.5 | withdraw
Death group
1 52.2 107 111.5 98.3 100.2 - - - - - - - -
5 27.8 108 82.9 96.1 102.7 96.5 - - - - - - -
Table 6: Change of Activation of Fibrinogen (FIB/g/L) after ECMO runs.
Time (h) / Num ‘ 0 ‘ 1 ‘ 6 ‘ 12 ‘ 18 ‘ 24 ‘ 48 ‘ 72 ‘ 96 ‘ 120 ‘ 144 ‘ 168 ‘ 192
Survival group
2 1.7 1.33 2.35 2.48 2.12 2.7 withdraw
3 1.98 13 1.14 1.87 2.3 1.24 2.14 withdraw
4 1.35 0.96 1.19 1.56 1.59 2.47 2.1 withdraw
6 2.11 0.52 1.87 1.55 2.35 3.88 3.58 2.68 2.57 1.69 2.84 2.11 | withdraw
7 2.68 0.98 1.41 0.95 1.09 0.87 0.84 1.61 withdraw
8 1.85 1.02 231 2.57 2.65 3.02 2.01 withdraw
9 1.65 1.06 2.41 2.68 3.52 3.96 2.23 2.02 1.96 1.53 | withdraw
Death group
1 2.47 0.68 0.89 1.12 1.47 - - - - - - - -
5 3.8 0.97 19 3.1 2.7 6.5 - - - - - - -
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Table 7: Change of Activation of the clotting enzyme time (ACT/s) after ECMO runs.

Time (h) / Num ‘ 0 ‘ 1 ‘ 6 ‘ 12 ‘ 18 ‘ 24 ‘ 48 ‘ 72 ‘ 96 ‘ 120 ‘ 144 ‘ 168 ‘ 192

Survival group

2 176 245 233 197 214 175 | withdraw

3 154 276 249 200 204 193 164 withdraw

4 184 201 224 196 206 195 184 withdraw

6 167 199 201 235 226 218 198 204 194 185 182 179 | withdraw

7 186 194 187 194 167 183 185 174 withdraw

8 153 251 203 185 175 170 169 withdraw

9 186 298 276 245 217 186 174 173 167 162 | withdraw
Death group

1 186 276 230 219 203 - - - - - - - -

5 219 254 207 195 234 245 - - - - - - -

Changes in the function indicator of clotting during ECMO
operation (Table 4 — Table 7): ECMO is established after the
child’s clotting enzymes, Prothrombin Time (PT), and Activat-
ed Partial Thromboplastin Time (APTT) are quickly elevated.
Through blood plasma infusion, adjustment is made to the
gradual decrease in the amount of heparin. Fibrinogen (FIB)
and Platelet count (PLT) decline in the early stages of ECMO es-
tablishment, but infusions of FIB, PLT, and ECMO begin to rise
once the system is stabilized. Activated clotting time (ACT) at
the beginning of ECMO establishment, they all increased with
the adjustment of heparin dosage, ACT decrease by degree. The
survival group stabilized at 160 — 200S after ECMO-assisted 24
h.

Neurological Development in Surviving Children in the
ECMO Group

The ECMO group had seven children who survived discharge,
five were followed up for more than one year, and two were
tracked until May. Five cases after discharge one-month out-
patient check brain MRI, two cases suggest neonatal ischemic
isoxyoxic encephalopathy (HIF), three cases suggest a small
amount of cobweb sub-cavity bleeding, after reviewing the
cranial brain MRI prompt lesions absorption, growth, and de-
velopment similar to the same age children, no residual neuro-
logical sequelae. One case of ECMO evacuation after one week
to check the cranial brain, MRI prompts the two-sided top pil-
low under the epidural, a little bleeding under the small brain
screen, the left forehead scalp under the huge hematoma, dur-
ing the hospital by pediatric surgery consultation scalp hema-
toma puncture extraction after the scalp hematoma reduced
recovery. One month after discharge from the hospital, an
outpatient review of cranial brain MRI revealed the left fron-
tal cortex missing the residual obsolete hematoma, and the left
temporal lobe was considered to have micro-bleeding or iron-
containing hemoglobin composure. Children found not to rise
in April, with mental movement stunting for more than half a
month, grew and developed similarly to children of the same
age after receiving the regular exercise rehabilitation treatment
at our hospital. In one case after discharge, a one-month outpa-
tient cranial brain MRI showed left basal section softening with
brain atrophy. The child is now three years old, with a stable
language development; however, this child can only pronounce
monophonic words, such as mom and dad, but cannot express
their own ideas. The child’s sports development is stable; they
can sit and stand on their own, but cannot walk, leaving neuro-
logical sequelae behind.

Discussion

Incidence of a Disease and Morbidity

Since 1976, when Robert Bartlett reported that ECMO was
used to treat 13 critically ill newborns, ECMO has gradually
been utilized to treat critical clinical conditions, and over 40,000
critically ill newborns have been treated with it. By January
2019, ELSO reported 41,701 severely ill newborns worldwide
using ECMO therapy, accounting for 36.1% of the ECMO regis-
trations, with a survival rate of about 66%. The ECMO in China
now reports 89 cases of treatment of newborns, accounting for
2.3% of all cases [2]. Although domestic ECMO started late, and
the number of studies on neonatal ECMO has reported fewer
cases, the current reported number of neonatal samples is 33
cases, with the total survival rate of 52% [2]. The incidence of
respiratory failure in newborns in this unit is about 4.2%, which
is lower than reported at home and abroad [4,14]. The survival
rate of children in the ECMO group was higher than that of the
non-ECMO group in this study, but the difference was not statis-
tically significant, and the analysis may be related to the neona-
tal cases of the unit. Due to the small number of cases included
in the study and the use of ECMO for invasive operations, cost,
and other factors, some of the ECMO-assisted children's fami-
lies signed a request for conservative treatment, so that the
number of cases included in the study is small, and hence the
survival rate is relatively high. It is hoped that more research
will continue to be increased in the later stages to increase the
number of clinical cases.

The clotting indicator ECMO line is a foreign body relative to
the human body. Blood contact with exogenous foreign bod-
ies easily activates the human blood clotting system, so ECMO
during the operation of the conventional use of heparin antico-
agulant [7]. ACT is often used in clinical settings to assess hepa-
rinization, while small dose heparin pumps are used to maintain
ACT at 160 — 200S. According to the findings of this study, the
ACT value of two groups of children increased when ECMO was
established, and the ACT value progressively stabilized with the
adjustment of heparin dosage. The ACT value of children in the
survival group stabilized at 24 h after ECMO was established
and was generally maintained at 160 — 200S, with the amount
of heparin was adjusted based on the ACT value after ECMO op-
eration in the death group. However, the ACT failed to adjust to
a safe level, and the analysis may be related to the child’s severe
clotting dysfunction caused by the whole-body infection. There-
fore, ECMO should monitor the ACT every 1 —2 h during opera-
tion and promptly adjust the amount of heparin. According to
the ACT to remain within the standard range. Fibrinogen (FIB)
is initially reduced in ECMO due to the activation of the clot-
ting system after blood interaction with foreign bodies, the high
consumption of fibrin, and the dilution of blood pre-charging.
However, as the cell and protein compositions activated and
promoted each other, finally the clotting-anticoagulant balance
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tend to promote coagulation system, FIB gradually increased
[3], this study also confirmed this, FIB in ECMO established an
initial decrease, to ECMO operation after 6 h began to rise, FIB
increased suggests that the blood is in a high coagulation state,
and ECMO during the operation of the use of heparin antico-
agulant, further promote the blood in a high coagulation state.
Therefore, ECMO operation must maintain a balance of clotting
function, prevent blood clots and bleeding, and reduce the for-
mation of complications [11].

Changes in lactic acid: Several adult studies have shown that
hyperlactic acidemia prior to ECMO suggests that patients have
a higher risk of death. Furthermore, the changes in lactic acid
values after ECMO operation are also prognostic factors affect-
ing ECMO [8]. This study shows that pre-run lactic acid values
(6.1) in the ECMO survival group 46+2.70) were lower than that
of the death group (17.66+14.62), and the lactic acid value de-
creased substantially after operation. However, the lactic acid
value decreased significantly after the ECMO operation of the
death group and showed an increase in conductivity. The analy-
sis may be related to persistent hypoxemia and low perfusion
status. Lactic acid is a byproduct of anaerobic respiratory me-
tabolism in cells, and its concentration of lactic acid reflects the
body's tissue perfusion state and oxygen metabolism level [1].
Various causes lead to neonatal respiratory failure, body tissue
cells in the hypoxia and low perfusion state, and an increase in
blood lactic acid concentration. There is also literature showing
that the concentration of lactic acid in the blood before ECMO
was established was an independent predictor of mortality in
Intensive Care Units (ICUs) [13]. Therefore, strictly grasp the
ECMO applied to neonatal respiratory failure indications and
contraindications at the same time, and closely monitor the
changes in blood lactic acid levels, can be used as an indicator
to judge the prognosis.

Long-term forward watch: Since ECMO is an invasive opera-
tion, and a range of nervous systems can be left behind. The
mechanisms that cause neurological sequelae may be disrupt-
ed by the automatic regulation of the brain and the irregular
flow of blood in the brain, and the damage to the brain may
be caused by inflammatory reactions and their own immune
responses (Ortega, 2019). Studies have shown that about 50%
of children treated with ECMO leave behind varying degrees of
neuro developmental abnormalities [12], with cognitive impair-
ment being the most important. The hospital survived the dis-
charge of seven cases of children, two cases of cranial brain MRI
prompted newborn ischemic hypoxic encephalopathy (HIF), two
cases suggested a small amount of cobweb sub-cavity bleeding,
but the review of cranial brain MRI suggests that lesions have
been basically absorbed, the current growth and development
of children of the same age, no residual neurological sequelae,
and literature reports do not match. In one case, ECMO evacua-
tion after one week to check the brain MRI prompt intracranial
bleeding, April was found not rising, and slow mental motor de-
velopment slow for more than half a month. However, by the
regular exercise rehabilitation treatment growth and develop-
ment of my hospital is similar to that of children of the same
age. One case of children discharged from the hospital one
month after checking the brain MRI prompt left basal section
softening with brain atrophy, the current child three-year-old,
language development can pronounce monophonic and called
father, mother and other simple repetitive words, cannot ex-
press their own ideas. The development of the child” motor de-
velopment is stable, the child can sit and stand on their own,
but cannot walk, leaving behind the after-effects of the nervous

system. Active and effective neural motor intervention can im-
prove the reduction of long-term neurological complications in
children.

To sum up, ECMO is an effective treatment method for incur-
able respiratory failure in newborns, but there are many central
nervous system complications. Furthermore, it is necessary to
follow up the development of the nervous system closely and
intervene in time to improve the prognosis.
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