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Risk factors for intracranial hemorrhage and mortality in adult
patients with severe respiratory failure managed using veno-venous
extracorporeal membrane oxygenation
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Abstract

Background: Intracerebral hemorrhage (ICH) is one of the most severe complications during veno-venous extracorporeal membra}
oxygenation (VV-ECMO). This study aimed to determine the risk factors for ICH and mortality in such patients.

Methods: We analyzed the clinical data of 77 patients who received VV-ECMO due to severe respiratory failure from July 2013 to
May 2019 at China-Japan Friendship Hospital. Demographical data, laboratory indices, imaging characteristics, and other clinical
information were collected. Multivariable logistic regression analyses were performed to identify risk factors for ICH and mortality.
Results: Of 77 patients, 11 (14.3%) suffered from ICH, and 36 (46.8 %) survived. The survival rate was significantly lower (18.2%
[2/11] vs. 51.5% [34/66], P =0.040) in patients with ICH than in those without ICH. Multivariable analysis revealed that factors
independently associated with ICH were diabetes mellitus (adjusted odds ratio [aOR]: 12.848, 95 % confidence interval [CI]: 1.129-
146.188, P=0.040) and minimum fibrinogen during ECMO (aOR: 2.557, 95% CI: 1.244-5.252, P=0.011). Multivariable
analysis showed that factors independently associated with mortality were acute hepatic failure during ECMO (aOR: 9.205, 95%
CIL: 1.375-61.604, P=0.022), CO, retention before ECMO (aOR: 7.602, 95% CI: 1.514-38.188, P=0.014), and minimum
platelet concentration during ECMO (aOR: 0.130, 95% CI: 0.029-0.577, P=0.007).

Conclusions: Diabetes mellitus and minimum fibrinogen concentration during ECMO are risk factors for ICH in patients with
severe respiratory failure managed using VV-ECMO. This indicated that anticoagulants use and nervous system monitoring should
be performed more carefully in patients with diabetes when treated with VV-ECMO due to severe respiratory failure.
Keywords: Veno-venous extracorporeal membrane oxygenation; Severe respiratory failure; Intracranial hemorrhage; Mortality;
Risk factors

Introduction Few studies have specifically focused on ICH during VV-
ECMO support for adults with SRF. Therefore, in this
study, we explored the risk factors for ICH and mortality
in such patients.

In recent years, the use of extracorporeal membrane
oxygenation (ECMO) has become more common in
clinical settings, and veno-venous ECMO (VV-ECMO)
is used mainly for severe respiratory failure (SRF) caused  Methods

by reversible disease or in patients waiting for lung

transplantation.!'*! Although the technology has been  Enjcal approval

improving year by year, mortality remains high among ) ) )

ECMO patients, and neurological complications, especial- ~ This study was conducted in accordance with the Declara-
ly intracerebral hemorrhage (ICH), are one of the main  tion of Helsinki and approved by the Ethics Committee of
causes Of death.[3’4] The prevalence Of VV-ECMO- the China—]apan Friendship Hospital (NO. 2015—5T—4).The
associated ICH ranges from 3.5%"! to 16.4%.!°! During ~ requirement for informed consent was waived.

the outbreak of HIN1 influenza in 2009, the most .

common reason for death in patients supported with Subjects

ECMO in Australian and 1\3%‘” Zealand intensive care e identified patients admitted to the 4th Department of
units (ICUs) was ICH (6/14). Pulmonary and Critical Care Medicine of the China-Japan
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Friendship Hospital and supported with VV-ECMO for
SRF from July 2013 to May 2019. The clinical indications
of VV-ECMO for SRF included a ratio of partial pressure
of arterial oxygen (PaO,) to the fraction of inspired oxygen
(FiO;) <50 mm Hg for >3 h, Pa0,:FiO, <80 mm Hg for
>6 h, or an arterial blood pH <7.25 with a partial pressure
of arterial carbon dioxide (PaCO;) >60 mm Hg for >6 h,
with the respiratory rate increased to 35 breaths per minute
and mechanical-ventilation settings adjusted to maintain
a plateau pressure of <32cm H,O despite ventilator
optimization (defined as FiO, >0.80, a tidal volume of
6 mL/kg predicted body weight, and a positive end-
expiratory pressure of >10cm H,O). Patients were
excluded for the following conditions: being supported
with veno-arterial (VA) or veno-veno-arterial or veno-
arterial-venous-ECMO; being supported with VV-ECMO
for lung transplantation or other surgery; or being
managed with low-flow extracorporeal carbon dioxide
(CO,) removal.

Data collection

We collected and analyzed the following data: demo-
graphics; protopathy; complications; arterial blood gas
analysis sampled 2 h before and after ECMO treatment
(where multiple arterial blood gases were tested within 2 h,
the test closest to the time of ECMO onset was selected);
anticoagulation and fibrinolysis indices (including activat-
ed partial thromboplastin time [APTT], prothrombin time,
fibrinogen, and D-Dimer, which were tested every 4-6 h
during  ECMO); complications during ECMO; and
prognosis. The ECMO period was defined as the period
from the beginning of ECMO up to the diagnosis of ICH,
or up to withdrawal of ECMO, for patients without ICH.
Survivors were defined as those who survived until hospital
discharge. CO, retention was defined as PaCO, >50
mmHg. Acute hepatic failure was defined as total bilirubin
>102 pmol/L in a patient without pre-existing liver
disease. Change in arterial pH post-ECMO was defined as
the pH value measured during arterial blood gas analysis
within 2 h after ECMO minus the pH value measured
during arterial blood gas analysis within 2 h before
ECMO. Change in PaO, post-ECMO and change in
PaCO, post-ECMO were defined in the same way as
change in arterial pH post-ECMO. The diagnosis of
diabetes was based on the patient’s medical history. The
presence of ICH was determined by computed tomography
(CT) of the head. All scans were reviewed by a radiologist
for confirmation of diagnosis and categorization of
hemorrhage.

Establishment and management with ECMO

All patients were treated using percutaneous, single-site,
double-lumen catheterization. For drainage, a 21F cannula
was placed in the femoral vein, and for return, a 17F
cannula was placed in the jugular vein. All patients
received an intravenous injection of 2000 to 3000 IU
unfractionated heparin during ECMO catheterization
according to coagulation indicators and body weight.
The ECMO pump was maintained until the APTT reached
50 to 70 s. During ECMO treatment, APTT was measured
every 6 to 8 h. If the platelet concentration was lower than
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60 x 10°/L, platelet transfusion was performed. Erythro-
cytes were transfused intermittently to maintain a
hemoglobin concentration above 90 g/dL, and the
fibrinogen concentration was maintained at a minimum

of 2 g/L.

During ECMO treatment, neurological symptoms and
signs were monitored regularly, patients were awakened
every day, and their pupils were observed every two hours.
When there were clinical indications of ICH, heparin
transfusion was stopped, and CT of the head was
performed within 3 h.

Statistical analysis

IBM SPSS Statistics for Macintosh, Version 20.0 (IBM
Corp., Armonk, NY, USA) was used for data analysis.
Categorical variables were described as frequencies and
percentages, while continuous variables were presented as
means and standard deviations or median (Qq, Qj).
Categorical variables were compared with the Chi-squared
test or Fisher exact test, where appropriate. Continuous
variables were compared using Student’s ¢ test once
normality was demonstrated; otherwise, the nonparamet-
ric Mann—Whitney U test was performed.

Univariable and multivariable logistic regression analyses
were performed to identify variables predictive of ICH and
mortality (dependent variables). Variables with a P value
<0.05 upon univariable analysis were included in a
multivariable, logistic, backward stepwise model. For all
analyses, a two-tailed P < 0.05 was defined as a statisti-
cally significant result.

Results

Patient characteristics

Overall, we identified 309 patients supported with ECMO
from July 2013 to May 2019, of which 33 received VA-
ECMO, and 199 received ECMO for lung transplantation
and other surgical reasons. As there was a remarkable
difference in the anticoagulant regimen for perioperative
patients of lung transplantation and patients with SRF
due to other reasons, we excluded the former [Figure 1].
Ultimately, we included 77 patients with SRF managed
with VV-ECMO. Of these, 11 (14.3%) suffered from ICH
and 36 (46.8%) survived [Table 1].

We discovered statistically significant differences between
the ICH and non-ICH groups in terms of median
(interquartile range) pre-ECMO platelet count (102.0
[91.0, 131.5] x 10°/L vs. 155.5 [103.2, 229.2] x 10°/L,
U=222.0, P=0.040); maximal bilirubin (24.3 [11.7,
76.4] pmol/L vs. 56.4 [27.4, 124.7] wmol/L, U=219.0,
P =0.036) and creatinine (204.6 [181.5, 352.3] wmol/L vs.
130.4 [82.0, 190.9] pmol/L, U=186.0, P=0.010)
concentrations during ECMO; minimum fibrinogen con-
centration during ECMO (3.11 [2.50, 4.44] g/L vs. 1.56
[1.16,2.58] g/L, U=110.5, P < 0.001); Acute Physiology
and Chronic Health Evaluation II (24.0 [22.5, 28.0] vs.
19.0 [16.0, 24.8], U=198.5, P=0.016) and sequential
organ failure assessment (12.0 [6.5, 13.0] vs. 8.0 [5.0, 9.0],
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309 Patients supported with ECMO

33 Patients supported
with V-A ECMO
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276 Patients supported with V-V ECMO

199 Patients supported with V-V ECMO for
lung tr: ion and other surgical
reasons
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77 Patients supported with V-V ECMO for SRF

! !

11 Patients 66 Patients did not
suffered from ICH suffer from ICH

Figure 1: Inclusion and exclusion of patients in this study. ECMO: Extracorporeal
membrane oxygenation; ICH: Intracerebral hemorrhage; SRF: Severe respiratory failure; V-A
ECMO: Veno-arterial ECMO; V-V ECMO: Veno-venous ECMO.

U=224.5, P=0.042) scores at ICU admission; duration
of ECMO support (4.0 [2.5, 6.5] days vs. 14.5 [9.0, 27.0]
days, U=92.5, P < 0.001); percentage of diabetes mellitus
(63.6% ws. 15.2%, P=0.002) and fungal pneumonia
(54.5% vs. 21.2%, P=0.029); and survival (18.2% wvs.
51.5%, P =0.040). There were also statistically significant
differences between the non-survival and survival groups
in terms of prior duration of mechanical ventilation before
ECMO (3.0 [1.0, 8.0] days vs. 1.0 [0.0, 3.0] days,
U=510.0, P=0.018); minimum platelet concentration
during ECMO (33.0 [21.0, 64.5] x 10%/L vs. 65.5 [43.8,
108.0] x 10°/L, U= 365.5, P <0. 001); maximal bilirubin
(109.0 [24.4, 180. 9] meol/L vs. 33.7 [24.1, 76.2] pmol/L,
U=539.5, P=0.043), creatinine (117.0 [62.0, 256.5]
pmol/L ws. 92.0 [62.0, 205.5] wmol/L, U=527.0,
P=0.031) concentrations and APTT time (88.3 [74.4,
140.0] s vs. 116.8 [94.3, 148.4] 5, U= 528.5, P=0.032)
during ECMO; duration of ECMO support (11.0 [4.0,
17.0] days vs. 15.5 (9.0, 33.0] days, U=486.5, P=0.010);
incidence of CO, retention before ECMO (78.0% uvs.
52.8%, x>=5.474, P=0.019); and incidence of acute
kidney injury (AKI, 78.0% wvs. 55.6%, x*>=4.423,
P =0.035), continuous renal replacement therapy (contin-
uous renal replacement therapy [CRRT], 68.3% uws.
27.8%, x*=12.588, P <0.001), acute hepatic failure
(39.0% vs. 8.3%, P 0.002), and platelet transfusion
(56.1% vs. 25.0%, x*=7.633, P=0.006) during ECMO.

Clinical features in patients with ICH

On average, ICH occurred 4.3 days (range, 1-10 days)
after ECMO was initiated. The clinical manifestations of
suspected ICH included mydriasis (two patients), confu-
sion (four patients), anisocoria (three patients), coma (two
patients), and hemiplegia (one patient). Upon physical
examination, seven patients exhibited a unilaterally or
bilaterally positive Babinski sign, and four exhibited a
negative Babinski sign.

All 11 cases of ICH were confirmed via CT of the head.
Nine patients exhibited multiple parenchymal hemor-
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rhages (five of them combined with subarachnoid
hemorrhage) and one patient exhibited a single parenchy-
mal hemorrhage. Six patients exhibited subarachnoid
hemorrhage, and one patient exhibited subdural hemor-
rhage (combined with subarachnoid hemorrhage). Six
patients exhibited more than one type of hemorrhage upon
CT. The patient who survived was the one who exhibited
only a single parenchymal hemorrhage on CT of head.

In total, nine of the 11 ICH patients died within one week
after the diagnosis of ICH, and the other one patient was in
a vegetative state and died one year later. Only one patient
finally survived and recovered.

Risk factors for ICH

Diabetes mellitus (odds ratio [OR]: 9.800, 95% confidence
interval [CI]: 2.415-39.766, P =0.001), fungal pneumo-
nia (OR: 4.457, 95% CI: 1.184-16.778, P=0.027),
minimum fibrinogen concentration during ECMO (OR:
2.781, 95% CI: 1.521-5.085, P =0.001), change in post-
ECMO platelet concentration (OR: 1.015, 95% CIL
1.001-1.029, P=0.032), and peak creatinine concentra-
tion during ECMO (OR: 1.008, 95% CI: 1.002-1.014,
P =0.007) were statistically significantly associated with
ICH in the univariable logistic regression analyses. Among
these variables, only diabetes mellitus (adjusted odds ratio
[aOR]: 12.848, 95% CI: 1.129-146.188, P =0.040) and
minimum fibrinogen concentration during ECMO (aOR:
2.557,95% CI: 1.244-5.252, P =0.011) were risk factors
for ICH in the multivariable analysis [Table 2].

Risk factors for mortality

Acute hepatic failure (OR: 7.040, 95% CI: 1.847-26.834,
P =0.004), CRRT (OR: 5.600, 95% CI: 2.097-14.954,
P =0.001), platelet transfusion during ECMO (OR: 3.833,
95% CI: 1.446-10.157, P =0.007), CO, retention before
ECMO (OR: 3.181, 95% CI: 1.185-8.540, P=0.022),
minimum platelet concentration during ECMO (OR:
0.976,95% CI: 0.963-0.990, P = 0.001) were significantly
associated with mortality in the univariable logistic
regression analyses. Among these variables, acute hepatic
failure during ECMO (aOR: 9.205, 95% CI: 1.375-
61.604, P=0.022), CO, retention before ECMO (aOR:
7.602,95% CI: 1.514-38.188, P =0.014), and minimum
platelet concentration during ECMO (aOR: 0.130, 95%
CI: 0.029-0.577, P = 0.007) were risk factors for mortality
in the multivariable analysis [Table 3].

Discussion

ICH is one of the most severe complications during the
ECMO treatment period. It may be caused by pre-ECMO
factors such as hypoxia, reperfusion injury when establish-
ing ECMO, the cascade reactions due to the ECMO pipeline
and membrane lung, and coagulatlon dlsorders due to
mechanical injury by the blood pump.!®”! Currently, there
are only a few studies spec1ﬁcally analyzing risk factors for
ICH during VV-ECMO in adults. Nasr and Rabinstein!’!
published the findings of a large clinical study including
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Table 2: Univariable and multivariate logistic regression analyses of risk factors for intracerebral hemorrhage in adult patients with severe
respiratory failure managed using veno-venous ECMO.

Univariate analysis Multivariate analysis
Variables OR 95% CI P OR 95% CI P
Diabetes 9.800 2.415-39.766 0.001 12.848 1.129-146.188 0.040
Fungal pneumonia 4.457 1.184-16.778 0.027 7.420 0.618-89.057 0.114
Minimum fibrinogen during ECMO 2.781 1.521-5.085 0.001 2.557 1.244-5.252 0.011
Change in post-ECMO platelet concentration 1.015 1.001-1.029 0.032 0.962 0.925-1.001 0.056
Peak creatinine concentration during ECMO 1.008 1.002-1.014 0.007 1.007 0.998-1.015 0.116

CL: Confidence interval; ECMO: Extracorporeal membrane oxygenation; OR: Odds ratio.

Table 3: Univariate and multivariate logistic regression analyses of risk factors for ICU mortality in adult patients with severe respiratory failure
managed using veno-venous ECMO.

Univariate analysis Multivariate analysis
Variables OR 95% Cl P OR 95% Cl P
Acute hepatic failure during ECMO 7.040 1.847-26.834 0.004 9.205 1.375-61.604 0.022
CRRT 5.600 2.097-14.954 0.001 1.006 0.998-1.015 0.151
Platelet transfusion 3.833 1.446-10.157 0.007 1.028 0.996-1.062 0.090
CO, retention before ECMO 3.181 1.185-8.540 0.022 7.602 1.514-38.188 0.014
Minimum Platelet during ECMO 0.976 0.963-0.990 0.001 0.130 0.029-0.577 0.007

CI: Confidence interval; CO,: Carbon dioxide; CRRT: Continuous renal replacement therapy; ECMO: Extracorporeal membrane oxygenation; ICU:
Intensive care unit; OR: Odds ratio.

23,951 ECMO patients, and the rate of ICH was 3.6%.  conditions of patients with ICH were initially more severe
However, their study included adults, children, and infants,  than those without ICH. This result was in agreement with
and they did not distinguish between VV- and VA-ECMO.  thatin the study by Lockie ez al.'°! A couple of authors have
In the study by Lockie et al,'®! of patients with SRF treated  suggested that renal insufficiency before ECMO may be a
with VV-ECMO, the rate of ICH was 16.4%. Accordingto  risk factor for ICH during ECMO.*?! Luyt e al®! also
aliterature review conducted by Luyt ez al,'” therate of ICH  revealed that the rapid correction of hypercapnia before
during ECMO ranges from 2% to 12%, and the average  and after ECMO may be a risk factor for ICH during VV-
value is approximately 5%. In our study, the rate of ICH = ECMO. These two risk factors were also analyzed in our
was 14.3%. study, but no statistically significant differences were
observed.
We discovered that diabetes mellitus was a risk factor for ICH
during ECMO. Hyperglycemia and insulin resistance, related ~ Anticoagulation treatment during ECMO may result in
to diabetes, may result in impaired vascular endothelial  coagulation impairment, which may, in turn, lead to
function and a decrease in endothelium-dependent vasodila- ~ ICH.!"®'"! As reported by Kasirajan et al,!'®! 14 out of 74
tion, which is one of the early factors involved in VA-ECMO patients developed ICH, which was indepen-
vasculopathy."®"] Moreover, diabetes damages the endo-  dently associated with a decrease in platelets. Our results
thelial environment, releases various proinflammatory  indicated that minimum fibrinogen concentration during
factors, and causes oxidative stress and low-grade chronic =~ ECMO was a risk factor for ICH. ICH often occurs in the
inflammation, forming a vicious circle that further aggravates  early stages of ECMO, and the average ECMO period
vascular disease.l'” The change in inflammatory factors is  before ICH was 4.3 days in our study. This may be related
more obvious among non-elderly patients, and itincreasesthe  to the pipe stimulation that actively releases inflammatory
risk of cardiovascular complications independently of age."®!  factors at the beginning of ECMO establishment, resulting
Thus, diabetes can speed up vascular aging in multiple ways,  in a coagulation imbalance, i vivo and in vitro.
which increases the risk of ICH threefold."*'S! During
ECMO, the use of anticoagulants may further increase this ~ ICH is widely acknowledged to increase the mortality and
risk. Therefore, we suggest an appropriate lowering of the  disability rates of ECMO patients.""”! From data reported
anticoagulation target for diabetes patients receiving ECMO,  to the Extracorporeal Life Support Organization registry,
and an increased monitoring of nervous system signs. the hospital survival of ICH patients was 10.5%,'*! and in
our study, the hospital survival was 18.2%. Baek et all**!
In this study, the Acute Physiology and Chronic Health  found that age, use of nitrogen oxide and pH were
Evaluation II and sequential organ failure assessment  significant independent prognostic factors for hospital
scores of patients with ICH were higher than in those  mortality in patients with VV-ECMO. Data from the
without ICH at ICU admission, which indicated that the = Montefiore Medical Center indicated that renal injury and
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coagulation dysfunction were independent risk factors
for 30-day mortality in ECMO patients.?" In our study,
acute hepatic failure during ECMO, CO, retention before
ECMO, and minimum platelet concentration during
ECMO were risk factors for mortality.

Our research also has certain limitations. First, this study
was limited by its retrospective nature and small sample
size. Second, other anticoagulant indexes, such as platelet
function and changes during ECMO, were not measured.
Third, most of our patients received blood products, but
their impact on ICH and mortality was not included in the
analysis. To further investigate the risk factors for ICH, we
are in the process of conducting a prospective, randomized
controlled trial, in which we are including more compre-
hensive parameters.

In conclusion, ICH occurred frequently in SRF patients
managed with VV-ECMO, and was associated with a
higher mortality. Diabetes mellitus and minimum fibrino-
gen concentration during ECMO are risk factors for ICH.
This indicated that anticoagulants use and nervous system
monitoring should be performed more carefully in patients
with diabetes treated with VV-ECMO due to SRF.
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