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Be Patient: Prolonged Extracorporeal Membrane
Oxygenation Support Including Full System
Switch With Favorable Outcome
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Abstract

Despite tremendous advances in treatment, acute respiratory distress
syndrome (ARDS) remains a disease with high mortality (42-48%).
Veno-venous extracorporeal membrane oxygenation (VV-ECMO) is
often used as a last treatment option, which poses complex problems
for the treatment team, especially with prolonged ECMO support. We
report an interesting case of a 40-year-old female patient who devel-
oped influenza pneumonia leading to ARDS and subsequently requir-
ing ECMO. Due to severe clotting complications, a prolonged ECMO
run time with numerous filter changes was required. After a total of
56 days of ECMO therapy, the patient was successfully weaned. For-
tunately, further in the course of treatment, complete recovery with
restitutio ad integrum was achieved. A distinguishing feature of this
case report is the description of a complete ECMO system change
and the concurrent use of two ECMO systems for the same patient.
Additionally, we provide data on the patient’s current health-related
quality of life as measured using the World Health Organization Dis-
ability Assessment Schedule 2.0.
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Introduction

Acute respiratory distress syndrome (ARDS) is a life-threat-
ening disease, and identifying the underlying cause is crucial
for successful treatment [1]. Despite tremendous progress in
the treatment of ARDS, the mortality rate (42-48%) remains
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high [2]. The use of veno-venous extracorporeal membrane
oxygenation (VV-ECMO) is a recognized treatment option
for severe ARDS, including respiratory failure due to viral
pneumonia, such as influenza infection [3]. An analysis of pa-
tients with severe ARDS under ECMO therapy conducted by
the Extracorporal Life Support Organization in 2009 showed
a survival rate of 50% to hospital discharge [4]. Similar re-
sults were obtained in the CESAR trial and a Danish study
by Lindskov and colleagues [5, 6]. However, both studies as-
sessed relatively short treatment intervals of VV-ECMO sup-
port of up to 9 days. Although the benefits of such temporary
use of ECMO to bridge the time until sufficient pulmonary
recovery are widely accepted, uncertainty remains about the
outcomes of patients requiring long-term ECMO therapy [7].
Here prolonged ECMO therapy is defined as a run time > 28
days [8]. Moreover, data from our institutional database col-
lected from over 450 VV-ECMO runs indicate our institution
has a median duration of 15 days. Hence, the case described
here has a significantly longer ECMO duration compared with
both that in the literature and in the regular case distribution
at our institution. Apart from the planning and maximum im-
plementation of complex intensive care therapy, the treatment
team was also confronted with the ethical question on the deci-
sion to continue or withdraw ECMO support, especially if no
signs of clinical recovery could be observed despite exhaustive
intensive care treatment. We describe the case of a 40-year-old
female patient undergoing prolonged ECMO therapy with the
rarely reported feature of a complete ECMO circuit change,
including the complete exchange of the ECMO cannulas dur-
ing ongoing therapy.

Case Report

Investigations

We describe the rare circumstances of a 40-year-old female
patient without preexisting health conditions who developed
viral influenza pneumonia leading to ARDS and requiring
ECMO.

The initial treatment took place at home. Antibiotic thera-
py was also started there but was discontinued within less than
a week by the family’s general practitioner. The anamnestic
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Figure 1. Computed tomography (CT) images during intensive care unit therapy. Chest CT imaging of a 40-year-old patient with
marked bilateral influenza pneumonia apically accentuated (a). In the 2-week course, increase of bipulmonary infiltrates with
definable consolidations on both sides (b). Another 2 weeks later, further progression of bilateral infiltrates/consolidations in the
setting of acute respiratory distress syndrome following influenza pneumonia involving the bilateral lungs and delineable bronchi-
ectasis (c). In the 3-month follow-up, almost complete regression of ubiquitous pneumonic infiltrates with only residual reticular

drawing proliferation in the bilateral upper lobes (d).

information about the preparation used could not be obtained.
Due to progressive pulmonary deterioration, the patient was
referred to a regional hospital for further treatment. There, the
patient had to be transferred to the local intensive care unit
(ICU) immediately after admission due to progressive pulmo-
nary dysfunction with severe pyrexia at 40 °C.

As the patient’s clinical condition worsened, calculated
therapy with azithromycin, piperacillin/tazobactam, and os-
eltamivir was started according to the current guidelines [9].
Initially, non-invasive ventilation (NIV) therapy was adminis-
tered, but it did not provide sufficient stabilization. Hence, the
patient underwent intubation. However, since gas exchange
was further compromised under lung-protective ventilation,
prone positioning was additionally performed, through which
the FiO, requirement improved. Nevertheless, a combination
of oxygenation and CO, elimination disorder developed. Thus,
in the absence of improvement, our ARDS/ECMO center was
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enlisted.

The patient was evaluated at the referring hospital by
our ECMO team [10]. Since the patient had stabilized under
the initial therapy, the initiation of ECMO therapy could be
initially deferred. The patient was transferred to our ARDS/
ECMO center for further treatment. Continued lung-protective
ventilation resulted in rapid stabilization, along with the de-
escalation of ventilation pressures and FiO, demand.

Diagnosis

The initial computed tomography (CT) scan obtained at our
center showed extensive bilateral infiltrates (Fig. 1). In the
meantime, the suspected diagnosis of influenza virus pneu-
monia was confirmed by positive bronchoalveolar lavage via
polymerase chain reaction.
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Table 1. Overview of Observed Bleeding Events in Combination With Administered Blood Products to Control Hemorrhage

; ; Eryth- Plate- Fresh fro- Prothrombin Fibrin- Factor VIII  Factor XIII

Major bleeding events rocvtes  lets zen plasma complex/PPSB (In- e () (Interna- (Interna-
Y P ternational Units) 8¢ (8 tional Units) tional Units)

After puncture-dilatation tracheotomy 1 0 0 0 0 2,000 2,500
Bleeding from intercostal artery 6 2 3 0 5 0 2,500
after inserting chest drain
Tracheostoma bleeding after cough blow 3 0 1 2,000 3 0 0
Total transfusion during intensive care stay 42 2 12 2,000 37 4,000 17,500

PPSB: prothrombin, proconvertin, Stuart factor and antihemophilic B factor.

Treatment

Despite 7 days of controlled ventilation with biphasic posi-
tive airway pressure and full antiviral/antibiotic treatment,
the patient underwent a second episode of acute respiratory
decompensation with fulminant ARDS with respiratory global
insufficiency. This led to the critical reevaluation of ECMO
indication and subsequent initiation of veno-venous extracor-
poreal support based on the recommendations from the EOLIA
trial [11].

Even after VV-ECMO implantation, the respiratory situ-
ation was still unpromising despite high gas and blood flow.
An FiO, of 0.8 - 1.0 was necessary to achieve a sufficient pO,.
Similarly, repeated prone positioning only moderately im-
proved the pulmonary situation.

These developments prompted the decision to establish
a third ECMO cannula via the right internal jugular vein to
achieve a sufficiently high blood flow, targeting 60-80% of the
patient’s cardiac output. Consequently, conditions stabilized,
and the treatment continued. The circuit was then established
as a bifemoral outlet and jugular inlet configuration.

Given the foreseeable prolonged weaning, a puncture-di-
lation tracheotomy was performed on day 6. Subsequently, the
patient presented with nasopharyngeal bleeding, which could
only be temporarily stopped by colleagues in the ear, nose, and
throat (ENT) team by tamponade insertion. Therefore, on the
following day, renewed hemostasis and surgical widening of
the tracheostoma became necessary. Due to several fractured
tracheal cartilage braces, the tracheostoma was surgically re-
vised.

Considering alveolitis as the possible cause of ARDS, cor-
tisone was administered at a dose of 250 mg on day 15. Repeat
chest CT examinations (Fig. 1) revealed a severely structurally
damaged lung with hardly any area for gas exchange remain-
ing.

A co-evaluation with colleagues from the pulmonology
department could not identify any further therapeutic options.
Given the patient’s seemingly completely destroyed lung, a
request for lung transplantation was initiated at the Hanover
Medical Clinic at the family’s request. However, this propo-
sition was rejected by the clinic due to the ongoing ECMO
therapy.

On day 21, a large pleural effusion (1,700 mL) on the
right lung had to be relieved by mini-thoracotomy and a Bulau
drainage. Subsequently, on day 23, a persistent, Hb-relevant
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bleeding from the area of the Bulau drainage incision. CT an-
giography revealed the bleeding was stemming from a mus-
cle branch of the right thoracic lateral artery, accompanied by
bleeding of the fifth intercostal artery. Both vessels were suc-
cessfully embolized by coil insertion with subsequent cessa-
tion of bleeding, as confirmed on follow-up angiography.

Anticoagulation was initially started with heparin IV ac-
cording to our in-house protocol [12]. With increased bleed-
ing and reduced thrombocytes, heparin-induced thrombocyto-
penia was suspected and confirmed. This was aggravated by
acquired von Willebrand syndrome.

In the presence of this complex coagulation situation, re-
peat and varying administrations of individual factors, such as
factors 8 and 13, were necessary (Table 1).

After more than 1 month of therapy, FiO, was stably
maintained at values below 0.5 for the first time. However,
the respiratory situation remained unpredictable, and frequent
deteriorations occurred. Sufficient oxygenation and carbon di-
oxide removal remained difficult to achieve. To stabilize the
situation, controlled ventilation with the highest possible pro-
portion of spontaneous breathing was required [13]. A com-
plex sedation scheme was implemented to ensure adequate se-
dation while maintaining spontaneous breathing. An adequate
sedation level could only be achieved through four-fold seda-
tion and supplementary therapy with quetiapine and melper-
one. The patient continued to show obvious signs of agitation.
Therefore, the sedation was extended to include the anesthetic
conserving device (AnaConDa) system.

On day 25, the pulmonary situation improved slightly, and
FiO, was temporarily reduced to 0.45. On day 31, Hb-relevant
bleeding in the tracheostoma area necessitated transfusion and
surgical hemostasis. Again, coagulation was optimized by ad-
ministering coagulation factors (Table 1). The tracheostoma
was inconspicuous in the following days.

On day 36 under ECMO therapy, thrombus formation was
observed in the ECMO filter and ECMO cannulas. Thus, a
new installation of the ECMO cannulas had to be performed in
addition to yet another filter system change. Changing ECMO
cannulas or ECMO systems is nothing unusual in the context
of such a therapy. Due to the situation described above, a com-
plete switch of the ECMO circuit, including ECMO cannu-
las, became necessary, specifically after several previous fil-
ter exchanges due to increased filter pressure (dP). Figure 2
demonstrates the filter and system changes with regard to the
therapeutic time course. At this point, the patient still required
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Figure 2. Relevant events during the treatment period. d, refers to the respective day following extracorporeal membrane oxy-

genation (ECMO) implantation d,,.

ECMO support; thus, explantation and reimplantation were
unavailable options. Consequently, we had to establish a vir-
gin secondary ECMO system while the initial ECMO system
remained.

Accordingly, one outlet cannula was first removed from
the left femoral vein. ECMO therapy was maintained by over-
lapping the remaining outlet cannula in the right femoral vein
and the inlet cannula in the right internal jugular vein. Next,
the left internal jugular vein was cannulated as an inlet and the
left femoral vein as an outlet. The second ECMO was thus fi-
nally established. Thus, two ECMO devices were temporarily
in simultaneous use. After successful initiation of the second
circuit, the first ECMO device was removed without complica-
tions. With a sufficient blood flow and sufficient gas exchange
under an FiO, of 0.4, the installation of a third ECMO cannula
was not necessary (Fig. 3).

Clinically, however, increasing improvement of the pul-

a b

monary situation could be observed. Thus, pulmonary weaning
was started on day 41. With simultaneously reduced sedation,
sufficient ventilation could be established under airway pres-
sure release ventilation (APRV). A strict protocol with a slow
increase of the continuous positive airway pressure (CPAP)
phases was established.

Thus, a timed trial was first performed for approximately
20 min under CPAP/assisted spontaneous breathing (ASB).
The patient showed calm spontaneous breathing and stable
gas exchange. Subsequently, the CPAP/ASB phases were con-
tinuously extended over a further 5 days to up to 30 min per
shift. After this was achieved, the next step was to start ECMO
weaning. Blood flow was reduced to 2 L/min and gas flow to
0.5 L/min so that ECMO therapy could be terminated on day
56 when respiratory conditions became stable.

After the end of ECMO therapy, further weaning from
mechanical ventilation was continued, as follows: CPAP mode

C

Figure 3. (a) Initial extracorporeal membrane oxygenation (ECMO). (b) Temporal use of two ECMO devices at the same time.

(c) ECMO circuit after complete exchange.
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Figure 4. Patient's World Health Organization Disability Schedule 2.0 (WHODAS 2.0) score assessed by self-reporting. Left
panel: patient's WHODAS 2.0 overall score before and after extracorporeal membrane oxygenation (ECMO; dashed lines) com-
pared with the general population score. Right panel: domain-specific score before and after ECMO.

for 120 min, then at least 2 h break. After the CPAP interval,
breathing at the “T-piece” followed for 5 - 10 min with 4 L O,/
min. Outside the weaning phases, the patient was ventilated in
biphasic positive airway pressure mode.

Further into the course of treatment, the time without me-
chanical pressure support on the T-piece could be extended
stepwise. Due to ICU-acquired critical muscle weakness, a
speech cannula could not yet be attached due to a high risk of
aspiration.

A flexible endoscopic evaluation of swallowing performed
on day 80 showed no abnormalities. Consequently, first at-
tempts with a speech cannula were made with good success,
and the use was eventually extended.

Complete weaning from the respirator was finally achieved
at day 107 after initial intubation.

Neurologically, a complete remission was noted. The pa-
tient received regular physiotherapeutic care, resulting in full
mobility at the time of hospital discharge.

The patient was successfully decannulated after reevalua-
tion by the ENT colleagues and then successfully discharged.

Follow-up and outcomes

We performed regular follow-up by telephone with the patient.
To assess functional wellbeing after full recovery, we per-
formed the World Health Organization Disability Assessment
Schedule 2.0, 36-item version [14]. To determine any negative
impact on health-related quality of life (HrQoL), the patient
was asked to perform a self-assessment of her status prior to
ECMO and 12 months after discharge. We chose a period of
> 12 months to allow for full recovery and for the patient to
perform the test in a steady state. At this point, any observed
changes were most likely permanent. An overall score of
18.68% indicated a high level of disability, putting the patient
into the 80th percentile compared with the population distribu-
tion (Fig. 3, left panel). The “pre-ECMO” assessment revealed
no discernible disabilities in any of the tested domains (par-
ticipation in society; life activities; getting along with people;
self-care; getting around; and understanding and communicat-
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ing) (Fig. 3, right panel). Analysis of the “post-ECMO” situa-
tion revealed a marked increase in four out of six test domains
(getting around; understanding and communicating; participa-
tion in society; and life activities). While the patient reflected
her own situation positively and stated that she saw no direct
impairment in her HrQoL, the high scores show the lasting
impact ECMO treatment and the associated ICU stay have on
HrQoL.

Discussion

ARDS impairs the gas exchange and in severe cases can lead
to a refractory respiratory global insufficiency with effects on
the pH [15]. This situation can be bridged by the use of ECMO
as a well-established treatment. The initiation should be by
early, no less than 7 days after the start of invasive mechanical
ventilation to prevent ventilation-associated lung injury, which
stems in part from excessive tidal volumes of > 6 mg/kg body
weight [6, 16, 17].

However, no studies or guidelines have specified the du-
ration of the life-sustaining extracorporeal procedure. Serious
and protracted ECMO therapies in expectation of a cure should
always be balanced by the medically necessary prudence,
which also allows for a timely termination of therapy in the
absence of response. For this purpose, family members should
be informed about the therapeutic limits of ECMO therapy at
an carly stage [18].

The start of ECMO therapy in the case presented here was
on day 7 after the initiation of invasive ventilation with a mean
predicted survival of 75% by the respiratory ECMO survival
prediction (RESP) score [19].

The RESP score cannot be used to make any statement
about possible in-hospital progression. In our case, we had to
assume an underscoring and thus an overestimation of the in-
ternal survival probability, since clinical complications, such
as intrapulmonary hemorrhage, which prolong the therapeutic
course cannot be predicted.

Despite > 14 days of ECMO support without improve-
ment and negative evaluation for lung transplantation, the pa-
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tient continued to have single-organ failure. Thus, even after
considering all the findings, a limitation of therapy was not a
justifiable option.

The ethical burden of making a decision to continue
ECMO therapy is difficult to bear, especially when no signs of
improvement could be observed despite exhaustive intensive
care causal and supportive therapy.

Since in this case only single-organ failure occurred and
the patient was young with no previous illnesses, the therapy
was continued despite no significant improvement in the pul-
monary situation for weeks. The key to the ultimate success
in this case was the successful management of rare compli-
cations, and, most importantly, the concomitant use of two
ECMO circuits for an individual patient. Such a procedure has
not been reported in other similar case reports, as well as in
the current literature. Previously reported cases of hybrid/dual
ECMO cases have involved patients with hyperdynamic sepsis
where a secondary circuit was necessary to achieve sufficient
oxygenation.

In identifying possible positive predictors for this ulti-
mately successful course of therapy, the following aspects
can also be mentioned in comparison with other case reports
and studies: 1) The therapy with ECMO was started within 7
days to allow for lung-protective ventilation [16, 20]. 2) The
patient was tracheotomized on day 6 after the start of ECMO
therapy. This allowed the patient to be weaned while still un-
der ECMO from the time of clinical stabilization. Thus, the
capacity of the respiratory musculature could be increased in
direct temporal correlation. The ideal timing of tracheostomy
in critically ill patients remains controversial. Young et al [21]
found no significant correlation between in-house mortality
in 909 patients undergoing surgery and tracheostomy before
postoperative day 4 or after day 10. This observation appar-
ently holds true in patients who underwent ECMO support,
whether VV or veno-arterial, as indicated by the findings of
Salna et al [22]. They concluded that tracheostomy can be
safely performed during ECMO therapy. Notably, the authors
believe that the maintenance or brief cessation of anticoagula-
tion is not associated with a higher incidence of thromboem-
bolism [23]. 3) Our PTT target of 35 s was chosen to minimize
the risk of possible lethal complications, including but not
limited to intracerebral hemorrhage, which was observed in a
recent study by Seeliger et al [23]. In their comparison of high
versus low heparinization under ECMO, the high-heparin
group had seven cases of intracranial bleeding. Conversely,
the low-heparin cohort from our center had no cases of intrac-
ranial bleeding. However, this is at the cost of more frequent,
clotting-related ECMO system changes. In the case presented
here, our lower heparinization approach has not positively
impacted the bleeding complications that developed in this
case. However, with clinically relevant bleeding complica-
tions, an extended target range for activated partial thrombo-
plastin time to minimize system changes was not feasible. 4)
A complete change of both the initial ECMO cannulas and the
ECMO circuit, made necessary by cannula clotting, can be
achieved by the concurrent implantation of a second circuit,
as described earlier.

Despite the complicated disease course, the patient was
successfully weaned from ECMO after 56 days.
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Learning points

As learning points, as well as in comparison with other previ-
ously published reports, the following can be noted: if explan-
tation and reimplantation is not an option because the patient
continues to require ECMO support, the short-term overlap-
ping use of two ECMO systems described in this report may
be a reasonable option.

Conclusion

The decision to continue ECMO therapy should not be made
solely on the basis of the duration of therapy already complet-
ed. As long as no more than one organ system is affected by
organ failure (e.g., the lungs), no signs of pulmonary fibrosis
on radiologic imaging are noted, and spontaneous complete
recovery is considered possible, maximum therapy should
be continued. Moreover, this case demonstrates full recovery
without significant impairment of HrQoL.
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ECMO survival prediction
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