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Abstract

Background: Extracorporeal membrane oxygenation (ECMO) to treat severe cardiorespiratory
illness has seen a marked increased in the last decade. Much of the data regarding this
intensive therapy is short term in nature and focused on survival. There exists a need for
assessment of long-term survival and health related quality of life (HRQoL) to improve our
understanding of the benefits of this therapy.

Methods: A retrospective chart review of all 239 patients supported with ECMO in Manitoba
between 2007 and 2016 was performed as well as prospective long-term HRQoL analysis of
the survivors, who were invited to undergo detailed HRQoL assessments involving eight
questionnaires and three clinical assessments. Fifty-one patients, 38 undergoing venoarterial-
ECMO and 13 venovenous-ECMO, were interviewed.

Results: One hundred and eighty-four patients were supported with venoarterial-ECMO most
commonly for cardiogenic shock (63%) where 30-day and 2-year survivals were 43.5% and
36.6% respectively. Fifty-five patients supported with venovenous-ECMO most commonly had
acute respiratory distress syndrome (78%) where 30 day and 2 year survivals were 56.4% and
48.0% respectively. Two-year survival estimates for all patients surviving to hospital discharge
were 85% for all patients. Twenty-nine percent of VA-ECMO and 43% of VV-ECMO patients
reported having a low quality of life. Despite their younger age, VV-ECMO patients had greater
deficits, including depression (23.1%), anxiety (38.5%), PTSD (38%) and low physical activity
(53%).

Conclusion: Survival, particularly of patients discharged from hospital, was reasonable on long-
term follow-up but persistent issues with HRQoL were identified. This study provides better
understanding of patient survival and issues post ECMO therapy, which may be used to counsel
patients and families and identify areas for enhanced ongoing care.

1. Introduction and Background

Mechanical circulatory support (MCS) can be utilized to support end organ perfusion in patients
suffering from severe but potentially reversible respiratory or cardiac failure. This is achieved
using extracorporeal membrane oxygenation (ECMO). ECMO provides isolated respiratory
support using venovenous-ECMO (VV-ECMO) by oxygenating blood and removing COz in the
venous circulation. Venoarterial-ECMO (VA-ECMO) provides both respiratory and hemodynamic
support by bypassing both the heart and the lungs'?. The use of ECMO in adults has soared in
the last 10 years, increasing by 433% across the United States between 2006-2011°.
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Contributing factors to this sharp increase in use were both the H1N1 influenza pandemic*®,
which caused rapid and severe adult respiratory distress syndrome (ARDS) in many otherwise
healthy adults, as well as several studies showing the benefit of ECMO therapy in patients with
refractory heart failure”®. In fact, The Extracorporeal Life Support Organization (ELSO) 2012
Registry Report indicates an increase in extracorporeal cardiac support in adults from less than
50 cases in the year 2000 to over 200 cases per year from 2008-2012°.

While previous observational studies have sought to describe the short-term survival rate of
patients requiring ECMO support'®"®, there is a scarcity of information on the long-term health
related quality of life (HRQoL) outcomes of the survivors of such intensive, complicated and
resource heavy treatment. Understanding long-term outcomes is of paramount importance as
the efficacy and effectiveness of this therapy are being evaluated and its role in clinical care is
being determined™'*"*'®. Furthermore, this understanding of overall HRQoL might assist us in
identifying possible strategies for optimizing post-ECMO care as surviving patient’s transition
from the hospital back to the community.

A total of 239 patients have received treatment with VA- or VV-ECMO since the formal initiation
of an ECMO program in Manitoba in 2007. This study represents the first analysis of the
complete Provincial ECMO Program with an overarching goal of understanding the long-term
outcomes of patients requiring this therapy. Specifically, we sought to determine: 1. short-term
survival (30 day and to hospital discharge); 2. long-term survival; and 3. long-term HRQoL of
survivors at their latest follow-up time point. In order to evaluate the long-term HRQoL outcomes
of survivors of ECMO therapy, we assessed patients under three broad categories; physical
function, cognitive function and mental health.

2. Methods
Study Setting

The study was carried out at St Boniface General Hospital, a tertiary care center in Winnipeg,
Canada. The University of Manitoba Research Ethics Board (REB) and the St Boniface Hospital
Research Review Committee (RRC) approved the study. In order to fulfill the objectives there
were two arms to the research study. The first was a retrospective cohort study, which
generated a database consisting of all patients greater than 16 years of age who were
supported with ECMO between 2007-2016 (June 2016). The second arm was the initiation of a
new long-term HRQoL “survivorship” clinic wherein patients were assessed either by an in-
person clinic visit or via a telephone interview.

All ECMO cannulation was performed in Winnipeg, Manitoba by the cardiac surgery service at
the patient’s bedside, in the cardiac catheterization lab or in the operating room under sterile
conditions and with systemic heparinization. VA-ECMO patients were cannulated centrally or
peripherally either percutaneously or using a side limb graft on the femoral artery for
cannulation. Fifteen to 19 French arterial catheters and 24/29 to 30/33 venous drainage
cannulas were used for percutaneous cannulation. VV-ECMO patients were cannulated using a
dual lumen cannula (Avalon Laboratories, Rancho Dominguez, CA, USA), or multi-site
cannulation with two or three sites. Cannula position was confirmed by echocardiography,
and/or fluoroscopy and chest radiography. The VA-ECMO circuit was comprised of a femoral
venous line connected to a BioMedicus 540 centrifugal pump (Medtronic, Minneapolis, MN,
USA) that propelled blood through a Medtronic Affinity NT oxygenator/heat exchanger into the
arterial cannula. All ECMO circuits were primed with 600 mL of room temperature lactated
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ringers solution. Patients were cared for in Intensive Care Units at St. Boniface General Hospital
and weaned from support as possible with standard assessment of disease resolution.

Study Design for ECMO Database

Phase 1: We completed a retrospective cohort review of all ECMO patients from St Boniface
Hospital since November 2007. Our patient list was generated using detailed perfusionist
records. We included all patients who were on ECMO at any point during their hospital stay
regardless of other mechanical circulatory support devices used.

The database was created using a secure online electronic data collection program (REDCap).
Data was collected from St. Boniface Hospitals electronic patient charts (EPR) and supplemental
paper chart review between June 2015-July 2016.

The data abstraction forms were developed internally as an adjunct to existing databases and
previous interdisciplinary focus groups meetings in 2013 based on results of published ECMO
literature and consensus of biologic plausibility'’. Patient demographics, comorbidities, indication
for ECMO, procedural data (including cannulation strategy, location of cannulation, surgeon,
time on support), patient outcomes, complications, transition to other support, medication and
laboratory data were collected. Medications and laboratory data were collected at hour 0, 6, 12,
18, 24, and then daily until three days post ECMO decannulation.

Summary statistics including demographic data (age, gender, diagnosis, past medical history,
APACHE Il score, ICU transfusions, etc.) were collected for each patient using a linkage to the
WRHA Critical Care Database. The acute physiologic and chronic health evaluation (APACHE
II) is a tool used to measure severity of disease and predict patients course in ICU™. All patients
were screened for the following comorbidities: Asthma, Chronic Obstructive Pulmonary Disease,
Renal Failure, Renal Insufficiency, Cerebrovascular Accident, Alcohol Abuse, Drug Abuse,
Stable Angina, Unstable Angina, Congestive Heart Failure, Diabetes, Hyperlipidemia,
Hypertension, Previous Myocardial Infarction, Peripheral Vascular Disease, Gl Bleed,
Tachyarrhythmia.

Statistical Analysis of Database

Several demographic and perioperative characteristics were compared between VA- and VV-
ECMO patients. Categorical variables were compared using a Chi-Square or Fisher’'s Exact
Test; continuous variables were compared using a Mann-Whitney Test where appropriate.
Additional ECMO characteristics and parameters collected at follow-up were described for both
populations, but not statistically compared between VA and VV ECMO patients. Long term
survival for both patient groups was visualized via Kaplan Meier curves. These survival curves
were developed for the entire study population and only those who survived their hospital stay.
All analysis was performed using SAS version 9.3.

Data Collection for Long-term Follow-up

Phase 2: The second arm of the study was a HRQoL analysis of the surviving ECMO patients.
The study period for this portion of the study was June 2016-July 2016. Median follow-up time
for VA-ECMO patients was 2.0 years (0.8-3.0) post ECMO cannulation and 1.5 years (0.5-2.0)
for VV-ECMO patients. We used St Boniface hospital’s electronic patient record to exclude
patients that were deceased. All patients greater than 18 years of age who survived >30 days
post hospital discharge were eligible to participate in either a postoperative follow-up clinic or
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telephone survey during the study period. Exclusion Criteria were severe mental disability and
non—English speaking.

Long Term QOL Testing

We collected data on HRQoL using several tests to analyze physical function, congitive function,
and mental health. The core questionnaires for our HRQoL analysis were administered in both
the telephone interview and follow up clinic (see Table 1). The eight questionnaires were as
follows: (1) Euroqol 5 Dimension (EQ-5D) (2) Hospital Anxiety and Depression Score (HADS),
(3) Paffenbarger Physical Activity Index, (4) Activities of Daily Living (ADLs) and Instrumental
Activities of Daily Living (IADLs), (5) Post Traumatic Stress Disorder Checklist Civilian Version
PCL-C, (6) Decision Regret Scale (DRS), (7) Weight loss (self-reported weight loss), and (8)
Modified Center for Epidemiologic Studies Depression (CES-D).

EQ-5D is a two part questionnaire and an effective tool used to measure HRQoL'*?°. The first
part, EQ-5D-3L, asks about general heath status®'?%. The five dimensions of health evaluated
are mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Patients are
asked if they have “no problems”, “some problems”, or “extreme problems” with each dimension.
The EQ-5D-3L user guide reported the age matched general population having problems with
mobility, self care, usual activities, pain/discomfort and anxiety/depression are 21.9%, 5.2%,
21.8%, 43.7%, and 27.2% respectively”®. The second component, the EQ-VAS instrument, is a
scale from 0 (worst imaginable health state) to 100 (best imaginable health state) where patients
record their self-rated health. We chose an EQ-VAS below 60 to represent poor HRQoL. This is
the mean score for individuals with advanced heart failure, malignancy and kidney failure, all of
which are well accepted states of poor HRQoL?*?.

The Hospital Anxiety and Depression Scale (HADS)? is used to determine levels of depression
and anxiety in patients. Patients are read seven statements relating to depression and seven
statements relating to anxiety. They then choose between four responses that best describe the
severity of their symptom. A score between 0-3 is given with a higher number correlating to a
more severe symptom of anxiety or depression. The responses are added up to give a total
score out of 21. A patient’s score determined if they were in the “normal” (0-7), “borderline”
depression/ anxiety (8-10), or “depressed’/“anxious” (11-21) range. In a large non-clinical study
the percentage of patients normal, borderline depressed and depressed were 88.6%, 7.8%, and
3.6% respectively and normal, borderline anxious and anxious were 66.8%, 20.6%, and 12.6%
respectivly?’.

The Paffenbarger Physical Activity Index?® was used to assess the patients physical activity. It is
a validated tool to measure the fitness of a population based on calories burned doing physical
activity per week. The cut off value for low physical activity is <383 kcal/week for men and <270
kcal/week for women.

Activities of Daily Living (ADLs) and Instrumental Activities of Daily Living (IADLs)* were
assessed using the “Activity” and “Functional status” questionnaires. These were utilized to
determine the level of assistance a patient required with ADLs (feeding, bathing, dressing,
toileting) and IADLs (cooking, cleaning, shopping, taking medication, driving, banking). Patients
were either deemed independent, requiring assistance, or unable/dependent. We considered the
latter two to be a positive score indicating a functional defect.

Post Traumatic Stress Disorder (PTSD) was assessed using the PTSD Check List (PCL-C)**3".
Patients were asked if they any of the 17 key symptoms of PTSD. They were given points based
on the severity of their symptoms for each question. The higher the severity the higher the points
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received and therefore a higher total severity. Up to 20% of ICU survivors have been estimated
to have clinically significant symptoms of PTSD*. The national center for PTSD recommends a
cut off of between 36-44 for patients in a population of estimated PTSD of 16-39%>% We chose
to use a cut off of 40 for our population. In comparison, the estimated prevalence of PTSD in the
general population is 15% the suggested cut off for this population is a PCL-C score of 30-35%.

We administered the Decision Regret Scale (DRS) to determine if patients had distress or
remorse about the decision to undergo ECMO. The patient was scored on their level of
agreement or disagreement with the following five statements: (1)“It was the right decision”, (2)“I
regret the choice that was made”, (3)“l would go for the same choice if | had to do it over again”,
(4)“The choice did me a lot of harm”, and (5)“The decision was a wise one”. The patient chooses
between the following: “strongly agree”, “agree”, “neither agree nor disagree”, “disagree” and
“strongly disagree”. Items (2) and (4) were reverse coded. A total score was calculated out of
100 to determine the level of regret regarding the decision. A score of 0 means no regret and a
score of 100 indicates a high level of regret. A previous systematic review demonstrated that the
average regret patients had regarding medical decisions generated a mean DRS score of 16.5
across studies. Finally, satisfaction with care post hospital stay was evaluated with the
particular question, “Upon discharge from hospital, did you have an adequate plan of care and
health services available to look after you at home?” .

Additional Tests

There were three additional cognitive and physical tests done for the patients who attended our
in hospital clinic (see Table 2). They allowed us to investigate the Modified Fried Frailty
parameters. The three additional tests were as follows: (1) 5-m gait speed measurement, (2)
Handgrip strength measurement, (3) Montreal Cognitive Assessment (MoCA).

Under the Modified Fried definition, a patient was deemed “frail” if he/she met 23 of the following
7 criteria: slowness (as determined by the 5-m gait speed measurement)®’, weakness (handgrip
strength measurement)*®*°, weight loss (self-reported weight loss), exhaustion (the modified 2-
item CES-D Scale), depression (the 5-GDS), low physical activity (the Paffenbarger Physical
Activity Index), and cognitive impairment (the MoCA).

Montreal Cognitive Assessment (MoCA) was used to assess cognitive function of patients who
attended the clinic. It is a validated tool, which provides assessment of several cognitive
domains including the following: visual spatial abilities, recognition, recall, attention, language,
abstraction and orientation*’. A maximum score of 30 can be achieved with this test. A score
<25 is a marker of cognitive impairment.

3. Results
Patient Demographic and Therapy Indications

The demographic characteristics of ECMO patients were described (see Table 3). For patients in
the VA-ECMO cohort the median age was 58 years old (50-65). A greater proportion of men
were supported on this therapy (68%). The majority of patients, 152 (83%) had one or more
comorbidities. The most prevalent were hypertension, hyperlipidemia, and diabetes. The
patients were very sick in the ICU with a median APACHE Il score was 27 (20-32). One hundred
and sixty-seven patients (91%) needed one or more transfusions in the ICU.

Patients in the VV-ECMO cohort were younger with a median age of 43 years old (26-56). There
were only slightly more men than women who received the therapy (53% vs. 47%). Thirty-nine
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patients (71%) had one or more comorbidities. The most prevalent were hypertension, diabetes,
and alcohol abuse. Twenty-two percent of patients had a history of alcohol abuse. The median
APACHE Il score was similar to VA-ECMO patients with a score of 26 (20-32). A large
percentage of VV-ECMO patients (93%) needed one or more transfusions in the ICU.

The indications for ECMO, laboratory parameters, and complications were described (see Table
4). The most common indication leading to use of VA-ECMO was cardiogenic shock in 116
(63%) patients, specifically ischemic heart disease (46.7%). Other common indications for
therapy were postcardiotomy (19.6%), hypothermia (8.7%) and toxic overdose (3.3%). Thirty-two
patients used an additional MCS device before or after ECMO. Three patients had a prior left
ventricular assist device (LVAD) and 29 transitioned to the following devices: 12 to left
ventricular assist device (LVAD), 8 to VV-ECMO, 6 to biventricular assist devices (BIVAD), and 3
to right ventricular assist device (RVAD). The most common indication for VV-ECMO was acute
respiratory distress syndrome (ARDS) consisting of 43 patients (78.2%). The top three causes of
ARDS in these patients were pneumonia (30.9%), H1N1 influenza (18.2%) and blastomycosis
(9.1%).

The median pH at time of cannulation for VA-ECMO patients was 7.22 (7.08-7.37). There was a
spike in median serum lactate values measured at time of cannulation, which then dropped at 6
hours and 12 hours post cannulation. The values were 11.1 mmol/L, 8.0 mmol/L, and 4.5
mmol/L respectively. The median peak and lowest haemoglobin were 103g/L and 73g/L for all
VA-ECMO patients. The most common complications in this cohort were pneumonia (21%), Gl
bleed (17%), cannula revision (16.3%), and neurologic injury (16%).

In the VV-ECMO cohort median pH at cannulation was 7.33 (7.26-7.41). The median lactate
values measured at cannulation, 6 hours, and 12 hours post cannulation did not spike in these
patients. The values were 3.5 mmol/L, 2.9 mmol/L, and 2.4 mmol/L respectively. The median
peak and lowest haemoglobin were 101g/L and 73g/L. The most common complications were
sepsis (71%), pneumonia (38%), Gl bleed (18%), and neurologic injury (11%).

Course in Hopital

A timeline of in-hospital events are presented (see Figure 1), comparing ECMO duration,
intensive care unit length of stay (ICU LOS), and hospital length of stay (hospital LOS) between
the following four groups: VA-ECMO total (entire cohort), VA-ECMO follow-up (patients surviving
to the long-term follow-up study), VV-ECMO total, VA-ECMO follow-up. The VV-ECMO patients,
in general, required a longer duration of ECMO support, ICU LOS and hospital LOS than the
VA-ECMO cohort.

Survival

Kaplan Meier Curves were generated to estimate survival based on our available data. We
analyzed survival following ECMO initiation for all patients (see Figure 2) as well as survival of
patients surviving to hospital discharge (see Figure 3). Of the total 184 VA-ECMO patients,
43.5% survived their hospital stay, 46.2% survived to 30 days, 40.5% survived to 6 months and
39.1% were alive at one year. For our 55 VV-ECMO patients, 56.4% survived their hospital stay,
58.2% survived to 30 days, 52.4% survived to 6 months and 48.0% were alive at one year. One
and two-year survival estimates for patients discharged from hospital were 89.1% and 84.8% for
VA-ECMO patients and 85.1% and 85.1% for VV-ECMO patients respectively.
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Long term HRQoL

There were 89 patients eligible to participate by our definition (66 VA-ECMO and 23 VV-ECMO
patients). We interviewed 51 of these patients (see Figure 4). Twenty patients attended our in
hospital follow-up clinic and 31 patients were interviewed over the telephone. A total of 38 VA-
ECMO patients participated in our long-term follow-up interviews at a median of 2.0 years (0.8-
3.0) post initiation. This cohort demonstrated a median age of 58 years with 66% males and a
median APACHE Il score of 23 (17-29). There were 13 VV-ECMO patients interviewed at a
median follow-up time of 1.5 years (0.5-2.6). This cohort had a median age of 49 years, 62%
males and a median APACHE Il score of 22 (20-26). The long-term follow-up patient
demographics were described (see Table 5) as well as their interview parameters (see Table 6).

Overall quality of life was assessed using EQ-VAS for the 51 patients who were interviewed.
There were 11 VA-ECMO patients (29%) and 6 VV-ECMO patients (46%) identifying themselves
as having a low quality of life. Based on results of EQ-5D-3L, there were 9 VA-ECMO patients
(23.7%) who reported at least some issues with mobility, 3 (7.9%) with self-care, 14 (36.8%)
performing their usual activities, 17 (44.7%) reported pain or discomfort, and 8 patients (21.1%)
reported anxiety/depression. In the VV-ECMO cohort there were more issues reported. There
were 9 patients (69.2%) who reported issues with mobility, 3 (23.1%) with self-care, 8 (61.5%)
performing usual activities, and 9 patients (69.2%) reported anxiety or depression. All 13 (100%)
of VV-ECMO patients reported at least some ongoing issues with pain or discomfort.

There were 13 VA-ECMO patients (34.2%) and 7 VV-ECMO patients (53.9%) with a low
physical activity score based on results of the Paffenbarger Physical Activity Index. There were
6 VA-ECMO patients (15.8%) who reported problems with ADLs and 14 (36.8%) with IADLs.
There were more problems with daily activities in the VV-ECMO cohort. There were 3 patients
(23.1%) who reported problems with ADLs and 6 (46.2%) with IADLs.

There were lower rates of depression and anxiety reported using HADS than EQ-5D as itis a
more specific test. Five percent of VA-ECMO patients had significant symptoms of depression
and 7.9% had significant symptoms for anxiety. In the VV-ECMO cohort 23.1% patients had
significant symptoms of depression and 38.5% with significant symptoms of anxiety. There were
4 VA-ECMO patients (13%) and 5 VV-ECMO patients (38%) who had a positive screen for
PTSD.

Both cohorts of patients had little regret regarding their decision to be put on ECMO. VA-ECMO
survivors had a median of 5 (0-13) distress or remorse regarding the decision while VV-ECMO
survivors had a median of 0 (0 - 10). All patients in both cohorts reported less regret than the
average patient has regarding a medical decision. Both cohorts were also satisfied with the care
they had following hospital discharge.

Of the 20 patients who attended the follow-up clinic (see Table 7), the Modified Fried Frailty
parameters revealed four VA-ECMO patients (26.7%) and 3 VV-ECMO patients (75%) met the
criteria for frailty. Seventy-three percent of VA-ECMO survivors in clinic and 75% of VV-ECMO
survivors had MoCA scores <25 indicating at least mild cognitive impairment at time of follow-up.

4. Discussion
This study was a retrospective chart review of all ECMO patients in Manitoba between 2007-

2016 with prospective long-term follow-up and HRQoL analysis of survivors of this therapy.
ECMO is an intensive and invasive intervention used to resuscitate and treat the most critically
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ill patient population in the health care system. Our patients certainly fit this description with
high APACHE Il scores in both cohorts and markedly elevated serum lactate levels in the VA-
ECMO cohort. Not surprisingly, a significant proportion of patients treated with either VA-
ECMO or VV-ECMO did not survive to hospital discharge. Approximately 55% and 44% of VA-
and VV-ECMO patients respectively died in hospital. The survivors had longer ICU LOS and
hospital LOS due to the large number of patients who died on ECMO support, cutting short both
their hospital and ICU duration.

ECMO patients have high in-hospital mortality due to the severe illness requiring support, along
with comorbidities and complications. Certain significant complications, such as pneumonia, Gl
bleeding, sepsis and neurologic injury, which all had an incidence of greater than 10%, were
likely the result of multifactorial issues. However, complications specifically related to VA-ECMO
such as ischemic leg, haemorrhage, compartment syndrome, fasciotomy, as well as rate of
cannula revision of 11% in VV-ECMO and 16% in VA-ECMO patients, demonstrate the
complexity and potential harms specifically related to this therapy that contribute to poor
outcomes.

Despite significant critical illness, rate of complication and in-hospital mortality, the subsequent
course of patients who survived to hospital discharge was quite remarkable, with an 85%
survival at 2 years. This is clearly evident in the Kaplan Meier survival curves for these patients,
which markedly level out somewhere between 1 and 9 months and suggests that even longer-
term survival should be very stable. This verification of long-term success is an important
addition to our understanding of the genuine benefit of this therapy.

A 2016 cross sectional study of 100 VA and VV-ECMO patients demonstrated that HRQoL in
these patients is higher than patients with other serious illnesses, but lower than the general
population using the Short Form-36*'. Two studies examined VA-ECMO patients alone. A study
of 28 cardiogenic shock patients in 2008, with a median follow-up of 11 months, reported
satisfactory mental health and vitality of VA-ECMO patients but persistent problems with work or
other daily activities using the Short Form-36 questionaire’. A smaller study of 7 VA-ECMO
surviving refractory circulatory collapse found that patients at 46 (36-54) months post hospital
discharge had acceptable long-term HRQoL and return to work*2.

Although our VA-ECMO patients have equally encouraging results, the long lasting effects of the
severe critical illness were still demonstrable at the median follow-up time of 2 years. Seventy-
five percent of patients reported no issues with mobility and 65% were able to perform their
usual activities. There were greater than two-thirds of survivors who reported having a good
quality of life, despite their history of severe critical illness. Seventy five percent of patients
tested for frailty during the follow-up clinic visit were not frail. Twenty-one percent of patients
reported issues with anxiety or depression. This is lower than what has been reported for
patients with similar severity of iliness. There was a 25% reported depression rate at one year in
a study of 448 survivors of severe sepsis using the same screening test (EQ-5D-3L)*. A 37.7%
rate of depression was reported in a six-month follow-up of 374 cardiac surgery patients
screened with the Patient Health Questionnaire-9**. The latter population has a greater
resemblance to our patients, but the follow-up time was much shorter which may account for the
greater rate of depression. Overall, these results suggest our patients have very reasonable
functionality and independence at their latest follow-up. That is not to say they do not struggle
post discharge as almost 50% had pain or discomfort and 11 out of 13 (73%) seen in clinic had
cognitive impairment. Importantly, as a measure of their experience from treatment to follow-up,
patients reported very low regret or remorse regarding the decision to undergo ECMO.
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Despite younger age and less comorbidity, VV-ECMO patients appeared to demonstrate greater
deficits in HRQoL. This may be a simple reflection of shorter median duration of follow-up (1.5
years) but the findings are impressive. Sixty-nine percent of patients reported issues with
mobility and 61% with their usual activities. Compared to 7.9% in the VA-ECMO group, 23% of
VV-ECMO patients reported issues with self-care. Forty-six percent of patients reported low
quality of life and difficulty with IADLs. Seventy-five percent of patients seen in clinic met the
criteria for frailty. In the whole follow-up cohort, significant symptoms of depression (23.1%),
anxiety (38.5%), and PTSD (38%) were present. All of the VV-ECMO patients seen in follow-up
reported pain or discomfort.

Thus, despite the shorter median follow-up time, there is still a real concern that patients
requiring VV-ECMO had significantly more disability, discomfort and psychological issues. These
findings are most likely related to the underlying disease process (predominately ARDS) and are
consistent with studies specifically looking at ARDS outcomes. A 2013 study analyzing HRQoL
in 67 adult ARDS patients supported with ECMO in three French ICUs*® used HADS to identify
that 25% patients had significant symptoms of depression and 34% anxiety. In the same study
16% of patients screened positive for PTSD using the Impact Event scale. A smaller study done
in Australia in 2012 looked at 15 ARDS patients*. Using EQ5D they reported patients having
issues with mobility, usual activities, and self-care at 53%, 42% and 20% respectively consistent
with our study where we found an incidence of 69%, 61%, and 23.1% respectively. Pulmonary
sequelae following ARDS have been shown to cause a reduction in HRQoL regardless of ECMO
initiation“®. Many ARDS survivors also suffer from permanent neurocognitive impairments and
emotional morbidity following hospital discharge*’, also as seen in our study.

Advancements in life sustaining technology such as ECMO introduces numerous ethical
issues*®*® Due to the severity and urgency of illnesses where ECMO may be utilized, therapy
often has to be implemented expeditiously with little opportunity to involve the patient in decision
making. This leaves clinicians and substitute decision makers in a difficult position. They have to
decide whether or not subjecting these patients to this invasive therapy, with a high likelihood of
complications and mortality, is warranted. Furthermore, ECMO is resource intensive from an
equipment, critical care and personnel standpoint, which can often create strain at a
programmatic and institutional level. Ultimately, the question as to what benefit ECMO provides
is critical for everyone involved from the system level to clinicians, families and ultimately
patients. Our study adds important data verifying that the effects of this lifesaving therapy are
long lasting beyond hospital discharge.

This long-term data may be utilized by clinicians in counselling family members and patients on
the probability of survival with this therapy. Two-year survival post ECMO initiation is 37% with
VA-ECMO and 48% with VV-ECMO but, importantly, if patients survive to hospital discharge
they appear to have excellent predicted two-year survival of 85% at that time point. This
provides reassurance at the time of hospital discharge. Although survival is better in the VV-
ECMO cohort, somewhat counter intuitively, HRQoL outcomes appear to be poorer with this
group. This fits with the ARDS literature in general, but is novel when the outcomes are
referenced to survivors of VA-ECMO who demonstrate very reasonable outcomes. In fact, when
compared to age-matched reference scores of EQ-5D-3L (Table 6) we see that VA-ECMO
survivors were relatively similar to the reference score of the general population whereas the
VV-ECMO survivors reported a much higher proportion of disability in the relevant domains. In
both cohorts this alerts the need for specialized post discharge care focused on physical and
cognitive rehabilitation, but also in the domains of pain and psychological management. Patients
and families can be provided more accurate and reasonable expectations for recovery.
Furthermore, even though VV support has not been traditionally considered as ‘ultimately
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critical’ as VA support, this data reveals that the VV cohort may actually be the higher risk cohort
at the time of hospital discharge. This is an unexpected and important finding. Finally, the
significant finding from the DRS administration indicated that there was very little regret from the
patient’s perspective regarding the decision to be placed on ECMO, in particular none in the VV-
ECMO cohort. These findings serve not only to inform and reassure recipients, providers and
administrators of health care, but also identify areas for optimization of post ECMO care. In our
own center, this data is helping to develop a specialized, team-based health care delivery
model, as a solution to care of such complex patients and other patients with a prolonged ICU
stay. We are currently hosting focus groups designed for researchers to gain a better
understanding of the effectiveness of current health care processes from a patient perspective
and determine where potential gaps in health care exist.

To our knowledge, this is the most comprehensive long-term HRQoL follow-up study on VA-
and VV-ECMO patients. The focus of most previous studies were on mortality outcomes and
predictors of mortality rather than HRQoL'*"°. Five studies that analyzed long-term HRQoL in
ECMO patients were described in the discussion above. Two analyzed outcomes in ARDS
patients alone*®*®, three analyzed patients with cardiogenic shock "*? and one analyzed the VA-
and VV-ECMO cohorts combined*'. Some of these studies had larger sample sizes than ours,
but none had as detailed of assessments or a clinical component.

Limitations

In order to complete a comprehensive review of HRQoL in all survivors of ECMO we had many
limitations. To capture all patients who received ECMO in Manitoba we had very broad inclusion
criteria, including a large duration between therapy and follow-up interview. We did not complete
all interviews in the same setting. We chose questionnaires that could be completed both over
the telephone and in clinic in order to maximize the sample size. Studies have shown that phone
surveys are just as effective as face-to-face for the administration of certain questionnaires®°%
Our study lacks both a control group and randomization. It is susceptible to center-specific
selection bias in terms of clinical implementation of ECMO, which may limit generalizability.
While our follow-up was of fair median duration, it was not complete as only 57% of surviving
patients were reachable and willing to participate. This introduces the possibility of volunteer
bias as well, although it is impossible to interpret the meaning of this as some of the patients
refusing to participate did so because they were too busy in their daily lives suggesting high
functionality. We do not have baseline HRQoL data for our patients. Finally with the high rates of
comorbidities including drug and alcohol abuse there is a possibility that some patients had
HRQoL impairments prior to their need for ECMO support.

Conclusions

In our long-term follow-up study of patients treated with ECMO in Manitoba, 2 year survival was
37% post VA-ECMO and 48% with VV-ECMO. Patients who survived to hospital discharge had
an excellent estimated two-year survival of 85% that appeared stable at that time point. HRQoL
outcomes were very reasonable considering the severity of illness at the time of treatment,
especially in the patients receiving VA-ECMO. Their EQ-5D-3L results were very similar to age-
matched controls in the general population. However, difficulties in physical, mental and
psychological health as well as issues with pain and overall quality of life were still present in
VA-ECMO patients and even more so in VV-ECMO patients, with a median time of follow-up of 2
years and 1.5 years respectively. Both cohorts of patients had very low regret or remorse
regarding the decision to implement ECMO. These findings may be utilized by clinicians to
provide family members and patients with their probability of survival as well as providing
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reassurance and preparation for what to expect at the time of hospital discharge. Additionally,
these important findings will serve to identify areas where we can improve and optimize care
post ECMO, especially for VV-ECMO patients who may be at higher risk for poor subsequent
HRQoL. It represents the first step in understanding long-term outcomes of ECMO and will help
clinicians in their ongoing effort to ensure that patients not only survive, but also thrive following
hospital discharge.
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Figure 2. Kaplan Meier Curve 1: Survival Following ECMO Initiation
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Figure 3. Kaplan Meier Curve: Survival Following Hospital Discharge
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Figure 4. Summary of patient flow among adults treated with extracorporeal membrane

oxygenation (ECMO).

239 Total ECMO Patients

v

'

184 VA-ECMO patients

v

66 VA-ECMO patients

Alive During

Study Period

'

8 Not Interested
7 Could not participate (disability)

13 Could not contact

Could Not

Participate

¢

38 VA-ECMO patients

¢

15 Clinic Interview
23 Telephone Interviews

.

55 VV-ECMO patients

v

23 VV-ECMO patients

v

2 Not Interested
1 Could not participate (disability)

7 Could not contact

'

Included in Long-term

Follow-up

13 VV-ECMO patients

¢

4 Clinic Interview
9 Telephone Interviews

15



Table 1: Patient Questionnaires for Phone and Clinic
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Questionnaires

Outcome Measure

.ADLs & IADLs

Independence with ADLs and IADLs/Functional Status

. Hospital Anxiety and Depression Score (HADS)

Anxiety and Depression Screen

. PTSD Check List (PCL-C)

Post Traumatic Stress Disorder Screen

. Decision Regret Scale

Degree of regret about having cardiac surgery

DB WIN[—~

. Paffenbarger Physical Activity Index

Part of the Modified Fried definition in order to assess frailty

6. EQ-5D/EQ-VAS

Overall HRQoL

7. Self-reported weight loss and Nutrition

Part of the Modified Fried definition in order to assess frailty

8. The Modified 2-item CES-D Scale

Part of the Modified Fried definition in order to assess frailty

ADL activities of daily living, CES-D Center for Epidemiologic Studies Depression, IADL instrumental activity of daily
living, EQ-5D EuroQol five dimension, EQ-VAS Euroqol visual analog scale , ICU intensive care unit, PCL-C post
traumatic stress disorder checklist-civilian, PTSD post traumatic stress disorder

Table 2: Patient Assessments for Clinic Only

Assessments

Outcome Measure

1. 5-meter gait speed measurement

Part of the Modified Fried/ Short Physical Performance Battery
(SPPB) definition in order to assess frailty

2. Handgrip strength measurement

Part of the Modified Fried definition in order to assess frailty

3. Montreal Cognitive Assessment (MoCA)

Part of the Modified Fried definition in order to assess frailty

Table 3. Demographic Characteristics of ECMO Patients - November 2007 to June 2016

Variable VA ECMO Patients (N=184) VV ECMO Patients (N=55) | P-Value
Age 58 (50 - 65) 43 (26 - 56) <0.01
Gender (Female) 58 (32%) 26 (47%) 0.03
Asthma 8 (4%) 9 (16%) <0.01
COPD 11 (6%) 1(2%) 0.31
Renal Failure 7 (4%) 1(2%) 0.69
Renal Insufficiency 3 (2%) 3 (5%) 0.14
Cerebrovascular Accident 15 (8%) 0 (0%) 0.03
Alcohol Abuse 16 (9%) 12 (22%) <0.01
Drug Abuse 6 (3%) 5 (9%) 0.13
Stable Angina 44 (24%) 1(2%) <0.01
Unstable Angina 6 (3%) 0 (0%) 0.34
Congestive Heart Failure 26 (14%) 2 (4%) 0.03
Diabetes 56 (30%) 15 (27%) 0.65
Hyperlipidemia 60 (33%) 10 (18%) 0.04
Hypertension 91 (49%) 19 (35%) 0.05
Previous Myocardial Infarction 25 (14%) 1(2%) 0.01
Peripheral Vascular Disease 27 (15%) 2 (4%) 0.03
Tachyarrhythmia 30 (16%) 4 (7%) 0.09
Gl Bleed 4 (2%) 0 (0%) 0.58
One or more comorbidity 152 (83%) 39 (71%) 0.06
APACHE Il Score 27 (20 - 32) 26 (20 - 32) 0.99
Red Blood Cell Transfusions (ICU) 10 (4 - 18) 4(3-9) <0.01
FFP Transfusions (ICU) 6(0-12) 0(0-0) <0.01
Platelet Transfusions (ICU) 5(0-14) 0(0-10) 0.02
Albumin 25% Transfusions (ICU) 4(0-10) 4(1-8) 0.97
Albumin 5% Transfusions (ICU) 6(2-12) 2(0-8) 0.01
One or more transfusion 167 (91%) 51 (93%) 0.79
ICU Length of Stay (Days) 5.8 (2.1-12.7) 12,9 (7.2-22.1) <0.01
Hospital Length of Stay (Days) 12 (2-33) 23 (8-49) 0.02

Continuous variables expressed as median (interquartile range) compared using Mann-Whitney Test
Categorical variables expressed as N(%) compared using Fisher's Exact Test or Chi-Square Test.
APACHE acute physiologic and chronic health evaluation COPD chronic obstructive pulmonary disease, G/

gastrointestinal, ICU intensive care unit, VA ECMO venoarterial-extracorporeal membrane oxygenation, VV ECMO

venovenous-extracorporeal membrane oxygenation
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Table 4. Primary Diagnosis, Secondary Diagnosis and Additional MCS Device, ECMO parameters

Variable

VA ECMO Patients (N=184)

VV ECMO Patients (N=55)

Duration of ECMO (Days)

2(1-4)

7 (3-13)

Primary Diagnosis

Cardiogenic Shock 116 (63.0%)* 1(1.8%)
ADHF 3 (1.6%) 0 (0.0%)
Ischemic Heart Disease 86 (46.7%) 1(1.8%)
Primary Arrhythmia 2 (1.1%) 0 (0.0%)
Valvular 10 (5.4%) 0 (0.0%)
Other 15 (8.2%) 0 (0.0%)

Postcardiotomy 36 (19.6%) 4 (7.3%)
Hypothermia 16 (8.7%) 0 (0.0%)

Pneumonia 0 (0.0%) 1(1.8%)

Pulmonary Embolism 2 (1.1%) 0 (0.0%)

Toxic OD 6 (3.3%) 0 (0.0%)
Calcium Channel Blocker 3 (1.6%) 0 (0.0%)
TCA 1(0.5%) 0 (0.0%)
Other 2 (1.1%) 0 (0.0%)

ARDS 4 (2.2%) 43 (78.2%)
H1N1 Influenza 1(0.5%) 10 (18.2%)
Blastomycosis 0 (0.0%) 5(9.1%)
Aspiration 0 (0.0%) 1(1.8%)
Non H1N1 Influenza 0 (0.0%) 4 (7.3%)
Pneumonia 2 (1.1%) 17 (30.9%)
Other 1(0.5%) 6 (10.9%)

Other 4 (2.2%) 6 (10.9%)

Labs

pH at Cannulation

7.22 (7.08 - 7.37)

7.33 (7.26 - 7.41)

Lactate at Cannulation (mmol/L) 11.1(7.4-14.5) 35(21-64)
Lactate at 6h (mmol/L) 8.0(5.0-11.4) 29(2.1-6.1)
Lactate at 12h (mmol/L) 4.5(29-8.3) 24(1.8-5.0)
Peak Hemoglobin (g/L) 103 (95 - 114) 101 (95 - 110)
Lowest Hemoglobin (g/L) 73 (66 - 80) 73 (69-77)
Complications

Compartment Syndrome 12 (6.5%) 0 (0.0%)
Cannula Revision 30 (16.3%) 6 (10.9%)
Device Failure 1(0.5%) 0 (0.0%)
Hemolysis 0 (0.0%) 0 (0.0%)
Fasciotomy 6 (3.3%) 0 (0.0%)
Hemorrhage - Cannulation 9 (4.9%) 0 (0.0%)
Hemorrhage - Other 9 (4.9%) 2 (3.6%)
Ischemic Leg 5(2.7%) 1(1.8%)
Neurologic Injury (Stroke) 29 (16%) 6 (11%)

DVT 16 (9%) 1(2%)
Pulmonary Embolism 4 (2%) 3 (5%)
Sepsis / Septic Shock 24 (13%) 39 (71%)
Pneumonia 39 (21%) 21 (38%)

Gl Bleeding 32 (17%) 10 (18%)

*Continuous variables expressed as median (interquartile range); Categorical variables expressed as N(%)
ADHF acute decompensated heart failure, ARDS acute respiratory distress syndrome, DVT deep vein thrombosis, G/
gastrointestinal, OD overdose, TCA tricyclic antidepressant
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Table 5. Demographic Characteristics of ECMO Follow up Patients

Variable VA ECMO Patients (N=38) VV ECMO Patients (N=13)
Age 58 (46 - 64) 49 (40 - 52)
Gender (Female) 13 (34%) 5 (38%)
Obesity (BMI 30 to 39.9) 6 (16%) 3 (23%)
Alcohol Abuse 3 (8%) 5 (38%)

Drug Abuse 1 (3%) 1(8%)
Congestive Heart Failure 6 (16%) 0 (0%)
Diabetes 4 (11%) 3 (23%)
Hyperlipidemia 8 (21%) 4 (31%)
Hypertension 18 (47%) 4 (31%)
Previous Myocardial Infarction 3 (8%) 0 (0%)
Peripheral Vascular Disease 3 (8%) 0 (0%)
Tachyarrhythmia 7 (18%) 1(8%)
APACHE Il Score 23 (17 -29) 22 (20 - 26)
ICU Length of Stay (Days) 10.7 (5.7 -19.7) 14.5 (11.8 - 43.7)
Hospital Length of Stay (Days) 30 (18 - 44) 44 (20 - 67)
Follow-up Time (Years Post ECMO Initiation) 2.0(0.8-3.0) 1.5(0.5-2.6)
Primary Diagnosis

Cardiogenic Shock 25 (65.8%) 0 (0.0%
Postcardiotomy 6 (15.8%) 2 (15.4%
Hypothermia 1(2.6%) 0 (0.0%
Pneumonia 0 (0.0%) 1(7.7%
Pulmonary Embolism 1(2.6%) 0 (0.0%
Toxic OD 2 (5.3%) 0 (0.0%)
ARDS 1(2.6%) 10 (76.9%)
Other 2 (5.3%) 0 (0.0%)

*Continuous variables expressed as median (interquartile range); Categorical variables expressed as N(%)
APACHE acute physiologic and chronic health evaluation, BMI body mass index, ICU intensive care unit, OD

overdose

Table 6. Demographic Characteristics of ECMO Follow up Patients

VA ECMO Patients

VV ECMO Patients

Reference Scores**

Variable (N=38) (N=13)

EQ-VAS Score 70 (60 - 80) 70 (50 - 75) <60 =low
Patients with EQ-VAS < 60 11 (29%) 6 (46%) -
EQ-5D-3L (Patients with Any Issue)

Mobility 9 (23.7%) 9 (69.2%) 21.9%
Self Care 3 (7.9%) 3 (23.1%) 5.2%
Usual Activities 14 (36.8%) 8 (61.5%) 21.8%
Pain or Discomfort 17 (44.7%) 13 (100.0%) 43.7%
Anxiety or Depression 8 (21.1%) 9 (69.2%) 27.2%
Patients with Depression (HADS)

No Depression 34 (89.5%) 7 (563.9%) 88.6%
Borderline 2 (5.3%) 3(23.1%) 7.8%
Yes 2 (5.3%) 3(23.1%) 3.6%
Patients with Anxiety (HADS)

No Anxiety 0-7 28 (73.7%) 6 (46.2%) 66.8%
Borderline 8-10 7 (18.4%) 2 (15.4%) 20.6%
Yes 11-21 3 (7.9%) 5 (38.5%) 12.6%
Paffenbarger Score 584 (252 - 1036) 336 (168 - 1624) < 326.5 = low
Patients with Low Physical Activity 13 (34.2%) 7 (53.9%) -
ADLs & IADLs

Patient difficulty with Any ADL 6 (15.8%) 3(23.1%) -
Patient difficulty with Any IADL 14 (36.8%) 6 (46.2%) -
PTSD Severity Score (/85) 26 (21 - 35) 30 (22 - 50) 30-35
Patients with PTSD (= 40) 4 (13%) 5 (38%) <15%
DRS Score Total (/100) 5(0-13) 0(0-10) 16.5

*Continuous variables expressed as median (interquartile range);

** References found in methods section

Categorical variables expressed as N (%)
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ADL activities of daily living, ARDS acute respiratory distress syndrome, DRS decision regret scale, EQ-5D-3L
EuroQol five dimension 3L, EQ-VAS EuroQol visual analog scale, HADS hospital anxiety and depression score, IADL
instrumental activity of daily living, PTSD post traumatic stress disorder

Table 7. Follow-up of ECMO Patients (Clinic Only)

Variable

VA ECMO Patients (N=15)

VV ECMO Patients (N=4)

Modified Fried Frailty Parameters

Cognitive Impairment (MoCA < 25) 11 (73.3%) 3 (75.0%)
GDS Depression 5 (33.3%) 2 (50.0%)
Slow Gait Speed 3 (20.0%) 2 (50.0%)
Poor Grip Strength 3 (20.0%) 2 (50.0%)
Weight Loss 1(6.7%) 2 (50.0%)
Exhaustion 3 (20.0%) 1(25.0%)
Low Physical Activity 4 (26.7%) 3 (75.0%)
Modified Fried Frail (= 3) 4 (26.7%) 3 (75.0%)
Modified Fried Score 2(1-3) 4(2-6)

Clinical Frailty Scale 2(2-4 3(3-4)

*Continuous variables expressed as median (interquartile range) ; Categorical variables expressed as N(%)
GDS geriatric depression scale, HADS hospital anxiety and depression scale, MoCA Montreal cognitive assessment
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