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Abstract

Background: Right ventricular failure is an underrecognized consequence of COVID-19
pneumonia. Those with severe disease are treated with extracorporeal membrane oxygenation
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(ECMO) but with poor outcomes. Concomitant right ventricular assist device (RVAD) may be
beneficial.

Methods: A retrospective analysis of intensive care unit patients admitted with COVID-19
ARDS (Acute Respiratory Distress Syndrome) was performed. Non-intubated patients, those with
acute kidney injury, and age > 75 were excluded. Patients who underwent RVAD/ECMO support
were compared with those managed via invasive mechanical ventilation (IMV) alone. The primary
outcome was in-hospital mortality. Secondary outcomes included 30-day mortality, acute kidney
injury, length of ICU stay, and duration of mechanical ventilation.

Results: A total of 145 patients were admitted to the ICU with COVID-19. Thirty-nine patients
met inclusion criteria. Of these, 21 received IMV, and 18 received RVAD/ECMO. In-hospital (52.4
vs 11.1%, p=0.008) and 30-day mortality (42.9 vs 5.6%, p=0.011) were significantly lower in
patients treated with RVAD/ECMO. Acute kidney injury occurred in 15 (71.4%) patients in the
IMV group and zero RVAD/ECMO patients (p<0.001). ICU (11.5 vs 21 days, p=0.067) and
hospital (14 vs 25.5 days, p=0.054) length of stay were not significantly different. There were no
RVAD/ECMO device complications. The duration of mechanical ventilation was not significantly
different (10 vs 5 days, p=0.44).

Conclusions: RVAD support at the time of ECMO initiation resulted in the no secondary end-
organ damage and higher in-hospital and 30-day survival versus IMV in specially selected patients
with severe COVID-19 ARDS. Management of severe COVID-19 ARDS should prioritize right
ventricular support.

Keywords

extracorporeal membrane oxygenation; COVID-19; right ventricular assist device; acute
respiratory distress syndrome

Introduction

Acute respiratory distress syndrome (ARDS) occurs in approximately 31-67% of patients
hospitalized with SARS-CoV-2 pneumonia (COVID-19)1-3 and is associated with mortality
rates upwards of 52%.12 Prior experience and recent epidemiologic reports suggest early
intubation®, lung protective ventilation#®, and prone-positioning®—2 have been effective
strategies to manage COVID-19 ARDS in the early phases of the pandemic. Despite these
strategies many patients progress to multisystem organ failure, with cardiogenic shock
secondary to right ventricular (RV) dysfunction as the terminal event.1-310-16 Even with the
routine use of echocardiography and pulmonary artery catheters, assessment of RV function
can be challenging and unreliable. RV dysfunction or failure has been shown to occur in
approximately 25% of patients with ARDS, and in our mechanical circulatory support
practice we have observed that significant hemodynamic improvement can be achieved
through the use of a percutaneous right ventricular assist device (RVAD) even in cases where
pulmonary artery pulsatility index (PAPi) and tricuspid annular plane systolic excursion
(TAPSE) are reassuring.17-20

In our institution’s early experience with managing COVID-19 ARDS and based on
available literature regarding the pathophysiology of COVID-193, we hypothesized that
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concomitant RV support using a percutaneous RVAD cannula in patients referred for
extracorporeal membrane oxygenation (ECMO) would result in superior outcomes
compared to invasive mechanical ventilation (IMV) alone in similar patients not referred for
ECMO.2! Although ECMO referral patterns varied between critical care providers, for those
referred, we attempted to initiate therapy within 24 hours of intubation and subsequently
pursue extubation and ambulation prior to decannulation from the ECMO circuit. In this
report, we present our initial experience and a comparison of outcomes between patients
receiving RVAD/ECMO and those in whom more traditional intensive care unit (ICU)
protocols were utilized.

Institutional Review Board approval from the Medical College of Wisconsin, Milwaukee,
WI was obtained prior to the start of the following study (IRB PRO 37951, 4/27/2020) and a
waiver of informed consent was granted due to the low-risk nature and design. The study
population consisted of adult COVID-19 patients admitted to medical and cardiovascular
ICUs between March 1, 2020 and July 6, 2020 at a large urban teaching hospital in
Southeastern Wisconsin. Patients with contraindications to ECMO according to
Extracorporeal Life Support Organization (ELSO) guidelines as well as our institutional
guidelines were excluded from analysis.2223 Major criteria for exclusion included patients
aged greater than 75 years old, those not intubated or declined intubation (and had thus not
had exhausted medical therapy), and patients with acute kidney injury (defined as KDIGO
stage 3) at the time of intubation (Figure 1). Patients treated with non-RVAD venovenous
ECMO (VV ECMO) approaches were also excluded as this was not within the focus of the
study. Patients of interest in the final cohort were included if they met Berlin criteria for
severe ARDS and were therefore ECMO candidates according to ELSO criteria. The
primary outcome was in-hospital mortality. Secondary outcomes included 30-day mortality,
ICU length of stay (LOS), acute kidney injury, and duration of mechanical ventilation.

The decision to pursue internal referral for ECMO was made at the discretion of the medical
ICU team according to general ELSO guidelines for Adult Respiratory Failure?2. Because
lung compliance in COVID-19 ARDS is relatively preserved and patients tolerate
hypoxemia without excessive work of breathing, a strategy of high flow nasal cannula and
awake prone-positioning was used. Intubation was performed only if the oxygen saturation
was less than 88% on FiO, of 1.0 for 30 minutes or more. The medical ICU team attempted
to refer patients for ECMO as soon as oxygenation failure as defined by the above criteria
were met, often at the time of intubation. Other patients were referred from outside
institutions through our institution’s multidisciplinary “SHOCK?” system at the discretion of
the treated intensivist and accepted for ECMO therapy if deemed an appropriate candidate
according to aforementioned criteria and review by our multidisciplinary team of surgeons,
intensivist, and other specialists. For patients referred for ECMO, an attempt was made to
cannulate within 24 hours of intubation. In each case, further management decisions were
agreed upon by a multidisciplinary team. For a comparison control group, we applied the
aforementioned inclusion/exclusion criteria for ECMO support to all patients who were
admitted to the medical ICU and intubated, but who were not referred for ECMO during this
same time period.
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All ECMO procedures were performed using a 29 or 31 French dual-lumen RVAD cannula
(TandemLife Protek Duo™, LivaNova, UK). The cannula (Figure 2) is inserted
percutaneously via the right internal jugular vein. A Swan-Ganz pulmonary artery catheter is
inserted and floated into the main pulmonary artery which is used to facilitate placement of a
guidewire into the main pulmonary artery. Next, using the Seldinger technique, the cannula
is passed into the main pulmonary artery. All procedures were performed by experienced
cardiothoracic surgeons in a hybrid operating room under transesophageal
echocardiographic and fluoroscopic guidance. The cannula was connected to either a
Cardiohelp™ (Getinge, Gothenburg, SE) or Centrimag™ (Abbott, Abbott Park, IL) ECMO
circuit.

The decision to provide concomitant RV support utilizing a percutaneous RVAD as the
preferred ECMO cannula was based upon our large institutional experience with this
cannula for VV ECMO and our previously reported favorable outcomes!’, but also several
key observations about the clinical course and pathophysiology of COVID-19 from early in
the pandemic. COVID-19 has been well documented to directly affect cardiac function both
in the acute infection and long after illness recover.12-1524 The myocardial involvement of
COVID-19 is a unique feature of the disease with reported cases of cardiac failure,
myocarditis, and right ventricular failure previously reported.1%-14 Additionally, the time
course of COVID-19 organ dysfunction in non-surviving patients has been detailed to follow
a sequence of sepsis, ARDS, acute cardiac injury, acute kidney injury, and death.3 In the
treatment of our institutions first COVID-19 ECMO patient utilizing a conventional VV
ECMO strategy (without RV support), this sequence was observed in that despite suitable
oxygenation support once ECMO was instituted, the patient eventually succumbed to
cardiogenic shock and multisystem organ failure, particular acute kidney injury and
ischemic hepatitis. This experience and knowledge of the unique pathophysiology of
COVID-19 lead us to modify our treatment strategy early in the pandemic to focus
exclusively on both RV and oxygenation support in our ECMO patients, which is reflected
in the cohort reported here.

RVAD/ECMO management was performed with the goals of optimizing oxygen delivery,
RV support, early extubation, and physical rehabilitation, balanced with standard ARDS
care. ECMO flows were maintained at 3 to 4.5 liters per minute with adjustment of sweep
gas, flow, and mechanical ventilation to achieve a goal PaO, > 55 mmHg, SpO, > 85%, and
arterial pH 7.30-7.40. ECMO and ventilator FiO, were initiated at 100% with a sweep of 5
liters per minute and weaned appropriately. Bilevel or pressure control ventilatory modes
were used with driving pressure less than 15 mmHg to minimize ventilator-induced lung
injury (VILI). Standard extubation criteria were followed, including ECMO FiO, less than
60% and 21-30% FiO, on mechanical ventilation. Patients who were unable to be extubated
underwent tracheostomy within 14 days of cannulation. Patients were deemed candidates for
decannulation from extracorporeal support when they were on 21% FiO, on ECMO with a
flow rate of 1 liter per minute while maintaining stable PaO, and PaCO, levels with
supplemental nasal cannula oxygen. All patients were therapeutically anticoagulated with
heparin monitored using unfractionated heparin levels adjusted according to emerging data
on the thromboembolic risks associated with COVID-19.25
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Categorical variables are reported as frequency (percentage) and compared using either a
Chi-square or Fisher’s Exact test where appropriate; continuous variables are reported as
median (interquartile range) and compared using a Wilcoxon-Mann-Whitney Rank Sum test.
All time to events were calculated from time of intubation and censored at July 6, 2020. To
compare survival between the two groups a Kaplan-Meier curve was created with
comparison between the two groups using a Log-rank test for equity of survivor function.
Cox Proportional Hazards model for survival and competing-risks regression models, for the
competing risk of death, for outcomes of post-intubation ICU and hospital days and duration
of mechanical ventilation were performed. Confounding variables treated as covariates in
adjusted models included age, use of tocilizumab, and use of convalescent plasma. No
interactions were included due to sample size. Analysis was performed using Stata 16.1
software with p<0.05 considered statistically significant.

Between March 1 and July 6, 2020, 145 patients were admitted to the ICU with a confirmed
diagnosis of COVID-19 pneumonia. A total of 39 patients met the inclusion/exclusion
criteria, of which 18 underwent RVAD/ECMO cannulation (Figure 1). Patient demographics,
comorbidities, and treatment characteristics are summarized in Table 1. Both groups were
comparable with respect to age, gender, race, and medical comorbidities. All patients met
Berlin criteria for severe ARDS. SpO,/FiO, ratios were substituted for PaO,/FiO, ratios if
arterial blood gas data was absent for assessment of the severity of ARDS using previously
reported cutoff values.28 All RVAD/ECMO PaO,/FiO, and SpO,/FiO, values were prior to
cannulation. RVAD/ECMO patients had a significantly lower PaO,/FiO, ratio (93.3 vs 71.9,
p=0.039). Treatment regimens were similar except for the use of tocilizumab (23.8 vs
61.1%, p=0.025) and convalescent plasma (9.5 vs 66.7%, £=0.001) which occurred more
frequently in the RVAD/ECMO group. Surrogate metrics for right ventricular function were
lacking for the majority of patients at the time of intubation and/or RVAD/ECMO support
due to institutional protocols designed to limit provider exposure to COVID-19 infected
patients. Placement of invasive monitors and central venous catheters was often performed at
the time of intubation by one provider to limit both PPE and the frequency of provider
exposure. As a result, central venous pressure, pulmonary artery pressures, and PAPi were
not routinely measured in either cohort. Echocardiographic data was available for 14 of 18
RVAD/ECMO patients and seven of 21 IMV-alone patients (supplementary material, sTable
1). The majority of patients demonstrated echocardiographic evidence of normal RV
function and size without significant tricuspid regurgitation. Patients were hemodynamically
stable at the time of cannulation for RVAD/ECMO patients and at the time of intubation for
IMV-alone patients with minimal vasopressor requirements.

Overall, in-hospital mortality was 33.3% (Table 2). RVAD/ECMO patients demonstrated a
significantly lower in-hospital mortality (52.4 vs 11.1%, p=0.008) compared to IMV-alone
(Table 2.). Kaplan-Meier cumulative mortality was significantly lower for the RVAD/ECMO
group (p=0.009) (Figure 3). Cox proportional hazard model demonstrated a durable survival
advantage for RVAD/ECMO patients (HR 0.17, 0.03 — 0.91) even when including age,
tocilizumab, and convalescent plasma as covariates, which were not significant (£>0.05)
(sTable 2).
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Thirty-day mortality was significantly lower for RVAD ECMO patients (42.9 vs 5.6%,
p=0.011) (Table 2.). ICU and hospital LOS (both overall and post-intubation) were longer
for RVAD/ECMO patients, but not significantly different. Median duration of mechanical
ventilation was numerically shorter for RVAD/ECMO patients (10 vs 5 days, p=0.44), but
not significantly different. The rate of tracheostomy was numerically higher for RVAD/
ECMO patients, but not significantly different (14.3 vs 43.8%, p=0.067). RVAD/ECMO
patients had a significantly lower incidence of acute kidney injury with no patients meeting
criteria versus 15 (71.4%) patients treated with IMV-alone (p<0.001). Competing risk
cumulative incidences for post-intubation ICU and hospital LOS and duration of mechanical
ventilation were not significantly different (#>0.05) even with consideration of covariates
(sTable 3 & sFigure 1)

The majority (72.2%) of RVAD/ECMO patients underwent cannulation within 24 hours of
intubation (Figure 2). Of the five patients cannulated greater than 24 hours after intubation,
four were referred from outside facilities and thus time from intubation to cannulation was
dependent upon the timing of initiating referral. By way of example, one patient initially
achieved adequate oxygenation with conventional ARDS management, but subsequently
developed progressive oxygenation failure several days later at which the patient was
referred for ECMO consideration. Bleeding was the most frequent RVAD/ECMO
complication (25.0%) including two instances of intracranial hemorrhage resulting in the
death. There were no device-related complications observed. RVAD/ECMO patients were
extubated a median of 3 days after cannulation. Following extubation, five (27.8%) patients
required reintubation for behavioral reasons (i.e., agitation), but not respiratory compromise
or airway protection. At the end of the study period, 11 patients had been successfully
decannulated after an average of 13 days on device support, of which ten had been
discharged. Two patients died without being decannulated. Six patients remained in the
hospital, of which, five patients were still on device support and one decannulated, but still
mechanically ventilated. Of the remaining cannulated patients, three were still intubated.

Discussion

Our findings suggest that patients who develop severe COVID-19 ARDS may benefit from
early RVAD/ECMO after meeting criteria for intubation. This approach may represent an
opportunity to improve clinical outcomes as compared to using prolonged invasive
mechanical ventilation. COVID-19 ARDS is characterized by relatively preserved lung
compliance, disproportionate hypoxemia to the degree of lung injury and non-injurious
patterns of spontaneous breathing. While low tidal volume ventilation and prone positioning
are cornerstones for managing non-COVID-19 ARDS, the optimal strategy for COVID-19
ARDS is unknown. Use of moderate to high positive end expiratory pressure (PEEP) usually
accompanies other management strategies in ARDS; however, techniques to set optimal
PEEP levels remain controversial. It is possible the excess PEEP in COVID-19 over-distends
normal lung parenchyma, thereby increasing lung stress and strain which in turn increases
VILI. In conjunction with hypoxemia, the these mechanisms may increase RV afterload,
causing the RV to become dysfunctional. Injurious spontaneous breathing efforts and reverse
triggering during mechanical ventilation may also cause harmful variations in regional trans-
pulmonary pressures exacerbating VILI. Reversal of hypoxemia and mechanical unloading
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of the RV may allow for early extubation by mitigating these harmful effects of mechanical
ventilation.

Our findings are incongruent with previously published data on the role for VV ECMO in
the management of COVID-19 ARDS. Moreover, several landmark trials have failed to
show a mortality benefit from early institution of VV ECMO when randomized against
conventional ARDS treatment.2728 |n the management of severe COVID-19 ARDS, ECMO
has generally shown poor outcomes. Early experience from Wuhan, China across three
series reported a 90% mortality rate.1=3 Similarly, in Shanghai 50% of patients died on
support.2% Data from North America have been more promising but highly variable. Osho et
al. reported an 80% survival to decannulation, while Jacobs et al. a 33% survival to
decannulation.3031

Traditionally in ARDS, VV ECMO is used when impaired gas exchange occurs despite
optimization of ventilatory support. ELSO guidelines recommend ECMO consideration in
ARDS when the mortality risk is 50% or greater and is /indicated when the mortality risk is
80% or greater.22 However, available data suggest that best outcomes are achieved with
“early” ECMO intervention, typically within 1-2 days of disease onset.2228 A 62% relative
increase in mortality has been described in cases where delay in initiating ECMO support
occurred (35 vs 57%).28 A deliberate effort on our part to cannulate early while lung
compliance was still preserved and prior to the onset of multisystem organ failure may have
contributed in part to the observed mortality benefit.

A unique and important feature of ECMO management in this study involves the surgical
approach to cannulation. In the current era, there are three different cannulation options
available to choose from. The first involves cannulation of both common femoral veins
which has been the predominant method in previous efficacy trials.28 While many centers
favor this approach, limitations include difficulties with extubating or ambulating patients.
Innovation in cannula design has led to a second option which overcomes these challenges.
The Avalon™ (Getinge, Gothenburg, SE) and Crescent™ (MC3 Cardiopulmonary, Dexter,
MI) cannula allowing for right internal jugular vein insertion with inflow from the vena cava
and return of oxygenated blood to the right atrium at the level of the tricuspid valve. In cases
where gas exchange serves as the only limitation to recovering a patient, these approaches to
cannulation are likely sufficient. However, COVID-19 is a multisystem disease and in severe
cases adverse cardiac and thromboembolic phenomenon may occur.11-162532 Therefore, we
preferred to use a third cannulation strategy, one in which a large (29 or 31 French) dual
lumen cannula was inserted percutaneously into the right internal jugular vein and passed
into the main pulmonary artery, allowing for mechanical unloading of the RV in addition to
gas exchange and oxygenation.

RV failure is often an underrecognized complication of critically ill patients, especially those
with ARDS.20 In COVID-19, transmission risks to health care workers have tempered the
enthusiasm for routine diagnostic maneuvers such as echocardiography or pulmonary artery
catheters resulting in an under recognition of RV failure which has been described in up to
31% of hospitalized COVID-19 patients and shown to impact mortality.1? Thus we reasoned
that isolated pulmonary support in the form of mechanical ventilation or conventional VV

J Surg Res. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Cainetal.

Page 8

ECMO may be inadequate for these patients.10181933 Moreover, we did not experience any
procedural complications. Bleeding complications from anticoagulation for the ECMO
circuit were also no different from published experience.

Our report has important limitations. The small sample size significantly limits the power
achievable and represents just the beginning of our institutions experience with treating this
novel disease. The study design inherently renders this study susceptible to selection bias.
Since the 21 patients in the control group were not referred for consideration of ECMO
therapy, it is possible that these treatment decisions were due to differences in surgical
candidacy rather than the management preferences of referring providers despite meeting
institutional and ELSO guideline criteria for ECMO consideration. Differences in severity of
illness from unmeasured confounders may also have influenced such decisions. There were
differences in age and important comorbidities such as diabetes and hypertension favoring
the RVAD/ECMO cohort. Although statistically insignificant, our small size precludes
power to detect these differences accurately. These are known risk factors for worse
outcomes in COVID-19 and may have confounded our results. Our approach did not involve
the use of conventional ECMO cannulation strategies, limiting our ability to detect
differences in outcomes between the two via direct comparison. However, published
experiences with traditional VV ECMO report mortalities much higher than seen in this
series, suggesting that an approach using concomitant RV support may be more effective.
21-31 Regardless, the true benefit of concomitant RV support in COVID-19 ARDS remains
unanswered as is the incidence of RV dysfunction given the lack of objective measures of
RV function in this study. While our results paint a favorable picture for blanket RV support,
they do so with limited evidence of RV dysfunction. Thus, the utility of routine RV support
will need to be further investigated in future studies which include conventional VV ECMO
for comparison with patients assigned according to RV function. Routine assessment of RV
function for ECMO candidates using echocardiographic imaging prior to cannulation has
now been incorporated into our institutional practices given our early experience in order to
better identify patients with evidence RV dysfunction and make a more informed
determination whether RVAD support is needed over conventional VV ECMO. Finally, the
confounding effect of evolving COVID-19 treatments (remdesivir and convalescent plasma)
may have also contributed to the improved outcomes in RVAD/ECMO patients. However, in
a multivariate analysis these differences did not appear to bias the results. Despite these
limitations, until a randomized trial can confirm or refute our results, consideration of early
RVAD/ECMO should be given to COVID-19 patients at the point of intubation.

Conclusion

RVAD/ECMO may improve mortality in COVID-19 patients with severe ARDS who require
mechanical ventilation or meet the criteria of intubation as used in our study. Referral to a
multidisciplinary team should be considered at the time of intubation to properly weigh the
risks and benefits of this approach for individual patients. As our experience grows,
resources become less limited, and provider exposure and transmission are better
understood, routine assessment of RV function with reliable surrogates of RV function will
allow better determination of which patients may benefit for concomitant RV support and
more clearly detail its utility in severe COVID-19 ARDS.
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Figure 1.

A 4

RVAD/ECMO (n = 18)

COVID-19 ICU cohort flow diagram. All patients admitted to the ICU were considered
excluding patients based on specified exclusions criteria. Those with severe ARDS were
considered in the final cohort and divided in those who received RVAD/ECMO and those

treated with mechanical ventilation alone. ICU

, intensive care unit; ARDS, acute respiratory

distress syndrome; V'V, venovenous; ECMO, extracorporeal membrane oxygenation; RVAD,

right ventricular assist device
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Time to RVAD/ECMO Support

Mechanical Ventilation < 24 hours 13 patients (72.2%)
Mechanical Ventilation > 24 hours 5 patients (27.8%)
; Procedure Duration 16 minutes (13.5-22)
'Duration RVAD/ECMO support ' 13 days (7.5 - 22)
(n=11)
‘ Bleeding ‘ 4 patients (25.0%)
(n=16)
Oropharyngeal ‘ 3 patients (18.8%)
Pulmonary ' 2 patients (12.5%)
Intracranial ' 2 patients (12.5%)
' Device-Specific Complications [ 0 patients (0%)

(Malposition, Thrombosis, etc.)

'Survival to Device Explant ' 11 patients (84.6%)
(n=13)
'Reintubation ' 5 patients (27.8%)
(n=16)
‘Tracheostomy When ‘ 4 patients (75.0%)
Reintubation Occurred (n=4)

Figure 2.
RVAD/ECMO specific outcomes. The TandemLife™ Protek Duo is a percutaneous right

ventricular assist device (RVAD) which is inserted into the right internal jugular vein. Inflow
to the extracorporeal circuit occurs via the outer, which is positioned in the right atrium,
while outflow to the pulmonary artery occurs via the inner lumen. ECMO, extracorporeal
membrane oxygenation
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Figure 3.
Kaplan-Meier cumulative mortality between RVAD/ECMO and IMV-alone. RVAD/ECMO,

right ventricular assist device/extracorporeal membrane oxygenation; IMV, invasive
mechanical ventilation.
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Total (N=39) IMV-alone (N=21) RVAD/ECMO (N=18) | p-value
Age (years) 53 (44 - 61) 58 (42 - 67) 51 (44 - 57) 17
Gender 43
Female 20 (51.3%) 12 (57.1%) 8 (44.4%)
Male 19 (48.7%) 9 (42.9%) 10 (55.6%)
Pa0,/FiO, ratio 83 (68.4-96.7) (N=31) | 93.3(71-106) (N=17) 71.9 (62 - 85) (N=14) 039
SpO,/FiO, ratio 88.5(82-99) (N=24) | 91.5(83.5-101.4) (N=20) | 68.5 (50— 86) (N=4) .063
Race 49
African American 19 (48.7%) 12 (57.1%) 7 (38.9%)
Non-Hispanic White 12 (30.8%) 6 (28.6%) 6 (33.3%)
Other Race/Ethnicity 8 (20.5%) 3(14.3%) 5 (27.8%)
Comorbidity Count .67
<4 33 (84.6%) 17 (80.9%) 16 (88.9%)
4-5 6 (15.4%) 4(19.1%) 2 (11.1%)
Comorbid Condition
Chronic Lung Disease 13 (33.3%) 6 (28.6%) 7 (38.9%) .50
Hypertension 22 (56.4%) 13 (61.9%) 9 (50.0%) 46
Coronary Artery Disease 3 (7.7%) 0 (0%) 3 (16.7%) .089
Chronic Kidney Disease 3 (7.7%) 2 (9.5%) 1(5.6%) 1.00
Preoperative Hemodialysis 0 (0%) 0 (0%) 0 (0%)
Diabetes Mellitus 15 (38.5%) 9 (42.9%) 6 (33.3%) .54
Obesity 25 (64.1%) 14 (66.7%) 11 (61.1%) 72
Therapies Given
Hydroxychloroquine 24 (75%) (N=32) 16 (76.2%) (N=21) 8 (72.7%) (N=11) .83
Azithromycin 24 (75%) (N=32) 18 (85.7%) (N=21) 6 (54.6%) (N=11) 053
Doxycycline 11 (34.4%) (N=32) 6 (28.6%) (N=21) 5 (45.5%) (N=11) A4
Tocilizumab 16 (41.0%) (N=39) 5 (23.8%) (N=21) 11 (61.1%) (N=18) 025
Prednisone 7 (21.9%) (N=32) 4(19.1%) (N=21) 3 (27.3%) (N=11) 67
Hydrocortisone 5 (15.6%) (N=32) 4 (19.1%) (N=21) 1(9.1%) (N=11) .64
Dexamethasone 7 (21.9%) (N=32) 6 (28.6%) (N=21) 1(9.1%) (N=11) 37
Convalescent Plasma 14 (35.9%) (N=39) 2 (9.5%) (N=21) 12 (66.7%) (N=18) .001
Remdesivir 2 (6.3%) (N=32) 2 (9.5%) (N=21) 0 (0%) (N=11) 53
Proning 37 (97.4%) (N=38) 19 (95%) (N=20) 18 (100%) (N=18) 1.00

IMV, invasive mechanical ventilation; RVAD/ECMO, right ventricular assist device/extracorporeal membrane oxygenation
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Outcomes of COVID-19 Patients

Table 2:

Total (N=39) IMV-alone (N=21) RVAD/ECMO (N=18) | p-value
In hospital mortality 13 (33.3%) 11 (52.4%) 2 (11.1%) .008
30-day Mortality 10 (25.6%) 9 (42.9%) 1 (5.6%) 011
ICU LOS (days) 13 (6-27) (N=37) | 11.5(6 - 22.5) (N=20) 21 (9 - 36) (N=17) 067
Post-intubation ICU days | 12 (6 —27) (N=37) | 8.5 (5.5-22.5) (N=20) 16 (9 - 27) (N=17) 17
Hospital LOS (days) 18 (9 - 36) 14 (8 - 29) 25.5 (17 - 39) .054
Post-intubation hospital days 16 (8-32) 9(6-27) 20 (11 - 40) 14
Duration of mechanical ventilation (days) | 7.5 (1 -22) (N=26) 10 (5 - 20) (N=10) 5 (1-34) (N=16) 44
Acute kidney injury 15 (38.5%) 15 (71.4%) 0 (0%) <.001
Tracheostomy 10 (27.0%) (N = 37) 3 (14.3%) (N=21) 7 (43.8%) (N=16) 067

IMV, invasive mechanical ventilation; RVAD/ECMO, right ventricular assist device/extracorporeal membrane oxygenation; ICU, intensive care

unit; LOS, length of stay
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