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ABSTRACT

Background: Weaning of ventilated COVID-19 patients from ventilators has been a major problem in some of
these patients. We performed hemoperfusion in a selective group of COVID-19 patients to facilitate weaning from
the mechanical ventilation (MV).

Methodology: The present study was a retrospective case series of 30 consecutive COVID-19 patients, who
showed difficulty with weaning off the ventilator. Hemoperfusion was performed by the HA330 disposable
hemoperfusion cartridge (Jafron, China). Before and after hemoperfusion, changes in patients' hemodynamics,
improvement in consciousness level, oxygen saturation, hypercapnia, initiating spontaneous breathing, and
changes in lung involvement were assessed.

Results: The patients average age was 48.38 + 15.04 years, with 17 (56.7%) females. The post-hemoperfusion
values of SpO: (P < 0.001), mean arterial pressure (P = 0.003), positive end-expiratory pressure (P < 0.001), heart
rate (P < 0.001), and ratio of arterial oxygen partial pressure to fractional inspired oxygen (P < 0.001) were
significantly different compared to their pre-hemoperfusion values. The outcome of patients showed a significant
relationship with age (P = 0.017) and spontaneous ventilation (P = 0.001).

Conclusions: The findings endorse the implementation of hemoperfusion for ICU-hospitalized COVID-19 patients
experiencing difficulty in weaning from mechanical ventilation. Hemoperfusion demonstrated significant
improvements in vital signs for the majority of patients and was associated with a successful weaning and survival
rate of 63.3%. While these results are promising, further evidence is needed to consider hemoperfusion as an
accepted clinical approach.

Abbreviations: APACHE I, acute physiology and chronic health evaluation-ll, ARDS: acute respiratory distress
syndrome, HR: heart rate, IL: interleukin, MV: mechanical ventilation, MAP: mean arterial pressure, RR:
respiratory rate, PEEP: positive end-expiratory pressure, TNF-a: tumor necrosis factor alpha,
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1. INTRODUCTION

The emergence of SARS-CoV-2, a novel coronavirus
strain causing coronavirus disease 2019 (COVID-19),
profoundly impacted healthcare systems worldwide.!
Given the widespread prevalence of COVID-19 and
the lack of a definitive and specific treatment posing a
serious threat to human health, significant efforts were
made to develop effective treatment methods to reduce
mortality and improve clinical symptoms of critically
ill patients.? Inflammation plays a crucial role in the
pathogenesis of COVID-19 and exacerbates its
outcomes. An excessive immune response and
cytokine storm can cause severe damage to lung tissue
and other organs and lead to acute respiratory distress
syndrome (ARDS) and multiorgan failure, thereby
significantly increasing the risk of patient mortality.?
Studies have shown that inflammation in the body is
initiated by cytokines, including interleukins (ILs) 1,
6, 8, 11 and 12, interferon-gamma, and tumor necrosis
factor alpha (TNF-0), and is modulated by anti-
inflammatory mediators such as IL-1Ra, IL-4Ra, and
IL-10Ra.* Dysregulation of the pro-inflammatory/anti-
inflammatory cytokine axis triggers a cytokine storm,
which can aggravate the patient's condition and cause
organ dysfunction. These complications lead to
prolonged ICU stays, increased dependence on
mechanical ventilation, and higher mortality of these
patients.*®

Various methods, collectively known as extracorporeal
clearance, are available to clear inflammatory
mediators from the bloodstream, including
hemodialysis, hemofiltration, hemoperfusion, and
plasma exchange.® Among them is hemoperfusion,
which can reduce pre-inflammatory cytokines that
cause sepsis and shock, resulting in widespread
inflammation and organ failure in patients.” This
treatment method has been used historically as a life-
saving last resort for drug poisonings such as salicylate
and ethylene glycol poisonings where antidotes are not
available, and physical removal of the toxic substance
from the blood is inevitable.® Hemoperfusion has been
proposed as a therapeutic method for alleviating the
cytokine storm in patients with septic shock induced
by drug-resistant HIN1 influenza virus infection.’ It
has also been successfully wused to treat
hypercytokinemia in patients with severe respiratory
distress due to HINT1 influenza.'® Thus, hemoperfusion
is thought to be potentially effective for COVID-19
illness. Initial evidence has also indicated that
hemoperfusion may be effective in reducing mortality
rate among individuals with COVID-19.!"14

The practical experience of the authors during the
pandemic showed that some critically ill COVID-19
patients who received mechanical ventilation
experienced difficulty weaning from the ventilator
after completing the treatment course. Suspecting the
potential impact of cytokines in the patient’s body on
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impeding weaning from the ventilator, the authors
utilized hemoperfusion in this group of patients, which
resulted in positive outcomes. The current research
seeks to evaluate the efficacy of hemoperfusion in
ICU-hospitalized COVID-19 patients with difficult
weaning from mechanical ventilation.

2. METHODOLOGY

The present study was a retrospective case series of 30
consecutive COVID-19 patients hospitalized in the
ICU of Imam Khomeini Hospital (Ardabil, Iran) from
March 20, 2020 to March 20, 2021, who experienced
difficulty weaning off the ventilator. The study was
approved by the ethics committee of the Ardabil
University of Medical Sciences (No.:
IR.ARUMS.MEDICINE.REC.1401.074).

The inclusion criteria were: (1) Despite passing seven
days from the first attempt at weaning, the patient
could not successfully be weaned off the ventilator; (2)
After complete implementation of the standard
weaning protocol, the patient was in stable
cardiopulmonary and electrolyte status and showed the
necessary readiness for weaning from the ventilator
but experienced unexplained weaning failure; (3) Age
between 20-75 years, and (4) Ferritin levels above
2000 mg/dL. In addition, all patients were evaluated
for weaning-related underlying diseases and were
stable, without any underlying disease affecting
weaning.

They underwent hemoperfusion once or twice at
intervals of 48-72 hours. Hemoperfusion was
performed by the HA330 disposable hemoperfusion
cartridge  (Jafron, China). All hemoperfusion
procedures were performed under the supervision of
the hospital's scientific committee, including
respiratory, infectious disease, anesthesia, and
hematology services. The standard protocol of
weaning from the ventilator was implemented. One
week was considered necessary for weaning. Before
and after hemoperfusion, changes in patients'
hemodynamics, improvement in consciousness level,
oxygen saturation, hypercapnia, initiating spontaneous
breathing, and changes in lung involvement were
assessed. The collected variables for each patient were
sex, age, disease history, mean arterial pressure
(MAP), heart rate (HR), respiratory rate (RR),
saturation of peripheral oxygen (SpO.), positive end-
expiratory pressure (PEEP), ratio of arterial oxygen
partial pressure to fractional inspired oxygen (P/F
ratio), plateau pressure, compliance, spontaneous
ventilation, number of hemoperfusion treatments,
complications of hemoperfusion, duration of
hospitalization, duration of intubation, APACHE II
score, outcome, and the cause of death (if any).

The data were analyzed using SPSS V.25 (SPSS,
RRID:SCR_002865).  Quantitative  data  were
presented as average and standard deviation (SD),
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Table 1: Patient characteristics by outcome

Parameters P-value
Successfully
weaned

weaning, while eleven (36.7%)
patients lost their lives. The causes
of death were unsuccessful weaning
(23.3%), renal failure (6.7%),
deteriorated consciousness (3.3%),

441 + 15.6 50.6 + 10.2 0.017 and cardiac complications (3.3%).

Gender The outcome of patients showed a

e Male 8 (42.1) 5 (45.5) 0.858 significant relationship with age (P

= 0.017) and spontaneous

» Female 11(57.9) 6 (54.4) ventilation (P = 0.001) but no

Disease history statistically meaningful association

e Yes 13 (68.4) 11 (100) 0.061 with gender (P = 0.858), disease

history (P = 0.061), duration of

¢ No 6(31.6) 0 hospitalization (P = 0.776), and

Hospitalization duration 30.3+19.1 28.1+13.2 0.776 number of hemoperfusion
Hemoperfusion 1.56 + 0.50 1.71£048 0499 treatments (P = 0.499) (Table 1).

treatments

The post-hemoperfusion values of

Data presented as n (%) or mean + SD

P/F ratio (P < 0.001), MAP (P =

while categorical data were described in terms of
frequency and percentage. The normality of data
distribution was evaluated using the Kolmogorov-
Smirnov test. Independent t-test, Mann-Whitney U
test, paired t-test, and Wilcoxon test, were used for data
analysis. A P < 0.05 was deemed to be statistically
significant.

3. RESULTS

The patients average age was 48.38 (SD =15.04) years.
Seventeen (56.7%) patients were female, and thirteen
(43.3%) were male. Twenty-four (80%) patients had a
history of underlying diseases. The mean duration of
hospitalization and intubation for patients were 28.60
+ 17.08 and 22.56 + 19.14 days, respectively. The
APACHE 1I score for patients was 32.20 + 20.86.
Complications of hemoperfusion were observed in 5
(16.7%) patients (gastrointestinal bleeding in 13.3%
and kidney gangrene in 13.3% of the patients).
Twenty-three (76.7%) patients had successful

0.003), HR (P < 0.001), PEEP (P <
0.001), and SpO, (P < 0.001) were significantly
different compared to their pre-hemoperfusion values.
However, no statistically meaningful differences were
noted in pre- and post-hemoperfusion values of RR (P
=0.086), plateau pressure (P =0.709), and compliance
(P=10.563) (Table 2).

4. DISCUSSION

With the global emergence and spread of COVID-19
and the failure of healthcare systems to control it,
various approaches for managing and treating patients
with this disease, particularly critically ill patients,
have been proposed. Impaired immunoregulation
plays a significant role in the pathogenesis of acute
respiratory distress syndrome and multiorgan failure
observed in critically ill COVID-19 patients.'
Numerous cytokines are involved in this pathway,
which could potentially be eliminated from the
patient's circulation via a technique known as
hemoperfusion.> Hemoperfusion involves the use of
specialized devices that selectively remove molecules
such as endotoxins or provide broad

Table 2: Hemodynamic parameters of patients before and after

hemoperfusion

Parameter Before After
hemoperfusion hemoperfusion value

adsorption of pro-inflammatory
mediators. Despite being utilized for
many years, hemoperfusion has
shown varying results in clinical

o practice.!® In this research, we
SPO2 (%) 0716 95.2+20 <0.001 examined the effect of
MAP (mmHg)  73.4 + 3.1 76.5+3.7 0.003 hemoperfusion on the weaning of
RR (per min) 12.9+1.6 11.9+23 0.086 difficult-to-wean patients who had
HR (per min) 990+92 850+73 <0.001 failed to be weaned off the Ventillgt'or

- for seven days after the initial
P/F ratio 74.1£122 149.2£17.3 <0.001  attempt due to unexplained reasons.

+ + <

PEEP (cmH,0) 94:16 7311 0.001 The results of our study presented
Platue 23.1+3.1 217432 0.709 evidence supporting the efficacy of
pressure hemoperfusion in  COVID-19
Compliance 30.2+54 321+46 0.563 patients with difficult weaning. Of
Data presented as mean + SD 30 ICU-hospitalized corona patients
undergoing mechanical ventilation
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who experienced difficulty weaning from the
ventilator, 19 (63%) were successfully weaned off the
ventilator after hemoperfusion.

In the current study, the deceased patients had a
significantly higher age compared to those who were
successfully weaned from the ventilator and survived
(P=0.017). Advanced age is identified as a significant
contributing factor for mortality in COVID-19, and our
results are consistent with previous findings. The
reason is that aging contributes to immune dysfunction
in older people due to immune-senescence and
inflammations. In addition, the prevalence of
underlying diseases, which are strongly associated
with COVID-19-related mortality, is higher in elderly
patients.!”!® These factors play a role in the higher
severity of the disease and, consequently, the higher
mortality in elderly patients with COVID-19.
Moreover, they may compromise the expected
effectiveness of various therapeutic interventions and
increase the mortality in this age group despite
treatment intervention.

The present study indicated a tendency towards a
significant association between underlying diseases
and successful weaning from the ventilator, with lower
rates of successful weaning in patients with underlying
diseases (P = 0.061). Our finding aligns with previous
studies demonstrating a strong association between
underlying diseases and death rate among individuals
with COVID-19."

The frequency of death among the patients was 36.7%
in our study, which is much higher than the overall
mortality reported by the World Health Organization
(WHO) for COVID-19 patients.?’ The high mortality
rate in corona patients in the current study can be
explained by the fact that they were all critically ill and
mechanically ventilated in the ICU. In a recent
systematic review and meta-analysis (2021) on 33
studies, including 13398 COVID-19 patients, the
mortality rate of hospitalized coronal patients was
estimated as 17.1%?' and ranged from 11.5 to 40.5%
depending on the disease severity. The frequency of
death in our patients is within the same range and close
to the upper bound.

Several other studies have also examined the
therapeutic effect of hemoperfusion on COVID-19
patients. In a study by Dastan et al.,'' SpO, levels
increased following hemoperfusion. Their result is
consistent with our finding regarding the improvement
of vital signs of patients with severe COVID-19
disease after hemoperfusion. Asgharpour et al.!?
reported improvement in 60% of COVID-19 patients
after hemoperfusion, which is close to our reported rate
of 63.3%. Similarly, a study by Mikaeili et al.'3 found
that hemoperfusion led to a notable improvement in
symptoms and a decrease in mortality rates among
patients with severe COVID-19. In line with our
finding, Abbasi et al.'* discovered that patients
undergoing early perfusion were less likely to require
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mechanical ventilation and had a significantly reduced
duration of mechanical ventilation than those who did
not receive hemoperfusion.

Conversely, Soleimani et al?> reported that
hemoperfusion did not affect mortality in corona
patients and that there was no notable disparity in
mortality rate between hemoperfusion and control
groups. Following treatment with hemoperfusion,
improvement in ventilation and respiratory status has
been reported in ARDS cases, in addition to
hemodynamic improvement.” Consistently, in our
study, post-perfusion SpO, level significantly
increased compared to its pre-perfusion value. In the
study by Dastan et al., the SpO, level increased
considerably in a COVID-19 patient following
hemoperfusion, and his clinical status improved.!" In
another study by Kozohiro et al. hemoperfusion
improved hypoxemia in patients with severe ARDS
and under mechanical ventilation.?*

5. LIMITATIONS

The main limitations of this study include its single-
center design, small sample size, and the lack of a
control group.

6. CONCLUSION

In conclusion, our study findings support the use of
hemoperfusion in ICU-hospitalized COVID-19
patients experiencing difficulty in weaning from
mechanical ventilation. Hemoperfusion demonstrated
significant improvements in vital signs for the majority
of patients and was associated with a successful
weaning and survival rate of 63.3%. While these
results are promising, further evidence is needed to
consider hemoperfusion as a routine clinical approach.
Future large-sample multicenter studies are warranted
to corroborate and elucidate our observations.
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