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BACKGROUND

Abstract
Background

It remains unknown to what degree lung physiology is altered by administration of
convalescent plasma in patients intubated with ARDS due to COVID-19 pneumonia.
Although no longer clinically used as treatment for COVID-19, convalescent plasma
therapy could be deployed again should new virus threats emerge in the future.

Aim
To evaluate changes in ventilator physiologic variables in response to convalescent

plasma transfusion using a retrospective, observational, case control study of
intubated patients with COVID-19 pneumonia.

Methods

Patients who were receiving mechanical ventilation due to COVID-19 at the time
of administration of convalescent plasma therapy (CPT) were matched to control
patients who did not receive convalescent plasma. Ventilatory data such as
compliance, positive end-expiratory pressure (PEEP), FiOz administered, PaOZ/ FiOz
ratio, and tidal volume were collected pre and post administration. Panel-level
random-effects linear regression models were used to assess the mean difference and
interactions between CPT and cases vs controls over time.

Results

12 patients received CPT while intubated and were matched to 35 intubated control
patients who did not receive CPT. In total, 857 separate measurements of static
compliance were obtained over time. No significant difference in static compliance
was seen after CPT. In cases, adjusted mean static compliance was 30.8 (95% CI
(23.3, 38.4))mL/cm H,O before CPT and 28.2 (95% CI (20.7,35.6)) mL/cm H,O
afterwards. Controls adjusted mean static compliance was 33.9 (95% CI (29.5, 38.4))
mL/cm H,O before versus 32.2 (95% CI (27.9, 36.5)) mL/cm H,O afterwards.
Variables that had small but statistically significant differences pre vs post CPT among
cases and controls were systolic and diastolic blood pressure, FiOz, heart rate, applied
PEEP, and respiratory rate.

Conclusion

While some statistically significant physiologic effects were seen with CPT in
mechanically ventilated patients, these were deemed to be small and clinically
insignificant. This is consistent with prior research on less acutely ill COVID-19
patients.

globally. Similarly, the number of deaths associated with
this disease continues to rise. The virus has been respon-

Coronavirus disease 2019 (COVID-19), caused by severe ~ sible for 6,557,284 deaths globally (https://coron-
acute respiratory Syndrome coronavirus 2 (SARS_ avirus.'hu.eduz maphtml) as of 10/09/2022. COVID-19

CoV-2), continues to spread across the United States and has a variety of clinical manifestations; from asympto-
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matic cases to death from acute respiratory distress syn-
drome and/or multiorgan failure.12  Convalescent
plasma collected from patients who have recovered from
COVID-19 was widely available in the USA as an experi-
mental treatment for COVID-19 through an Emergency
Use Authorization from the FDA.

Use of convalescent plasma therapy (CPT) stretches
back over 100 years. Most recently it was used during
outbreaks of similar viruses (SARS-CoV-1 and MERS-
CoV) even though only a few small studies described its
efficacy. One retrospective nonrandomized study with 19
patients infected with SARS-CoV-1 who received CPT
demonstrated improved mortality.3 In another uncon-
trolled study with 80 patients infected with SARS-CoV-1
who received CPT, there was a benefit shown when the
experimental drug was given early in the disease course
(<14 days of illness).*

In 2020 the United States Food and Drug Admin-
istration (US FDA) issued an emergency use authoriza-
tion (EUA) for the use of CPT in the treatment of
COVID-19.5 At the time, early studies looking at safety
showed promise but were underpowered for outcomes
such as mortality, hospital duration, or ventilator free
days.®8 Additional small studies showed modest clinical
benefit.”"13 The only clinical trial at the time was termi-
nated early after only enrolling 103 patients. It did show
improvement in patients considered severely ill, but for
those who were considered ‘life-threatening’ (mechani-
cally ventilated, shock, or other organ failure) it did not
demonstrate any clinical improvement.14 Similar to prior
experience with use of CPT in coronaviruses, early ad-
ministration of CPT seemed to provide greater benefit.®
12

Since the EUA was granted, however, there have been
multiple clinical trials published largely demonstrating
no clinical benefit to CPT use in COVID-19.15-19 Ad-
ditionally a Cochrane review published in July of 2020
including 1 RCT and multiple other studies concluded
that the evidence for benefits and harms of CPT in the
treatment of COVID-19 to be “uncertain.”?? A meta-
analysis published in early 2021 demonstrated no mortal-
ity or clinical benefit of CpT.2!

Nevertheless, there is minimal published data on the
use of CPT in patients who are supported by invasive
mechanical ventilation. Only two clinical trials included
a significant number of intubated patients who received
CPT. Neither included data regarding ventilatory para-
meters for subjects who receive the intervention while
already intubated.1>17 In the RECOVERY trial, a sub-
group analysis of patients receiving invasive mechanical
ventilation favored usual care over CPT although this was
not statistically signiﬁcant.17 Thus far there have been
only two studies that have commented on ventilatory
physiologic parameters. In one study of 5 ventilated pa-
tients there was a statistically nonsignificant increase in

PaO,/FiO, ratio.® The other was a single arm multicen-
ter trial of CPT with 46 patients. Only 7 were intubated
although all were diagnosed with moderate-severe acute
respiratory distress syndrome (ARDS). This found an in-
crease in the PaO,/FiO, of 112 (95% CI (82,142)) for
surviving patients 7 days post infusion.!! Neither study
used a control arm making it difficult to determine if the
intervention was responsible for these changes.

Given the rapid availability of convalescent plasma,
this treatment could be deployed against future virus
threats such as Ebola, SARS-CoV-1, and MERS, and it
may be helpful for others to know how administration
affects ventilator mechanics. Current guidelines suggest
that future convalescent plasma studies be directed to-
wards hospitalized patients with humoral immunodefi-
ciencies, or with undetectable or low levels of anti-SARS-
CoV-2 antibodies.?2

Several potentially competing mechanisms for
plasma-lung interaction exist. It could be speculated that
the colloid volume of approximately 200 ml of plasma
may, in and of itself, worsen lung compliance. Prior work
has suggested an increase in lung injury score due to in-
creased intrathoracic plasma volume after cardiac and
major vascular surgery.?? Plasma therapy also carries risk
of immune mediated transfusion associated lung injury
(TRALI), mostly associated with donor leukocyte anti-
body.24

The predominant proposed protective mechanism for
convalescent plasma is thought to be pathogen neutral-
ization, although antibody-dependent cellular cytotoxi-
city and enhanced phagocytosis may also play a role.?>
Neutralizing antibodies moderate the ongoing alveolar
inflammation associated with COVID pneumonia (in
fact this is how a person’s own native humoral immunity
eventually clears the lung). An improvement in overall
lung compliance could be reasonably proposed based on
this.

Our aim is to explore changes in ventilator physiologic
parameters in response to CPT transfusion using a retro-
spective, observational, case-control design.

METHODS

Trial Design

This is a single center case control study. As this is a retro-
spective study, no consent was obtained or required. The
research protocol including data acquisition, deidentifi-
cation, storage, review, and analysis was approved by the
study center institutional review board. This trial was in-
vestigator initiated with no commercial involvement.

Study Population

Patients were aged 21 years or older diagnosed with
COVID-19 pneumonia confirmed by rt-PCR, intubated
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Figure 1. Matched controls were given a place holder time of ‘no intervention’ equal to the elapsed time post intubation that cases received
CPT. Data was then obtained up to 48 hours dpre CPT, or intubation, whichever was shorter. Data was obtained up to 7 days post CPT. If
extubation or death occurred prior to 7 days data collection stopped at that point.

Table 1. Patient Characteristics

Variable Controls Cases P-value
N=35 N=12
Demographics
Age; Median [25t, 75™ Percentile] 64 [49,72] 65 [50,72] 0.94
Female Sex (n, %) 12 (34.3%) 4(33.3%) 1.00
APACHE IV Score on Admission; Median [25th, 75th Percentile] 93 [68, 110] 74 [41,101] 0.27
Hospital Day of Intubation; Median [25th, 75th Percentile] 2 [0,4] 5[1,7] 0.22
Volume of Plasma (cc); Median [25th, 75th Percentile] NA 201 [198, 203] NA
Duration Variables; Median [25t0, 75th percentile]
Total Study Duration (Days)--Collection End Date minus Collection Start Date 84, 9] 8[6,9] 0.69
Time from Collection Start to CPT (or Index) Time (Days) 2[1,2] 2[1,2] 0.87
Time from Hospital Admission to CPT Time (Days) 51(3,9] 84, 11] 0.39
Length of Stay (Days) 22[12,31] 18 [13, 26] 0.47
In-Hospital Mortality; n (%) 19 (54.3%) 7 (58.3%) 0.81

on mechanical ventilation and were eligible to receive
CPT between March 1, 2020 and December 31, 2020.
Subjects eligible to receive CPT met the following cri-
teria: bilateral pulmonary infiltrates consistent with
COVID pneumonia; respiratory failure requiring high
flow supplemental oxygen, non-invasive ventilation, or
mechanical ventilation; and symptom onset less than 10
days. Although the diagnosis of ARDS was not required
for enrollment into the study, all participants met criteria
for at least mild ARDS at the time of intubation (mean
P/F ratio 122, SD 34). The decision to administer the
plasma was ultimately at the discretion of the attending
physician. Exclusion criteria included those patients not
meeting the above inclusion criteria. Lung protective ven-
tilator strategy with initial tidal volume (Vt) setat 6 cc/ kg
ideal body weight (IBW) to Vt 8 cc/ kg IBW was the de-
fault setting used for all patients.

Trial Procedures

The study institution maintains an internal database of
patients admitted to the intensive care unit. Using this
database, the investigators identified the study popula-
tion. Subjects given CPT were then identified as cases.
Case subject characteristics were collected from the data-
base including age, sex, and comorbidities. Additionally,
a manual chart review identified the use of remdesivir and
dexamethasone. Potential controls were identified via the
same database. Controls were selected based on match-
ing for age, sex, and comorbidities. A scoring system was
used to match for comorbidities indicated by the Centers
for Disease Control (CDC) as imparting increased risk
of morbidity and mortality for COVID-19 pneumonia
including reliance on hemodialysis, liver disease, chronic
lung disease, diabetes mellitus (Type I and Type II), ma-
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lignancy, chronic congestive heart failure, coronary artery
disease, cerebral vascular disease, obesity, and history of
tobacco use.228 One point was assigned to each comor-
bidity. Cases and controls were matched on this score.
Additional matching was then done for the use of remde-
sivir and dexamethasone.

Once case subjects and potential control subjects were
identified, a further manual chart review was done to col-
lect intubation time, time of CPT administration (for
cases), time of extubation (or death, whichever comes
first), and in hospital mortality (yes/no). Time from in-
tubation to CPT administration was determined for each
case. Potential controls who did not remain intubated for
at least the same amount of time that cases took to receive
CPT (using intubation as time 0) were removed.

To allow concordant statistical analysis, matched con-
trols were given a place holder time correlating to the
cases actual time of CPT administration. (Figure 1). As
an example, if CPT was administered 30 hours post intu-
bation in a case, the matched controls place holder time
would be intubation + 30 hours. Dependent variables
(including compliance, positive end-expiratory pressure
(PEEP), FiO2, tidal volume, PaO,/FiO, ratio, and blood
pressure) were extracted for all subjects. These data were
collected starting 48 hours (or intubation time, if <48
hours) prior to CPT administration for cases, through
7 days post CPT administration. Similarly, data was col-
lected starting 48 hours prior to matched control place
holder time, through 7 days post place holder time. Data
collection ceased if the patient was extubated or died.

Statistical Analysis

Patient characteristics were summarized as medians with
interquartile ranges [IQR] for continuous data or as
counts and frequencies for categorical data. We compared
median differences between cases and controls with the
Mann-Whitney test and differences in frequencies with
the Chi-square test unless a cell count was <5, wherein
the Fisher exact test was used.

To determine if the change in the physiological vari-
ables (e.g., static compliance) differed between cases and
controls over time, we created panel-level random-eftects
linear regression models that took the repeated nature of
the data over time and their sequential order within each
patient (i.e., panel) into account for each physiological
variable. To reduce the effect of implausible outliers, each
variable had its values > 99th percentile and < 1st per-
centile excluded from the regression models. Predictors in
each model were patient group (cases vs controls), an in-
dicator variable for time pre vs post CPT therapy, and an
interaction term for patient group and time Pre vs Post
CPT. Adjusted marginal effects were then derived for the
main effects and interaction term in each model along
with 95% confidence intervals (CI). All p-values < 0.05
were considered statistically significant.

RESULTS

patients received CPT while intubated (cases) and were
matched 1:3 to 35 intubated control patients who did
not receive CPT (1 case had only 2 matched controls).

Table 1 shows patient characteristics for the study. 12
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Table 2. The Median and Interquartile Range of Variable Values Stratified by Case vs Control and Before vs After Convalescent Plasma

Therapy (CPT) Administration

Variable Before CPT Time After CPT Time Before CPT Time After CPT Time
Control Group Control Group Case Group Case Group
Median [25th, 75th Median [25th, 75th Median [25%h, 75th Median [25%h, 75th
Percentile] Percentile] Percentile] Percentile]

Compliance Static (cm 2923, 36] 28 [20, 38] 2619, 37] 19[12, 32]

H,0

Systolic Blood Pressure 112 [102, 124] 119 [107, 130] 111 [98, 134] 123 [103, 148]

(mm Hg)

Diastolic Blood Pressure 62 [54,72] 68 [58, 78] 64 [55,76] 64(57,77]

(mm Hg)

FiO, (%) 45 [40, 65] 50 [40, 60] 50 [40, 60] 50 [40, 70]

Heart Rate (bpm) 92[81, 105] 92 [79,104] 9783, 113] 100 [82, 116]

Oxygen Saturation (%) 94[92, 97] 94[92,96] 9491, 97] 9491, 97]

PEEP (cm H,0) 14 [10, 15] 13 [10,15] 12[10, 15] 10 [8, 14]

Plateau Pressure (cm 25 [22,30] 28 [24, 30] 28 [24, 35] 32(27,38]

H,0)

Respiratory Rate (br/ 26 [22,31] 25 [20,30] 30 [23, 35] 30 [21, 35]

ming

Tidal Volume (mL) 400 [350, 450] 400 [360, 450] 420 [370, 500] 360 [320, 500]

Ventilator Set Rate (br/ 2820, 35] 25 [20,32] 30 [24, 35] 35 [24, 35]

min)

pO, (mm Hg) 78 [67, 91] 7465, 91] 81 [64, 129] 6863, 86]

P/F Ratio 144 [93, 184] 142 [100, 173] 195 [128, 302] 105 [86, 131]

The median age of patients with and without CPT were
similar: 65 vs 64 years, respectively (p=0.94). The median
[IQR] APACHE IV score at the time of ICU admission
was 74 [41,101] for cases and 93 [68,110] for controls
(p=0.27). Median hospital day of intubation for cases was
S days vs day 2 for controls, p= 0.22. For the 12 cases, the
median [IQR] total number of days physiologic data was
obtained was 8 [6, 9] days. Data collection began a me-
dian of 2 days prior to the administration of CPT. The
median [IRQ] length of time from hospital admission to
CPT administration was 8 [4,11] days. The controls had
similar values. Table 2 shows the unadjusted median and
IQR results for each physiological variable for cases and
controls by Pre vs Post CPT time.

Table 3 presents the adjusted mean (marginal) effects
of the physiologic variables studied, and the sample size
for each variable. The variables of static compliance,
plateau pressure, and pO, required a respiratory therapist
to assess and manually input ventilator data. As such,
these data are obtained less frequently than data which is
automatically generated and input into the hospital data-
base such as heart rate, blood pressure, and respiratory
rate. For example, 857 separate measurements of static
compliance were obtained in total.

No significant difference was noted in static compli-
ance after CPT. In cases, static compliance was 30.8 (95%
CI: 23.3, 38.4) mL/cm H20O before CPT, and 28.2 (95%
CI: 20.7, 35.6) mL/cm H,O afterwards. This was similar
to matched controls, where static compliance was 33.9
(95% CI: 29.5, 38.4) mL/cm H,O before time-indexed
‘non-intervention’ and 32.2 (95% CI: 27.9, 36.5) mL/cm
H,O afterwards. Figure 2 presents the static compliance

results for cases; pre CPT static compliance is depicted
as a black line and post CPT is depicted as a red line.
There were no significant trends found in static compli-
ance among cases (n.b., 3 cases [subjects #4, 7, and 8] did
not survive long enough and/or have a sufficient number
of static compliance measurements to report).

Table 3 does highlight in bold-face and in color the
physiologic variables that had a statistically significant in-
teraction term (i.e., the amount of change in the physio-
logic variable from Pre vs Post CPT time differed more
than expected between cases and controls). For example,
diastolic blood pressure (DBP) increased from 64.3
mmHg to 68.4 mmHg after CPT among cases while the
mean DBP remained stable for controls in the pre vs post
periods: 65.3 vs 65.0 mmHg (and the interaction be-
tween case vs control and pre vs post CPT was significant,
with p<0.001). Similarly, systolic blood pressure (SBP)
also increased from 117.3 mmHg to 125.2 mmHg after
CPT for cases, while the control group remained stable:
115.3 vs 117.8 mmHg, interaction effect p = 0.001. In-
terestingly after CPT, tidal volume decreases from 429.5
(95% CI: 389.2, 469.8) mL to 403.0 (95% CI: 362.6,
443.3) mL, while in the control group tidal volume in-
creased from 416.8 (95% CI: 393.1, 440.4) mL to 432.9
(95% CI: 409.3, 456.5) mL, interaction effect p<0.001.
Other physiological variables that had small but statisti-
cally significant different values pre vs post CPT among
cases and controls were FiO,, heart rate, applied PEEP,
and respiratory rate (See Table 3).
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Table 3. Adjusted Marginal Effects for Variables with Significant Interaction of Group & Before vs After Periods

Systolic Blood Pressure (mm
Hg

Diastolic Blood Pressure (mm

Hg)2
Applied FiO, (%)

Heart Rate (bpm)

3,425

3,437

7,843

9,297

115.3;
(111.5, 119.2)

65.3;
(61.9, 68.7)

52.0;
(46.4, 57.5)

91.9;
(87.8, 96.0)

117.8;
(114.1, 121.6)

65.0;
(61.6, 68.3)

50.5;
(45.0, 56.0)

93.3;
(89.2,97.3)

117.3;
(111.1, 123.6)

64.3;
(58.8, 69.9)

56.3;
(46.9, 65.8)

99.3;
(92.3,106.2)

Sample Before CPT After CPT Before CPT After CPT
Size* Time Time Time Time
Control Group Control Group Case Group Case Group
Margins; 95% Margins; 95% Margins; 95% Margins; 95%
CIs CIs CIs CIs
Static Compliance (cm H,O) 857 33.9; 32.2; 30.8; 28.2;(20.7,35.6)
(29.5,38.4) (27.9,36.5) (23.3,38.4)

125.2;
(119.1, 131.3)

68.4;
(62.9, 73.9)

56.5;
(AN

98.7;
(91.8, 105.6)

Oxygen Saturation (%) 9,091 94.2; 93.8; 93.9; 93.7;
(93.6, 94.9) (93.2, 94.4) (92.8, 95.0) (92.6, 94.8)

6,316 12.8;

Applied PEEP (cm H,0)
(11.6,13.9)

12.0; 13.2; 11.7;
(10.9, 13.1) (11.3,15.1) (9.8, 13.6)

Plateau Pressure (cm H,0) 994 25.2; 26.6; 27.8; 29.6;
(23.6,26.8) (25.1,28.1) (25.1,30.5) (26.9,32.2)

Respiratory Rate (br/min) 9,567 25.9; 25.4; 28.8; 27.2

(24.3, 27.4) (23.8, 26.9) (26.1, 31.4) (24.6, 29.8)
Tidal Volume (mL) 4,007 416.8; 432.9; 429.5; 403.0;

(393.1, 440.4) (409.3, 456.5) (389.2, 469.8) (362.6, 443.3)
Ventilator Set Rate (br/min) 4,826 26.1; 25.0; 27.5; 26.8;

(24.1,28.0) (23.0,26.9) (24.1,30.8) (23.5,30.1)
pO, (mm Hg) 213 87.6; 80.7; 96.05 75.1;

(80.2, 94.9) (75.0,86.3) (81.1,111.0) (65.5, 84.6)
P/F Ratio 557 152.7; 145.7; 177.6; 146.3;

(137.8,167.7) (131.6,159.9) (151.5, 203.7) (122.4,170.1)

* Excludes values < 1% percentile and > 99th percentile from the original dataset; highlighted rows have significant differences in Before (Pre) Convalescent Plasma Therapy vs After (Post) Convalescent Plasma Ther-

apy by Control vs Case groups (i.e., a significant interaction is present) at p<0.05.

DISCUSSION

Our study assessed the physiologic and ventilatory vari-
ables of patients with COVID-19 pneumonia over time
who received CPT compared to matched controls. We
note the lack of clearly proven clinical benefit of
CPT.>131519 CcpT may still have some modest clinical
impact as evidenced by changes in the ventilatory vari-
ables. Moreover, the use of antibody treatment, in the
form of monoclonal antibodies, has seen success.

We observed small but statistically significant changes
in some physiologic variables in patients who received
CPT for COVID-19 pneumonia while intubated (Table
3 highlighted). Ultimately, we feel these changes to not be
clinically significant or have no more than modest clini-
cal significance. Likewise, there was no difference in sec-
ondary outcomes such as in hospital mortality, although
this study was not powered for this outcome (Table 1).

We assessed multiple variables including compliance,
FiO,, PEEP, P/F ratio, plateau pressure, and tidal vol-
ume. Traditionally with acute respiratory distress syn-
drome one would expect a decrease in compliance and the
management is often plagued by difficulty in maintaining
a plateau pressure <30 cm H,O. Interestingly we found
no significant difference in compliance or plateau pres-
sure between the cases and controls. We did however find

a small but statistically significant change in PEEP be-
tween the two groups with the cases (intervention group)
having a steeper trend towards lower PEEP (Table 3). The
validity of this finding is supported by a statistically sig-
nificant difference in applied FiO, as well. This suggests
that the cases had a statistically higher oxygen require-
ment, albeit marginal and not clinically significant. The
apparent lack of clinical benefit is consistent with previ-
ously cited research indicating either no clinical benefit of
CPT and/or only trends towards benefit if given earlier
in the disease course. However, the physiologic changes
suggest some effect of the intervention. Other findings
included an increase in both diastolic and systolic blood
pressure, although also a small change. We suggest that
this may be related to the volume of colloid administered
(~ 200ml), or perhaps some other hypertensive effect of
CPT at the arterial cellular level 230

Strengths of this study include the advanced statistical
methods and matched case-control design to adjust for
confounding. Controls were successfully matched 3:1 to
cases using age, sex, widely accepted COVID mortality
risk factors. The control group was shown to have no sig-
nificant difference in disease severity based on APACHE
IV scores. We also were able to analyze a very larger num-
ber of data points over time (e.g., 857 separate measure-
ments of static compliance, 6,316 measurements of
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PEEP, etc). Our total sample size is small (N = 47) and we
were unable to perform secondary analyses on mortality
as a consequence. Another limitation is that some venti-
lator measurements such as static compliance needed to
be obtained and recorded by a respiratory therapist. Since
this is not automated, some physiologic datapoints were
acquired less frequently than other datapoints.

Ultimately CPT has fallen out of favor with the de-
velopment and use of monoclonal antibodies and other
therapeutics. However, with the rise of new SARS-
CoV-2 variants such as BA.4 and BA.S, there are concerns
for decreased effectiveness of monoclonal antibodies.3!
Additionally, monoclonal antibodies are currently not
approved for use in the inpatient, critically ill, popula-
tion.32 CPT has the advantage of not requiring months
to years of research and development prior to broad acces-
sibility. Theoretically it will update the antibodies present
as the hosts that it is derived from recover from new vari-
ants. Therefore, CPT could be utilized again in the future
as new viral variants evade our current therapeutics.

Our study successfully evaluated basic physiologic pa-
rameters associated with the use of CPT in the critical
care setting. Although we were able to find some statis-
tically significant effects, we felt they were clinically in-
significant and therefore consistent with the prior body
of research including clinical trials suggesting no clinical
benefit of CPT with this population.

DISCLOSURES/CONFLICTS OF INTEREST

The authors have no conflicts of interest to disclose.

FUNDING INFORMATION

None to disclose
Author Contributions

All authors have reviewed the final manuscript prior to
submission. All the authors have contributed signifi-
cantly to the manuscript, per the International Commit-
tee of Medical Journal Editors criteria of authorship.

* Substantial contributions to the conception or de-
sign of the work; or the acquisition, analysis, or in-
terpretation of data for the work; AND

* Drafting the work or revising it critically for impor-
tant intellectual content; AND

* Final approval of the version to be published; AND

¢ Agreement to be accountable for all aspects of the
work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appro-
priately investigated and resolved.

Corresponding author

Ernest K. DiNino, MD

Department of Pulmonary and Critical Care Medicine
University of Massachusetts Chan Medical School-
Baystate

3300 Main St Ste 2B, Springfield, MA 01107, United
States. Email: ernest.dininomd@baystatehealth.org
Phone: (413) 794-7330

ORCID: 0000-0003-2465-655X

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 Inter-

national License (CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/

by-nc/4.0 and legal code at https://creativecommons.org/licenses/by-nc/4.0/legalcode for more informa-

tion.

Journal of Brown Hospital Medicine 7


mailto:ernest.dininomd@baystatehealth.org

Alteration of Lung Physiology with the Administration of Convalescent Plasma in ARDS Patients Intubated with COVID-19...

REFERENCES

1. Huang C, Wang Y, Li X, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China.
Lancet. 2020;395(10223):497-506. d0i:10.1016/
s0140-6736(20)30183-5

2. Guan WJ, Ni ZY, Hu Y, et al. Clinical Characteristics of
Coronavirus Disease 2019 in China. N Engl ] Med.
2020;382(18):1708-1720. doi:10.1056/nejm0a2002032

3. Soo0 YO, Cheng Y, Wong R, et al. Retrospective comparison
of convalescent plasma with continuing high-dose
methylprednisolone treatment in SARS patients. Clin
Microbiol Infect. 2004;10(7):676-678. doi:10.1111/
j.1469-0691.2004.00956.x

4. Cheng Y, Wong R, Soo YOY, et al. Use of convalescent
plasma therapy in SARS patients in Hong Kong. Eur J Clin
Microbiol Infect Dis. 2005;24(1):44-46. doi:10.1007/

5. EUA 26382: Emergency Use Authorization (EUA) Request
(original request 8/12/20; amended request 8/23/20).
Product: COVID-19 Convalescent Plasma.

6. Shen C, Wang Z, Zhao F, et al. Treatment of 5 Critically Ill
Patients With COVID-19 With Convalescent Plasma. JAMA.

2020;323(16):1582. doi:10.1001/jama.2020.4783

7. Duan K, Liu B, Li C, et al. Effectiveness of convalescent
plasma therapy in severe COVID-19 patients. Proc Natl Acad
Sci USA. 2020;117(17):9490-9496. d0i:10.1073/

pnas.2004168117

8. Zhang B, Liu S, Tan T, et al. Treatment With Convalescent
Plasma for Critically Ill Patients With Severe Acute Respiratory
Syndrome Coronavirus 2 Infection. Chest. 2020;158(1):e9-e13.
d0i:10.1016/j.chest.2020.03.039

9. Abolghasemi H, Eshghi P, Cheraghali AM, et al. Clinical
efficacy of convalescent plasma for treatment of COVID-19
infections: Results of a multicenter clinical study. Transfus
A])/ﬂé’rSCl‘. 2020;59(5):102875. doi:10.1016/
j.transci.2020.102875

10. Zeng QL, Yu ZJ, Gou J], et al. Effect of Convalescent
Plasma Therapy on Viral Shedding and Survival in Patients
With Coronavirus Disease 2019. / Infect Dis.

2020;222(1):38-43. doi:10.1093/infdis/jiaa228

11. Perotti C, Baldanti F, Bruno R, et al. Mortality reduction
in 46 severe Covid-19 patients treated with hyperimmune
plasma. A proof of concept single arm multicenter trial.
Haematologica. 2020;105(12):2834-2840. doi:10.3324/
haematol.2020.261784

12. Salazar E, Christensen PA, Graviss EA, et al. Treatment of
COVID-19 Patients with Convalescent Plasma Reveals a Signal
of Significantly Decreased Mortality. Am J Pathol.

2020;190(11):2290-2303. doi:10.1016/j.ajpath.2020.08.001

13. Salazar E, Perez KK, Ashraf M, et al. Treatment of
Coronavirus Disease 2019 (COVID-19) Patients with
Convalescent Plasma. Am J Pathol. 2020;190(8):1680-1690.
doi:10.1016/j.ajpath.2020.05.014

14. LiL, Zhang W, Hu Y, et al. Effect of Convalescent Plasma
Therapy on Time to Clinical Improvement in Patients With
Severe and Life-threatening COVID-19: A Randomized
Clinical Trial. JAMA. 2020;324(5):460. d0i:10.1001/

jama.2020.10044

15. Agarwal A, Mukherjee A, Kumar G, Chatterjee P,
Bhatnagar T, Malhotra P. Convalescent plasma in the
management of moderate covid-19 in adults in India: open
label phase IT multicentre randomised controlled trial
(PLACID Trial). BMJ. 2020;371:m3939. d0i:10.1136/

bmj.m3939

16. Group RC. Early versus deferred anti-SARS-CoV-2
convalescent plasma in patients admitted for COVID-19: A
randomized phase II clinical trial. PLoS Med.
2021;18(3):e1003415. doi:10.1371 iournal.pmed.1003415

17. Abani O, Abbas A, Abbas F, et al. Convalescent plasma in
patients admitted to hospital with COVID-19 (RECOVERY):
a randomised controlled, open-label, platform trial. Lancez.
2021;397(10289):2049-2059. doi:10.1016/
50140-6736(21)00897-7

18. Estcourt L], Turgeon AF, McQuilten ZK, et al. Effect of
Convalescent Plasma on Organ Support-Free Days in Critically
111 Patients With COVID-19: A Randomized Clinical Trial.
JAMA. 2021;326(17):1690-1702. doi:10.1001/

jama.2021.18178

19. Simonovich VA, Burgos Pratx LD, Scibona P, et al. A
Randomized Trial of Convalescent Plasma in Covid-19 Severe
Pneumonia. N Engl ] Med. 2021;384(7):619-629.

d0i:10.1056/nejm0a2031304

20. Piechotta V, Chai KL, Valk SJ, et al. Convalescent plasma
or hyperimmune immunoglobulin for people with
COVID-19: a living systematic review. Cochrane Database Syst
Rev. 2020;07 10 7:CD013600. doi:10.1002/
14651858.Cd013600.pub2

21. Janiaud P, Axfors C, Schmitt AM, et al. Association of
Convalescent Plasma Treatment With Clinical Outcomes in
Patients With COVID-19: A Systematic Review and Meta-
analysis.]AMA. 2021;325(12):1185-1195. d0i:10.1001/

jama.2021.2747

Journal of Brown Hospital Medicine


https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1056/nejmoa2002032
https://doi.org/10.1111/j.1469-0691.2004.00956.x
https://doi.org/10.1111/j.1469-0691.2004.00956.x
https://doi.org/10.1007/s10096-004-1271-9
https://doi.org/10.1007/s10096-004-1271-9
https://doi.org/10.1001/jama.2020.4783
https://doi.org/10.1073/pnas.2004168117
https://doi.org/10.1073/pnas.2004168117
https://doi.org/10.1016/j.chest.2020.03.039
https://doi.org/10.1016/j.transci.2020.102875
https://doi.org/10.1016/j.transci.2020.102875
https://doi.org/10.1093/infdis/jiaa228
https://doi.org/10.3324/haematol.2020.261784
https://doi.org/10.3324/haematol.2020.261784
https://doi.org/10.1016/j.ajpath.2020.08.001
https://doi.org/10.1016/j.ajpath.2020.05.014
https://doi.org/10.1001/jama.2020.10044
https://doi.org/10.1001/jama.2020.10044
https://doi.org/10.1136/bmj.m3939
https://doi.org/10.1136/bmj.m3939
https://doi.org/10.1371/journal.pmed.1003415
https://doi.org/10.1016/s0140-6736(21)00897-7
https://doi.org/10.1016/s0140-6736(21)00897-7
https://doi.org/10.1001/jama.2021.18178
https://doi.org/10.1001/jama.2021.18178
https://doi.org/10.1056/nejmoa2031304
https://doi.org/10.1002/14651858.cd013600.pub2
https://doi.org/10.1002/14651858.cd013600.pub2
https://doi.org/10.1001/jama.2021.2747
https://doi.org/10.1001/jama.2021.2747

Alteration of Lung Physiology with the Administration of Convalescent Plasma in ARDS Patients Intubated with COVID-19...

22. Bhimraj A, Morgan RL, Shumaker AH, et al. Infectious
Diseases Society of America Guidelines on the Treatment and
Management of Patients with COVID-19. Infectious Diseases
Society of America. 2022. Accessed September 10, 2022.

https://www.idsociety.org/practice-guideline/
covid-19-guideline-treatment-and-management/

23. Verheij J, van Lingen A, Raijmakers PGHM, et al. Effect of
fluid loading with saline or colloids on pulmonary
permeability, oedema and lung injury score after cardiac and
major vascular surgery. British Journal of Anaesthesia.
2006;96(1):21-30. doi:10.1093/bja/aei286

24. Toy P, Looney MR, Popovsky M, et al. Transfusion-related
Acute Lung Injury: 36 Years of Progress (1985-2021). Ann
Am Thorac Soc. 2022;19(5):705-712. doi:10.1513/
annalsats.202108-963cme

25. Gharbharan A, Jordans CCE, GeurtsvanKessel C, et al.
Effects of potent neutralizing antibodies from convalescent
plasma in patients hospitalized for severe SARS-CoV-2
infection. Nat Commaun. 2021;12(1). doi:10.1038/
$41467-021-23469-2

26. CDC.gov. People with Certain Medical Conditions.

Accessed March 24, 2022. https://www.cdc.gov/coronavirus/
2019-ncov/need-extra-precautions/people-with-medical-

conditions.html

27. Kompaniyets L, Pennington AF, Goodman AB, et al.
Underlying Medical Conditions and Severe Illness Among
540,667 Adults Hospitalized With COVID-19, March
2020-March 2021. Prev Chronic Dis. 2021;18. doi:10.5888/

cd18.210123

28. Pennington AF, Kompaniyets L, Summers AD, et al. Risk
of Clinical Severity by Age and Race/Ethnicity Among Adults
Hospitalized for COVID-19—United States,
March-September 2020. Open Forum Infectious Diseases.
2020;8(2). d0i:10.1093/0fid/ofaa638

29. The SAFE Study Investigators. A Comparison of Albumin
and Saline for Fluid Resuscitation in the Intensive Care Unit.
N Engl ] Med. 2004;350(22):2247-2256. doi:10.1056/

nejmoa040232

30. Engstrom G, Janzon L, Berglund G, et al. Blood Pressure
Increase and Incidence of Hypertension in Relation to
Inflammation-Sensitive Plasma Proteins. Arterioscler Thromb
Vasc Biol. 2002;22(12):2054-2058. doi:10.1161/
01.2tv.0000041842.43905.£3

31. National Center for Advancing Translational Sciences.
SARS-CoV-2 variants & therapeutics: therapeutic activity
explorer.

32. CDC.gov Emergency Use Authorization. Accessed March
24, 2022. https://www.fda.gov/emergency-preparedness-and-
response/mcm-legal-regulatory-and-policy-framework/
emergency-use-authorization#coviddrugs

Journal of Brown Hospital Medicine


https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/
https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/
https://doi.org/10.1093/bja/aei286
https://doi.org/10.1513/annalsats.202108-963cme
https://doi.org/10.1513/annalsats.202108-963cme
https://doi.org/10.1038/s41467-021-23469-2
https://doi.org/10.1038/s41467-021-23469-2
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
https://doi.org/10.5888/pcd18.210123
https://doi.org/10.5888/pcd18.210123
https://doi.org/10.1093/ofid/ofaa638
https://doi.org/10.1056/nejmoa040232
https://doi.org/10.1056/nejmoa040232
https://doi.org/10.1161/01.atv.0000041842.43905.f3
https://doi.org/10.1161/01.atv.0000041842.43905.f3
https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/emergency-use-authorization#coviddrugs
https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/emergency-use-authorization#coviddrugs
https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/emergency-use-authorization#coviddrugs

	Alteration of Lung Physiology with the Administration of Convalescent Plasma in ARDS Patients Intubated with COVID-19 Pneumonia
	Article Information
	Abstract
	Background
	Aim
	Methods
	Results
	Conclusion

	Background
	Methods
	Trial Design
	Study Population
	Trial Procedures
	Statistical Analysis

	Results
	Discussion
	DISCLOSURES/CONFLICTS OF INTEREST
	FUNDING INFORMATION
	Author Contributions
	Corresponding author

	References


