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Abstract
Background: A substantial portion of patients infected with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) can progress to
critical illness which is associated with high mortality, and prolonged length of hospital stay. Currently, intravenous immunoglobulin (IVIG) therapy
is reported widely in these speci�c population globally. However, the impact of IVIG treatment on clinically relevant outcomes in the critically ill
patients with COVID-19 still remained controversial.

Methods: The major databases including PubMed, Embase and Cochrane Central Register were searched from January 1, 2019 through January
12, 2022. Studies were limited to severely ill patients with con�rmed SARS-CoV-2 infection who receiving IVIG with a comparative group. The
primary outcome was the overall mortality. Length of stay (LOS) in the intensive care unit (ICU) and hospital, utilization rate of invasive
mechanical ventilation (IMV) and ventilators free days were secondary outcomes. Meanwhile, sensitivity and subgroup analyses, as well as a trial
sequential analysis (TSA), were performed.

Results: 4 prospective randomized controlled trials (RCT) and 6 retrospective cohort studies (involving 2,054 participants) met the inclusion criteria
and were included in our meta-analysis. Compare to standard of care (SOC), the use of IVIG was not associated with decreased odds of death
signi�cantly (OR 1.03; 95% CI 0.63–1.67; P = 0.92). No signi�cant difference was detected in either hospital (MD 1.56; 95% CI -1.43–4.55; P = 0.31)
or ICU LOS (MD 0.75; 95% CI -0.36–1.86; P = 0.18) between the two groups. A sensitivity analysis revealed that administering IVIG may harmful to
patients with moderate to severe ARDS induced by SARS-CoV-2 (OR 2.24; 95% CI 1.09–4.63; P = 0.03). The high level of heterogeneity remained
substantial after multiple sensitivity and subgroup analyses were performed. The TSA indicated a lack of su�cient evidence to draw decisive
conclusions from the current results since the required information size (RIS) of 8,373 still not reached yet.

Conclusions: Current evidence do not support the use of IVIG in treatment for critically ill patients with COVID-19. Further prospective study with
well design urgently needed for conclusive �ndings.

Introduction
The coronavirus disease-19 (COVID-19) pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has seen almost 450
million con�rmed cases and over 6 million reported deaths globally[1]. A substantial proportion of patients with COVID-19, develop a respiratory
illness that requires hospitalization, which can progress to critical illness with hypoxaemic respiratory failure that requires prolonged ventilatory
support[2]. SARS-CoV-2 trigger an antiviral response that causes an immediate rise in the neutrophils and other immune cells along with a marked
elevation in in�ammatory cytokines[3]. This excessive cytokine production and hyperimmune status leads to pathological symptoms such as
severe pneumonia, acute respiratory distress syndrome (ARDS), even multiorgan failure and deaths[4].

Intravenous immunoglobulin (IVIG) is prepared from the plasma collected from thousands of donors which have various immune modulatory
properties that are theoretically relevant in COVID-19. IVIG therapy have been successfully used to treat several autoimmune in�ammatory and
infectious diseases previously[5]. Furthermore, IVIG and pathogen speci�c hyperimmune preparations are indicated to modify or prevent certain
viral diseases such as SARS, cytomegalovirus, respiratory syncytial virus and In�uenza[6-8]. In view of its antiviral and anti-in�ammatory effects in
recent years, the e�cacy of IVIG in the treatment of patients with COVID-19 was explored by plenty of clinicians. A multicenter observational
analysis of 352 critically ill patients with COVID-19 reported that administration of high-dose (>15 g/day) IVIG during early stage (≤7 days) could
reduce the 28-day mortality signi�cantly[9]. Subsequently, a prospective pilot study con�rmed that IVIG improved hypoxia and reduced hospital
length of stay (LOS) and progression to invasive mechanical ventilation (IMV) in adults with COVID-19[10]. However, several other studies argued
that IVIG was not associated with signi�cant changes in hospital mortality or the need for IMV in severely ill patients with COVID-19 recently[11-
13].

Nevertheless, an early meta-analysis concluded that compared with the standard of care (SOC), IVIG could reduce the mortality in critically ill
patients with COVID-19 [RR = 0.57 (0.42–0.79, I2 = 025%)][14]. However, the conclusion drew from the meta-analysis with relative few participants
(196 cases). Considering the limitations of the previous meta-analysis and the paradoxical results of clinical trials which published recently[12, 13,
15, 16], we perform a meta-analysis to investigate the e�cacy of IVIG therapy in critically ill patients with COVID-19. Moreover, a trial sequential
analysis (TSA) was performed to estimate the optimal sample size to reach a plausible conclusion on the IVIG treatment in the case of severe
COVID-19.

Methods
Protocol and registration

This study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA statement[17]. The
protocol has been registered with the registered in the International Prospective Register of Systematic Reviews (PROSPERO) database
(Registration Number CRD42022303199).
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Search strategy and selection criteria

A literature review of all of the relevant English language studies was undertaken in PubMed, Cochrane Central Register of Controlled Trials
(CENTRAL) and Embase by two authors (HJL and QLZ) independently, from January 1, 2019 through January 12, 2022. Keywords of
immunoglobulin, Coronavirus Disease 2019, COVID-19, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), acute respiratory distress
syndrome (ARDS), severe, severely ill, critically ill, mechanical ventilation (MV), outcome, mortality, or intensive care unit (ICU) were used. Reference
lists of included studies were manually searched for pertinent studies.

Title and abstract screen were conducted for all relevant records based on the electronic literature search. Full-text review was done for potentially
relevant records. Randomized, or observational reports were eligible to be included in present analysis if they 1) enrolled adult patients (≥ 18 yr
old), 2) severe or critically ill COVID-19 population, 3) included control group which patients do not receiving IVIG therapy. Meeting abstracts, case
reports/series, pediatric studies, reviews and editorial/comments were excluded.

Study Quality

The methodological quality of each study was assessed using the Cochrane Collaboration tool for Randomized Controlled Studies[18] and the
Newcastle-Ottawa scale for Nonrandomized Controlled Studies[19] by two reviewers (WW and HWT) independently. For Newcastle-Ottawa scale,
each study was scored from 0 to 9, based on eight criteria covering selection of cohort, comparability of groups, and outcome. Discrepancies
between the two authors (FH and YFJ) were resolved by consensus.

Data Extraction and Synthesis

Data collected from each study included 1) general information (author, publication year, study design and region), 2) characteristics of the
participants (including gender, age, inclusion and exclusion criteria), 3) interventions: treatment approaches and comparison methods, 4) outcome
measurements, including overall mortality (When >1 value for mortality was provided by the article, the mortality for the longest complete follow-
up was preferentially used in the meta-analysis.), ICU and hospital mortality, ICU and hospital LOS, need for IMV and ventilators free days(VFDs).

Dichotomous variables were expressed as counts and proportions. Means and SDs were used to describe normally distributed continuous
variables, whereas LOS and VFDs were often not normally distributed, some studies reported the LOS and VFDs data using the median and the
�rst and third quartiles. To be able to use these data in present study, we estimated, for these studies, the sample mean and SD based on the
method presented by Wan et al.[20] and Luo et al. [21]This method is based on the assumption that the data are normally distributed, which we
know is not the case.

Sensitivity and subgroup analysis

Sensitivity analyses were performed by 1) removing each study individually in order to determine whether an individual report has higher
contribution to the heterogeneity or overall effect estimate 2) including only patients with COVID-19 associated moderate-to-severe ARDS.
Subgroup analyses examined: 1) RCTs versus retrospective cohort studies (study design), 2) Asia versus Europe and America (study region), 3)
single center versus multi-center (study center), 4) equal versus less than 2.0g/kg/day (dosage of IVIG).

Data Synthesis and Analysis

The data retrieved from the relevant articles were computerised and analysed by Review Manager V.5.3 (The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen). MD with 95% CI for continuous outcomes (ICU and hospital LOS, VFDs), and OR with 95% CIs for
dichotomous outcomes (mortality and need for IMV) were used to estimate the pooled effects. Random-effects model was used for better
accommodation of heterogeneity. Heterogeneity was tested using the Cochran Q statistic (p 0.1) and quanti�ed with the I2 statistic, with a range
of 0%–30% representing no or mild heterogeneity, 30%–60% as moderate heterogeneity and >60% as high heterogeneity. Publication bias was
examined using funnel plots for qualitative assessment, using Egger’s linear regression test for quantitative assessment.

Trial sequential analysis

Trial sequential analysis (TSA) was performed to estimate the optimal sample size for the plausible conclusion in the use of IVIG in treatment for
critically ill patients with COVID-19. Trial Sequential Analysis V.0.9.5.10 beta (Copenhagen Trial Unit, Centre for Clinical Intervention Research,
Rigshospitalet, Copenhagen, Denmark, available from www.ctu.dk/tsa) was used. Statistical signi�cance was set at a two-tailed 0.05 level to
establish hypothesis.

Results
Study search and selection
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The �ow chart for the selection process and detailed identi�cation is presented in Figure 1. A total of 2,855 publications were identi�ed through the
initial search of the databases. Of the 1,570 potentially relevant abstracts screened, 69 studies were selected for a full-text review. Finally, 10
published studies that met the inclusion criteria were included in the meta-analysis.

Study characteristics and quality

Table 1 shows the characteristics of the studies included in the meta-analysis. The number of participants across studies ranged from 33 to 850.
A total of 2,408 critically ill patients with COVID-19 were evaluated in all included researches. The study from Ali et al. [22]was included 590 cases
totally which only provide the outcome data of 236 patients after propensity score matching. Therefore, 2,054 critically ill patients with COVID were
investigated in current analysis. Among these publications, half of which are single-center trials. Four retrospective cohort studies were performed
in China[9, 11, 16, 23]. Two prospective RCTs were carried out in Iran[13, 24]. The other four reports were conducted in USA[10], Turkey[15],
France[12] and Qatar[22], respectively. The outcomes of most studies contained mortality and hospital LOS.

In the quality assessment, the range of NOS scores was between 6 and 9 (maximum of 9) in 6 retrospective cohort studies. There were two RCTs
adjudicated as low risk of bias in all domains[12, 24], with other two RCTs rated as unclear or high risk of bias in at least one domain of potential
bias[10, 13]. The full details of the risk of bias assessments presented in Additional �le 1 Table 1a and b. There was no de�nitive evidence of
reporting bias evident on inspection of the funnel plot (Fig.2) and Egger’s test (t = 1.67, P = 0.089).

Syntheses of results

Data were pooled using a random effects model for all analyses, since the observed heterogeneity (I2 60%) . The overall effect size analysis (OR
1.03; 95% CI 0.63–1.67; P = 0.92) indicated that the use of IVIG was not associated with decreased odds of death signi�cantly (Fig.3). In total,
overall mortality of the COVID-19 patients received IVIG was 32.57% (327/1004), whereas deaths were occurred in 28.95% of the patients
(304/1050) without IVIG treatment. Speci�cally, hospital mortality was reported in 8 trials[10-13, 15, 16, 22, 24] and 28-day mortality was reported
in 3 trials[9, 12, 23]. We compared the effect of the IVIG on mortality in patients with COVID-19 and detected no signi�cant difference in either
hospital or 28-day mortality between the two groups (OR 1.03; 95% CI 0.60–1.77; P = 0.90; OR 0.81; 95% CI 0.31–2.14; P = 0.67; Additional �le 1
Fig. 1 and 2).

Besides, the time of COVID-19 patients during hospital and ICU, in days, was analyzed. The hospital LOS was evaluated in 7 studies[9, 11-13, 15,
23, 24] and ICU LOS was evaluated in 4 studies[12, 13, 15, 24]. Similarly, no statistical signi�cance in hospital (MD 1.56; 95% CI -1.43–4.55; P =
0.31) and ICU LOS (MD 0.75; 95% CI -0.36–1.86; P = 0.18; Additional �le 1 Fig. 3 and 4) was found between IVIG therapy and SOC or placebo. For
IMV, 4 studies[11-13, 15] provided data about utilization rate of IMV whereas only 2 studies[12, 22] described the available data on VFDs in
critically ill patients. The use of IVIG neither reduce the proportion of patients using IMV (OR 1.43; 95% CI 0.57–3.62; P = 0.45) nor shorten the time
of IMV (MD -5.11; 95% CI -16.67–6.45; P = 0.39). The data for the length of hospital and ICU stay, utilization rate and duration of IMV for each
included study are presented in Additional �le 1 Fig.S5 and S6.

Sensitivity and subgroup analysis

In the sensitivity analysis evaluating the removal of individual studies, none of study removed result in a signi�cant change in the overall OR and
I2. Moreover, we testing general critically ill patients versus patients with moderate to severe ARDS, the OR for moderate to severe ARDS was 2.24
with signi�cant difference (P=0.03). These results indicated IVIG has negative effect on fatality rate of patients with moderate to severe ARDS
induced by SARS-CoV-2. (Additional �le 1 Tab. S2 and Fig. S7).

To further explore the possible source of heterogeneity in present analysis, we performed a prespeci�ed subgroup analysis according to the type of
study (RCTs versus retrospective cohort studies), study area (Asia versus Europe and America), the number of study center (single center versus
multi-center) and dosage of IVIG (equal versus less than 2.0g/kg/day). The results of subgroup analyses were summarized in Table 2 which
revealed no signi�cant association between treatment with IVIG and outcome of COVID-19 patients from each subgroup of included studies.
Ultimately, we detected no signi�cant heterogeneity between the subgroups based on a test of interaction (P>0.05). However, the high level of
heterogeneity remained substantial after multiple sensitivity and subgroup analyses were conducted.

Trial sequential analysis

We used a random effects model for all overall low risk of bias trials included in the primary analyses. The TSA was performed with a diversity-
adjusted information size that was calculated using a two-sided alpha of 0.05, a power of 80%, a control (SOC) event rate of 30% and an
intervention (IVIG) event rate of 24% (less than 20% of SOC). This calculation indicated a required information size (RIS) of 8,373 cases for
identifying the e�cacy of IVIG in critically ill patients with COVID-19. The Lan-DeMets sequential monitoring boundary constructed by the optimal
information size did not cross, indicating that the cumulative evidence was not conclusive and reliable (Fig. 4).

Discussion
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This meta-analysis synthesized the latest data on the e�cacy of IVIG in patients with critically ill COVID-19. We identi�ed 4 RCTs and 6
retrospective cohort studies with a total of 2,054 enrolled patients. When the studies were pooled together, the effect size analysis showed that
administering IVIG for the severe cases of COVID-19 did not signi�cantly improve mortality at present. Key secondary outcomes, such as VFDs, ICU
LOS or hospital stay time, along with usage rate of IMV were not signi�cantly different between the IVIG and SOC group.

SARS-CoV-2 is highly infective in humans, despite in most cases the symptom is mild or asymptomatic, a quite proportion of COVID-19 patients
develop to severe pneumonia or ARDS who requiring ICU admission, and elicits a higher mortality and longer length of stay when compared to
other infectious diseases, even in countries with sophisticated medical systems. The overall mortality of critically ill COVID-19 patients in all of
included studies is 30.72% (631/2,054), which is close to the previous reports[4, 25]. Due to unacceptable high mortality, the exploration of
effective interventions for severe cases of COVID-19 should be emphasized imminently. The antiviral drug and immunomodulators are considered
as two cornerstones in e�cient treatments for COVID-19 patients[26]. To date, there are signi�cant advances in oral antiviral drug (molnupiravir
and Nirmatrelvir-Ritonavir)[27, 28], which was proved could reduce hospital admissions and mortality among people with mild to moderate COVID-
19, when compared with placebo. On the other hand, the potentially life-saving immunomodulatory therapies for severely ill patients with COVID-
19 was developed by clinicians too. For instance, immunomodulatory drugs such as interleukin (IL)-6 blockade (Tocilizumab and Sarilumab)[29],
IL-1 blockade (Anakinra)[30], and Janus kinase inhibition (Baricitinib)[31] was proved that could improve survival among severely ill patients in a
series of clinical trials. The bene�t from these therapeutic agents in critically ill patients supports the concept that hyperin�ammatory response is
responsible for much of the serious illness and death from COVID-19.

Accumulated evidence demonstrated that IVIG exhibits its anti-in�ammatory and immunomodulating effects through multiple mechanisms,
including 1) reducing the production of in�ammatory cytokines; 2)inhibiting activation and functions of various monocytes in part by Fc-gamma
receptor binding; 3)neutralizing activated complement components and preventing membrane attack complex cellular killing; 4) modulating B-cell
functions and plasma cells; 5) regulating T-cell subsets(Treg, Th1, Th17) homeostasis[5]. It has been previously demonstrated that IVIG may
attenuate neutrophil activation and neutrophil extracellular trap (NET) formation, thereby mitigating lung and vascular injury[32]. Furthermore, the
laboratory test data from Cao et al.[9] con�rmed that the time to normalizations of in�ammatory markers including IL-6, IL-10, and ferritin of IVIG
treatment was less than standard therapy. Thus, IVIG therapy maybe a viable treatment option for severe cases of COVID-19 infection theoretically
since it could reduce aberrant immune responses, and the subsequent in�ammatory responses.

Indeed, in the early phase of the COVID-19 outbreak, there are plenty of retrospective case series reported that IVIG successfully block the
progression of the disease cascade and improve the outcomes of severely ill COVID-19 patients[33-35]. However, our analysis found that IVIG
treatment was not associated with signi�cant improvement in prognosis in critically ill patients with COVID-19. There may be several possible
explanations for our �ndings. First and foremost, the timing of IVIG therapy is very important for COVID-19 patients but varying in included studies.
A subgroup analysis from Cao et al. [9]showed an additional bene�t when IVIG was administered within the �rst week of infection. The RCT
provided by Tabarsi et al.[13] proved that there were signi�cant relationships between the time from admission to initiation of IVIG and the LOS in
the hospital and ICU. The sooner the IVIG was given, the shorter the length of hospital and ICU were. Another retrospective case series from China
reported that the 28-day mortality of patients who received IVIG during the �rst 48 h of admission to the ICU was much lower than those who
received IVIG treatment more than 48h[33]. On the contrary, if initiation of IVIG therapy until the onset of IMV, the therapeutic bene�ts of
administering IVIG will disappear[12]. Our sensitivity analysis also revealed that IVIG treatment was inappropriate for COVID-19 patients when
progress to moderate-to-severe ARDS already. In fact, as a viral infection, COVID-19 could lead to sepsis. The immune response in sepsis is
characterized by overwhelming in�ammation in the early phase and followed by immunosuppression predominately[36]. Hence, the bene�t of IVIG
may be greatest when administered early but have adverse effect when used later. In the second place, the number of participants of respective
studies account for 84.83% in overall effect size analysis whereas the dosage and duration of IVIG was not randomized in these studies.
Considering the potential adverse effects and high price, IVIG was used selectively for COVID-19 patients with worse situation. The selective biases
in dose and duration of IVIG might have vital impact on its e�cacy �nally. Last but not least, the immunotherapy should base on the evaluation of
immune status and clinical characteristics[37]. However, as a tentative therapy, lacking of systematic assessment before IVIG treatment was very
common. For instance, the corticosteroid therapy for patients with COVID-19 remained controversial for a long time[38]. Soon after, the COVID-19
patients with hyperin�ammatory subtype which was identi�ed by using an unsupervised machine learning approach seems have good responds
to corticosteroid therapy[39]. Then, to identify appropriate phenotype of COVID-19 patients for IVIG treatment or immunotherapy with strati�cation
of patients guiding individualized use of immunomodulatory treatments needs to be explored.

Inconsistent with those of a review[14], our meta-analysis demonstrating that administering IVIG, a well-known immunomodulator, was not
associated with signi�cant improvements in overall survival, length of hospital and ICU, even requiring for IMV and VFDs in the severe cases of
COVID-19. To our knowledge, this is the �rst meta-analysis with the largest sample size which only focus the critically ill patients with COVID-19 so
far. We also performed several prede�ned subgroup and sensitivity analyses to con�rm the robustness of our �ndings. Additionally, the results of
TSA indicated that a RIS for decisive conclusion is not achieved in the current trials. However, the current analyses also had several limitations.
First of all, there were obvious high heterogeneity were recognized for all of the outcomes. We analyzed the primary outcome in subgroups
classi�ed by study design, study area, study center and dosage of IVIG in an effort to reduce methodological and clinical heterogeneity.
Unfortunately, substantial statistical heterogeneity remained despite these attempts. Therefore, a random effect model rather than a �xed effect
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model was chosen to handle the prominent heterogeneity. Secondly, the adverse effects of the IVIG were not investigated in our analysis.
Continuous infusion of IVIG, especially high dosage may lead to hyperviscosity which has a high risk for thrombosis. However, 3 out of 10 studies
mention overall adverse events, only Mazeraud et al.[12] provided the data of adverse effects of the IVIG in patients with COVID-19. Thirdly, the
sample size of included RCT studies relatively small, compare to that of retrospective cohort studies. These may reduce the power and strength of
the �ndings markedly and also suggested that a well design prospective RCT by performing multivariable adjustment for confounders (timing,
duration and dosage of IVIG) is warranted. Finally, the temporal changes of SOC in patients with COVID-19 were not considered in present
analysis, since the therapeutic concept of COVID-19 is updated constantly with advances from scientists and clinicians.

Conclusion
In critically ill patients with COVID-19, no therapeutic bene�t was observed with IVIG treatment beyond standard therapy. The TSA indicated the
current evidence is insu�cient to support for decisive conclusion. Further high-quality clinical trials to de�ne the bene�cial timing and dosing of
IVIG for appropriate phenotype of COVID-19 patients is warranted.
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Author Design Dates Country Subjects IVIG Control Primary

outcome

Secondary
outcome

Dosage         Duration

Shao et al.
[23]

Retrospective
cohort study

2019.12-
2020.03

China 325 0.1- 0.5
g/kg per
day

5-15 days SOC 28 and 60-
day mortality

Hospital LOS,

Total course
of disease

Sakoulas
et al.[10]

Prospective
RCT

2020.05 USA 33 0.5g/kg/d 3 days SOC Required IMV
support

Hospital LOS,
ICU LOS

Gharebaghi
et al.[24]

Prospective
RCT

2020.05-
06

Iran 59 20g/day 3 days SOC+placebo Hospital
mortality 

60-day
mortality

Tabarsi et
al.[13]

Prospective
RCT

2020 Iran 84 0.4 g/kg 3 days SOC Required IMV
support,
Admission to
the ICU, and
the mortality
rate

Hospital LOS,
ICU LOS, and
radiological
improvements

Hou et al.
[11]

Retrospective
cohort study

2020.01-
2020.02

China 113 NA NA SOC Hospital
mortality and
the use of
IMV

Hospital LOS

Esen et al.
[15]

Retrospective
cohort study

2020.03-
2020.05

Turkey 93 30 g/day 5 days SOC ICU and
hospital

discharge,
and all-cause
hospital
mortality

Duration of
speci�c
treatment
modalities
(ECMO,
vasopressors,
renal
replacement,
HFNC and
IMV)

Liu et al.
[16]

Retrospective
cohort study

2020 China 850  10g/day 9.5 (4-
12) daysa

SOC 28-day
mortality

Organ failure
and rate of
IMV, CRRT and
ECMO during
hospitalization

Mazeraud
et al.[12]

Prospective
RCT

2020.04-
2020.10

France 146 2.0 g/kg Over 4
days

SOC+Sodium
chloride 0.9%

The number
of VFDs at
day 28

SOFA score at
day 14 and
day 28,
adverse events
attributed to
IVIG; Hospital
LOS, ICU LOS;
28 and 90-day
mortality; and
lung injury
score at day
28

Cao et al.
[9]

Retrospective
cohort study 

2020.02-
2020.03

China 115 2 g/kg 2-5 days SOC 28-day
mortality

Time to
clinical
improvement
after
admission,
clinical status
as assessed
with the SCOS
on days 7, 14,
and 28, the
duration of
IMV, Hospital
LOS

Ali SH et al.
[22]

Retrospective
cohort study

2020.02-
2020.09

Qatar 590 0.4 -2.0
g/kg

1-5 days SOC ICU mortality VFDs and ICU-
free days at
day 28, and
incidence of
AKI

Total 10     2408          

SOC, standard of care; LOS, length of stay; SCOS, seven-category ordinal scale; IMV, invasive mechanical ventilation; CRRT, continuous renal
replacement therapy; ECMO, extracorporeal membrane oxygenation; VFDs, ventilator-free days; AKI, acute kidney injury; HFNC, high-�ow nasal
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cannula; ICU, intensive care unit, IVIG, intravenous immunoglobulins

a presented as the median and the �rst and third quartiles.

Table 2 Summary of subgroup analyses

Analysis Study Subjects I2 (%) Ph OR 95% CI Pe

Study type              

RCT studies [10, 12, 13, 24] 322 59 0.06 0.76 0.33-1.79 0.54

Retrospective cohort studies [9, 11, 15, 16, 22, 23] 1732 82 0.0001 1.18 0.62-2.25 0.62

Study area              

Asia [9, 11, 13, 16, 22-24] 1782 76 0.004 1.16 0.65-2.08 0.60

Europe and America [10, 12, 15] 272 69 0.04 0.69 0.23-2.08 0.51

IVIG dosage              

<2.0g/kg/day [10, 11, 13, 15, 16, 22-24] 1793 74 0.0003 1.09 0.64-1.85 0.76

2.0g/kg/day [9, 12] 261 85 0.01 0.46 0.03-7.42 0.59

Study center              

Single  [11, 13, 15, 22, 24] 585 84 <0.0001 1.08 0.39-3.00 0.89

Multiple [9, 10, 12, 16, 23] 1469 47 0.11 1.09 0.63-1.67 0.73

I2 I-squared statistic test for heterogeneity, Ph P value for test of heterogeneity, OR odds ratio, CI con�dence interval, Pe P value for the effect
estimate for each subgroup, Pi P value for interaction tests of heterogeneity between subgroups, RCT randomized controlled trial

Figures
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Figure 1

Literature search flow diagram. CENTRAL, Cochrane Central Register of Controlled Trials
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Figure 2

Contour-enhanced funnel plot of included studies. 
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Figure 3

The e�cacy of the IVIG on overall mortality in critically ill patients with COVID-19. RCT, randomized controlled trial; CI, con�dence interval; OR, odds
ratio; M-H, Mantel-Haenszel; IVIG, Intravenous immunoglobulins; SOC, standard of care



Page 14/14

Figure 4

Trial sequential analysis for the e�cacy of the IVIG on overall mortality in critically ill patients with COVID-19. Before the required information size
(RIS=8,373) is achieved, the assumed effect of IVIG therapy is in fact absent when the Z-curve did not surpasses the Lan-DeMets’ trial sequential
monitoring boundary for bene�t.
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