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Abstract

Purpose This national survey evaluated the perceived

efficacy and safety of intravenous immune globulin (IVIG)

in septic shock, self-reported utilization patterns, barriers

to use, the population of interest for further trials and

willingness to participate in future research of IVIG in

septic shock.

Methods We conducted a cross-sectional survey of

critical care and infectious diseases physicians across

Canada. We summarized categorical item responses as

counts and proportions. We developed a multivariable

logistic regression model to identify physician-level

predictors of IVIG use in septic shock.

Results Our survey was disseminated to 674 eligible

respondents with a final response rate of 60%. Most (91%)

respondents reported having prescribed IVIG to patients

with septic shock at least once, 86% for septic shock due to

necrotizing fasciitis, 52% for other bacterial toxin-

mediated causes of septic shock, and 5% for

undifferentiated septic shock. The majority of respondents

expressed uncertainty regarding the impact of IVIG on
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mortality (97%) and safety (95%) in septic shock.

Respondents were willing to participate in further IVIG

research with 98% stating they would consider enrolling

their patients into a trial of IVIG in septic shock.

Familiarity with published evidence was the single

greatest predictor of IVIG use in septic shock (odds

ratio, 10.2; 95% confidence interval, 3.4 to 30.5; P \
0.001).

Conclusions Most Canadian critical care and infectious

diseases specialist physicians reported previous experience

using IVIG in septic shock. Respondents identified

inadequacy of existing research as the greatest barrier to

routine use of IVIG in septic shock. Most respondents

support the need for further studies on IVIG in septic

shock, and would consider enrolling their own patients into

a trial of IVIG in septic shock.

Résumé

Objectif Cette enquête nationale a évalué l’efficacité et

l’innocuité perçues des immunoglobulines intraveineuses

(IgIV) dans le contexte du choc septique, les habitudes

d’utilisation autodéclarées, les obstacles à l’utilisation de

cette modalité, les populations à explorer pour des études

futures et la volonté de participer aux recherches futures

sur les IgIV et le choc septique.

Méthode Nous avons mené une enquête transversale

auprès de médecins intensivistes et spécialistes des

maladies infectieuses au Canada. Nous avons résumé les

réponses de chaque point catégorique en tant que

dénombrement et proportions. Nous avons mis au point

un modèle de régression logistique multivariée afin

d’identifier les prédicteurs, au niveau des médecins,

d’une utilisation des IgIV en cas de choc septique.

Résultats Notre sondage a été acheminé à 674 médecins

admissibles et nous avons obtenu un taux de réponse final de

60 %. La plupart (91%) des répondants ont indiqué avoir

prescrit des IgIV aux patients en choc septique au moins une

fois, 86% pour un choc septique dû à une fasciite nécrosante,

52 % pour des chocs septiques d’autres étiologies médiées

par des toxines bactériennes, et 5 % dans des cas de choc

septique non différencié. La majorité des répondants ont

exprimé de l’incertitude quant à l’incidence des IgIV sur la

mortalité (97 %) et l’innocuité (95 %) lors de choc septique.

Les répondants étaient disposés à participer à d’autres

recherches sur les IgIV, 98% déclarant qu’ils envisageraient

d’inscrire leurs patients à une étude sur les IgIV et le choc

septique. La familiarité avec les données probantes publiées

était le plus grand prédicteur d’utilisation d’IgIV dans un

contexte de choc septique (rapport de cotes, 10,2; intervalle

de confiance à 95 %, 3,4 à 30,5; P\0,001).

Conclusion La plupart des médecins intensivistes et

spécialistes des maladies infectieuses canadiens ont

rapporté avoir une expérience antérieure d’utilisation
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d’IgIV en cas de choc septique. Les répondants ont identifié

l’insuffisance de la recherche existante comme le plus grand

obstacle à l’utilisation systématique d’IgIV dans les cas de

choc septique. La plupart des répondants appuient la

nécessité d’études plus approfondies sur les IgIV et le choc

septique et envisageraient d’inscrire leurs propres patients à

une étude sur les IgIV dans un contexte de choc septique.

Keywords IVIG � septic shock � sepsis �
intravenous immune globulin � immunomodulation

Septic shock ranks among the leading causes of death for

critically ill patients worldwide accounting for 15% of

intensive care unit admissions1–3 and contemporary in-

hospital mortality rates ranging from 35 to 54%.4 The

mainstay of treatment is prompt, appropriate antimicrobial

therapy and infection source control.5 The clinical

investigation of therapeutic interventions in sepsis has

been notable for numerous negative trials that have not

revealed effective interventions beyond antibiotics and

supportive care.6 The development of new antimicrobials

has slowed and antimicrobial resistance continues to emerge

worldwide.7 The global burden of illness from sepsis and

septic shock remains high despite existing therapies. The

discovery and systematic evaluation of novel adjunctive

therapies is more important now than ever.

Intravenous immune globulin (IVIG) is a plasma product

derived from human serum, composed of pooled donor

antibodies active against a wide range of pathogens.8

Observed beneficial effects of IVIG in sepsis have been

proposed to be due to a reduction in pro-inflammatory

cytokines, neutralizing antibodies to microbial toxins,

enhanced pathogen recognition, clearance and modulation

of the complement system, and down-regulation of

inflammatory pathways.8–11 While the specific mechanism

of IVIG benefit remains uncertain, its proposed role in

immunomodulation represents an important gap in the

existing armament of therapies for patients with septic

shock. Immunomodulation is a therapeutic avenue distinct

from antimicrobial therapy, which is particularly relevant in

the context that antimicrobial resistance has been identified

as one of the greatest current threats to humanity by the

World Health Organization.7

Intravenous immune globulin has been evaluated as an

adjunctive therapy for septic shock in multiple clinical

trials of patients with varying etiologies of septic

shock.12–23 Several high-quality systematic reviews of

trials evaluating the efficacy of IVIG in patients with

severe sepsis or septic shock support a survival benefit.24–28

Current Surviving Sepsis Guidelines, however, recommend

against the use of IVIG because of heterogeneous, low-

quality evidence, and the lack of large, rigorously designed

randomized-controlled trials.29 Several authors have

advocated for further studies to evaluate the efficacy and

safety of IVIG in sepsis prior to its widespread

adoption.24,26,27 Current practice patterns regarding the

use of IVIG for patients with septic shock are not known.

Methods

We conducted a self-administered survey to identify

reported utilization patterns of IVIG in patients with septic

shock and to probe the expected value of further clinical

trials on the part of stakeholders. We surveyed critical care

and infectious diseases physicians practicing in academic

centres across Canada. Survey domains included perceived

efficacy and safety of IVIG in sepsis, self-reported utilization

patterns of IVIG, barriers and facilitators of IVIG use, the

population of interest for further clinical trials, and

respondent willingness to participate in future clinical

trials of IVIG in septic shock.

Questionnaire design was consistent with current survey

science recommendations.30–32 We generated questionnaire

items iteratively through a combination of literature review

and interviews with content experts and team members until

thematic saturation was achieved. We used a modified Delphi

technique for item reduction. Prior to dissemination, the

questionnaire was pilot-tested by collaborators and clinical

fellows. The questionnaire was formatted as intended for

dissemination and co-investigators assessed the face- and

content-validity, comprehensiveness, and clarity of the

questionnaire. The questionnaire was then administered to

ten clinical fellows who were directed to time their

completion and provide feedback on flow, clarity, and

redundancy. The survey was translated and back-translated

from English to French (eAppendix in the Electronic

Supplementary Material [ESM]).

The administration and dissemination of this survey was

informed by the evidence-based survey implementation

guidelines described by Dillman et al. utilizing principles of

social exchange theory.33 The communications flowed in a

pre-determined pathway (Figure). An initial personalized

introductory communication was disseminated via e-mail

describing our research program and introducing the survey.

One week later an invitation to participate was emailed to

each potential respondent with a link to our electronic survey

platform. Non-respondents received three sequential e-mail

reminders every two weeks including additional invitations

to participate and links to our electronic survey. Remaining

non-respondents were mailed a paper questionnaire with an

enclosed self-addressed postage-paid return envelope along

with a CAD 5.00 coffee gift card as an unconditional reward.

All electronic respondents were mailed a thank you note
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along with a CAD 5.00 coffee gift card. Survey completion

was entirely voluntary and responses were anonymous. A

consent disclosure statement was included in the invitation to

participate and subsequent survey completion represented

informed consent. We obtained approval from the University

of Manitoba Health Research Ethics Board for this survey.

For sample size calculations, we estimated 430 critical

care and 300 infectious diseases specialists practicing in

academic centres across Canada based on academic centre

departmental staff lists. Final respondent lists were

generated by contacting each individual site and cross-

referenced with electronically published staff lists from

university and hospital websites. Assuming a total

population of n = 730, a sample size of n = 252 provides

the ability to evaluate proportions with a 95% confidence

level and a margin of error of 5% (eTable 1, ESM).

We targeted a response rate of 60%. Evidence-based

survey science strategies have achieved response rates of

54–71% in similar sample populations.34,35 We presented

categorical item responses as numbers and proportions. We

used Chi square tests to analyze sub-group differences in

proportions and Cochran–Armitage trend tests for

categorical variables with a natural ordering. A priori

planned subgroups were physician specialty (critical care

vs infectious diseases) and geographical by Canadian

province. We developed a multivariable logistic regression

model to identify physician-level predictors of previous

IVIG use as an adjunctive therapy in septic shock. These

included demographic and clinical practice variables.

Results

After contacting individual academic sites, we identified

702 potential critical care and infectious diseases specialist

physicians in Canada meeting our inclusion criteria. After

exclusions (Figure) we sent invitations to 674 potential

respondents to participate in our survey. We received 407

returned surveys representing a response rate of 60%. Of

407 returned completed surveys, 43 were excluded based

on missing key variables of physician specialty (critical

care vs infectious diseases) or missing IVIG use. We

analyzed results from 364 respondents (Figure).

Demographics

Survey respondents were specialist physicians in adult

critical care medicine (66%, n = 241) or adult infectious

diseases medicine (34%, n = 123) practicing in Canadian

academic centres with Royal College of Canada critical

care medicine fellowship programs. Respondents

completed our questionnaire in English (84%, n = 307)

and French (16%, n = 57). Survey respondents were

geographically representative of the target population and

reported managing critically ill patient populations in

diverse practice settings (Table 1). Respondents reported

practicing primarily in tertiary referral centres (96%, n =

348), and a minority in community centres (4%, n = 13)

across Canada. Our sample frame included respondents

with a broad range of clinical experience (Table 1).

Utilization of IVIG

The vast majority (91%; n = 333) of Canadian critical care

and infectious diseases specialists reported having

prescribed IVIG at least once to patients as an adjunctive

therapy for septic shock. In sub-group analyses, a higher

proportion of infectious disease specialists endorsed

previous use of IVIG for patients with septic shock than

critical care specialists did (96%, n = 118 vs 89%, n = 215;

P = 0.03). Of respondents who had prescribed IVIG in

septic shock, 86% (n = 312) reported administering IVIG

for septic shock due to necrotizing fasciitis, 52% (n = 189)

had prescribed IVIG for other (non-necrotizing fasciitis)

bacterial toxin- mediated causes of septic shock, whereas

5% (n = 19) had prescribed IVIG for undifferentiated septic

shock. In the previous year 61% (n = 221) of Canadian

critical care and infectious diseases specialists reported

prescribing IVIG as an adjunctive treatment for septic

shock; the majority prescribed it only one to five times in

the previous year (59% of cohort; 64% of ever prescribers)

(Table 2).

Barriers to use

With respect to published clinical trials of IVIG in patients

with septic shock, respondents reported that inadequate

power (59%, n = 216) and inconsistency in completed trials

(53%, n = 194), outdated populations or co-interventions

studied (27%, n = 98), bias (30%, n = 109), choice of

outcome (10%, n = 37), lack of proven safety (11%, n = 39)

or efficacy (45%, n = 165) and/or lack of familiarity with

published evidence (28%, n = 101) were factors that

limited their clinical uptake of this therapy. Specific

barriers that respondents endorsed as potentially limiting

or preventing IVIG use in the management of patients with

septic shock include insufficient level of evidence (91%,

n = 332), cost (61%, n = 222), limited supply (28%, n =

103), and risk of toxicity or adverse reactions (23%, n =

85). Fewer respondents reported consultation with other

services (17%, n = 60) and administrative paperwork (12%,

n = 42) as barriers to use. When selecting potential barriers

respondents were invited to ‘‘select all that apply’’

(eAppendix, ESM).
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Knowledge gaps and future research

The vast majority of respondents expressed uncertainty

regarding the clinical impact of IVIG on mortality and

safety in adult patients with septic shock (97%, n = 352 and

95%, n = 346; respectively). Most respondents (68%; n =

246) reported that further prospective clinical trials are

‘‘definitely warranted’’ to evaluate the role of IVIG in

patients with septic shock; 27% (n = 97) were unsure

whether further prospective clinical trials were needed and

5% (n = 20) of respondents felt further research was not

warranted. For the respondents who felt further clinical

trials were not warranted, 55% (n = 11) felt the current

evidence base was sufficient and did not support a

beneficial role of IVIG, 35% (n = 7) responded that there

was no biologic rationale for IVIG in septic shock, 20%

(n = 4) felt the cost of IVIG in Canada would preclude its

use regardless of efficacy and 5% (n = 1) felt a beneficial

TABLE 1 Respondent demographics

Clinical specialty Critical care

Infectious diseases

66% (n = 241)

34% (n = 123)

Practice location British Columbia 6% (n = 23)

Alberta 18% (n = 67)

Manitoba 12% (n = 42)

Ontario 31% (n = 113)

Quebec 29% (n = 106)

Maritimes 3% (n = 12)

Base specialty Anesthesiology 11% (n = 37)

Emergency medicine 5% (n = 18)

Internal medicine 70% (n = 245)

Surgery 9% (n = 32)

Other 5% (n = 19)

Practice population Medical 93% (n = 340)

Surgical 87% (n = 316)

Neurologic 42% (n = 152)

Trauma 40% (n = 144)

Transplant 35% (n = 128)

Cardiac 35% (n = 127)

Respondent duration of practice (year) 0–5 20% (n = 72)

6–10 21% (n = 75)

11–15 20% (n = 72)

[ 15 40% (n = 145)

Where categories add to[ 100%, respondents were able to select more than one option

TABLE 2 Utilization of IVIG in septic shock

Previous IVIG use in septic shock Ever used

Never Used

91% (n = 333)

9% (n = 31)

Etiology of septic shock for which IVIG was prescribed Necrotizing fasciitis

Other bacterial toxin-mediated causes of septic shock

Undifferentiated septic shock

86% (n = 312)

52% (n = 189)

5% (n = 19)

Number of times IVIG used for septic shock in the

previous year

0 39% (n = 142)

1–5 59% (n = 214)

6–10 1% (n = 5)

[ 10 0.5% (n = 2)

IVIG = intravenous immune globulin
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role of IVIG was already supported by the current evidence

base. Respondents were willing to participate in future

research, with 98% (n = 356) of respondents stating they

would consider enrolling their own patients into an

appropriately designed randomized trial of IVIG in septic

shock. Considering the population of interest for a future

trial of IVIG in septic shock, 73% of respondents (n = 264)

supported enrolling patients with septic shock due to

necrotizing fasciitis, 75% (n = 274) supported enrolling

patients with bacterial toxin-mediated septic shock and

54% (n = 197) supported enrolling patients with

undifferentiated septic shock.

Predictors of use

The majority of survey respondents (59%, n = 215)

reported familiarity with the existing body of published

evidence on the efficacy of IVIG in patients with septic

shock. Familiarity with published literature was

significantly associated with previous use of IVIG in

septic shock (odds ratio, 10.2; 95% confidence interval, 3.4

to 30.5; P \ 0.0001) when accounting for practice

specialty, duration, type, and location (eTable 2, ESM).

Discussion

In this survey of Canadian academic critical care and

infectious diseases specialist physicians, respondents

reported rarely prescribing IVIG for patients with

undifferentiated septic shock (as opposed to necrotizing

fasciitis or other bacterial toxin-mediated causes of septic

shock) and the vast majority reported uncertainty in either

direction regarding the efficacy and safety of IVIG as an

adjunctive therapy in this patient population. Published

systematic reviews, however, support a mortality benefit

FIGURE Survey response flow diagram
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for IVIG in undifferentiated septic shock when added to

standard care.15,24–28,36 Our findings of relatively rare self-

reported use of IVIG in undifferentiated septic shock are

perhaps at odds with these published results. In examining

what elements of the existing published studies have

limited the clinical uptake of this therapy, we discovered

that respondents felt these relatively small trials were

under-powered for important outcomes and that

inconsistencies in individual trial results, bias, and

changing standards of care over time were major factors

that limited respondent confidence in the conclusions of

these trials and represent barriers to the practical

application of this evidence.

As evidence of clinical equipoise, most respondents

supported the conduct of future clinical trials of IVIG in

septic shock and said they would consider enrolling their

own patients into an adequately powered and appropriately

designed trial. Despite our finding that respondents

reported prescribing IVIG more commonly for

necrotizing fasciitis and other bacterial toxin-mediated

forms of septic shock they were in favour of including

these patients along with those with undifferentiated septic

shock in future clinical trials, further supporting the

existence of clinical equipoise for IVIG in these

populations.

Using multivariable logistic regression techniques, we

showed that familiarity with published evidence on the

efficacy of IVIG in patients with septic shock was the

strongest predictor of whether respondents endorsed using

IVIG for septic shock. This finding supports the need for

the publication of high-quality evidence as well as the

integration of a comprehensive knowledge translation

strategy in any research program that hopes to see

dissemination and adoption of the knowledge generated

within.

Limitations and strengths

The inherent biases of self-report represent an expected

limitation of this study where actual respondent practice

may differ from that which they report. Additionally, our

sample frame was restricted to academic centres affiliated

with critical care training programs as opposed to

community-based sites. This sample frame was also

limited to the Canadian population, which should be

considered when extrapolating these results to other

national contexts. Further, our estimates of past use of

IVIG were based on ‘‘ever-use’’ and so we were unable to

quantify overall rates of use in septic shock. We will

address these limitations by quantifying the actual

utilization of IVIG in a population representative data set

of adult patients with septic shock in a forthcoming

publication. Additional stakeholders not included in our

sample frame include manufacturers and conservators of

IVIG as well as patients, both of whom will be integrated

into the planning of a future clinical trial.

Our survey has several strengths. We developed this

survey using rigorous evidence-based survey science

methods to obtain accurate data and optimize our

response rate. The administration and dissemination of

our survey adhered to the principles of social exchange

theory and was informed by evidence-based survey science

methods. Our response rate of 60% is similar to the

response rates of other surveys34,35,37 published by

colleagues in our field who have employed similarly

rigorous evidence-based methods.

Conclusions

In this national census of Canadian specialist critical care

and infectious disease physicians, the reported previous

historical use of IVIG in septic shock was high with a

majority of respondents having prescribed IVIG at least

once within the last year. Intravenous immune globulin was

most commonly used for patients with necrotizing fasciitis

and bacterial toxin-mediated forms of septic shock with

relatively rare use in undifferentiated septic shock. The

results of this survey have identified a significant evidence

gap regarding the efficacy and safety of IVIG in septic

shock despite ongoing clinical use of the product. The

greatest barrier to the clinical use of IVIG in septic shock is

inadequacy of the existing body of published research.

Canadian critical care and infectious diseases specialist

physicians feel that future, high-quality studies on IVIG in

septic shock are required and they have expressed

enthusiasm about participating in those studies. The

clinical use of IVIG in undifferentiated septic shock, as a

limited blood product with an as-yet incompletely

characterized efficacy profile, must be justified by

rigorously designed and conducted clinical trials. The

results of this survey will directly inform the design of just

such a clinical trial of IVIG in septic shock.
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