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Background. Shock frequently complicates necrotizing fasciitis (NF) caused by group A Streptococcus (GAS) or Staphylococcus 
aureus. Intravenous immunoglobulin (IVIG) is sometimes administered for presumptive toxic shock syndrome (TSS), but its fre-
quency of use and efficacy are unclear.

Methods. Adult patients with NF and vasopressor-dependent shock undergoing surgical debridement from 2010 to 2014 were 
identified at 130 US hospitals. IVIG cases were propensity-matched and risk-adjusted. The primary outcome was in-hospital mor-
tality and the secondary outcome was median length of stay (LOS).

Results. Of 4127 cases of debrided NF with shock at 121 centers, only 164 patients (4%) at 61 centers received IVIG. IVIG sub-
jects were younger with lower comorbidity indices, but higher illness severity. Clindamycin and vasopressor intensity were higher 
among IVIG cases, as was coding for TSS and GAS. In-hospital mortality did not differ between matched IVIG and non-IVIG groups 
(crude mortality, 27.3% vs 23.6%; adjusted odds ratio, 1.00 [95% confidence interval, .55–1.83]; P = .99). Early IVIG (≤2 days) did 
not alter this effect (P = .99). Among patients coded for TSS, GAS, and/or S. aureus, IVIG use was still unusual (59/868 [6.8%]) and 
lacked benefit (P = .63). Median LOS was similar between IVIG and non-IVIG groups (26 [13–49] vs 26 [11–43]; P = .84). Positive 
predictive values for identifying true NF and debridement among IVIG cases using our algorithms were 97% and 89%, respectively, 
based on records review at 4 hospitals.

Conclusions. Adjunctive IVIG was administered infrequently in NF with shock and had no apparent impact on mortality or 
hospital LOS beyond that achieved with debridement and antibiotics.
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Necrotizing fasciitis (NF) is a deep bacterial infection involving fas-
cia and muscle with rapidly progressive tissue destruction. Group 
A Streptococcus (GAS) remains the most common cause of monomi-
crobial NF, but Staphylococcus aureus (SA) is an emerging etiology 
[1, 2], and both of these have been associated with epidemiolog-
ically distinct toxic shock syndromes (TSSs). While streptococcal 
TSS always occurs in the context of severe, invasive infections such 
as NF, infection is often unapparent [3, 4] and survival is generally 

better [5] in staphylococcal TSS. In both forms of TSS, bacterial 
exotoxins act as superantigens to trigger polyclonal T-cell activa-
tion, cytokine cascade, and refractory shock [4]. Although most 
clinical isolates of S. aureus produce 1 or more superantigens [6], 
vasopressor-dependent hypotension in invasive S. aureus infections 
is typically classified as septic shock. In contrast, shock and organ 
failure in NF secondary to GAS are defined as TSS [7]. However, 
for either streptococcal or staphylococcal NF with shock, classic 
features of TSS, such as desquamation, are not invariably present 
and can occur weeks after the acute illness. Therefore, the clinical 
diagnosis of TSS as a surrogate for superantigen-induced shock is 
imperfect and the importance of this mechanism in NF with shock 
secondary to S. aureus or even GAS is not entirely clear. Notably, 
other necrotizing soft tissue infections (eg, due to Vibrio, Clostridia, 
or polymicrobial infections) may also present with shock but have 
not been associated with superantigen-mediated TSS.

Mortality in NF ranges from as low as 5% [8] to >50% in 
the presence of shock and organ failure [9]. Survival requires 
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prompt, appropriate antibiotics and aggressive surgical control. 
The Infectious Diseases Society of America (IDSA) also rec-
ommends clindamycin for NF due to GAS to block exotoxin 
production and to overcome high bacterial inocula [10]. While 
intravenous immunoglobulin (IVIG) contains antibodies that 
neutralize exotoxin superantigens, support for use in critically 
ill patients with NF caused by GAS or SA remains controversial 
[11]. IVIG has been studied as an adjunctive treatment in TSS 
[12, 13], but the only multicenter, randomized, double-blinded, 
placebo-controlled trial (RCT) of IVIG in TSS was terminated 
due to the lack of recruitment after enrolling only 21 patients 
[14]. In contrast to an earlier small observational cohort in 
Canada [15], a larger observational study of streptococcal TSS 
in children [16] was unable to confirm benefit from adjunctive 
IVIG. Two recent comparative observational studies of pro-
spectively identified cases of GAS TSS from Sweden (N = 67; 
27% with NF) [17] and invasive GAS disease from Australia 
(N  =  84; 79% with shock and 35% with NF) [18] concluded 
that IVIG either improved or may have improved survival, 
respectively. Unlike its strong recommendation for clindamy-
cin, the IDSA determined that existing evidence is insufficient 
to recommend IVIG for NF-TSS and emphasized the need for 
further studies [10].

Given the cost of IVIG, interruptions in supply, unclear effi-
cacy, and potential adverse effects, a reappraisal of its role in 
NF with shock is desirable. However, due to low incidence and 
controversy regarding equipoise, a sufficiently powered RCT has 
been difficult to operationalize [14]. Therefore, a large obser-
vational study may be the only realistic, near-term approach to 
inform the balance between benefits and risks of adjunctive IVIG 
[19]. Furthermore, available epidemiologic data on IVIG use in 
NF with shock in North America is outdated and varies consid-
erably [20]. An adequately large, observational cohort study is 
necessary to determine the prevalence of this practice and bet-
ter assess the current feasibility of conducting an RCT. Here, we 
used an enhanced administrative database with date-stamped 
medication administrations from US academic medical centers 
to examine utilization patterns of IVIG among hospitalized 
patients with NF and vasopressor-dependent shock (NF-shock) 
and evaluate the impact of adjunctive IVIG on survival.

METHODS

A retrospective cohort study was performed using the Clinical 
Database/Resource Manager (CDB/RM) of Vizient, formerly 
University Health-Systems Consortium (UHC; Chicago, 
Illinois; see Supplementary Data for details) [21]. The effective-
ness of IVIG was evaluated in patients with NF and vasopres-
sor-dependent shock who underwent surgical debridement. 
The primary outcome was an odds ratio (OR) of in-hospi-
tal mortality. The secondary outcome was median length of 
stay (LOS).

NF-Shock Case-Selection Algorithm

Case selection is presented in Figure 1. The CDB/RM was que-
ried for adult inpatients between October 2010 and June 2014 
with an International Classification of Diseases, Ninth Revision 
(ICD-9) discharge diagnosis of NF (728.86). Patients coded for 
Fournier gangrene (608.83) or gas gangrene (040.0) but not NF 
were excluded, as IVIG has no defined role in these conditions 
[11]. Also excluded were patients with non-TSS indications 
for IVIG (Supplementary Table E2). The IDSA and Surgical 
Infection Society guidelines consider surgical intervention to 
be the primary therapeutic modality for NF and it is standard 
practice to have patients return to the operating room within 
24–36 hours of the index procedure [10, 22]. Although the ini-
tial debridement is usually extensive, the extent of tissue necro-
sis is often underappreciated at that time. An isolated trip to the 
operating room is likely to represent cases where NF was ruled 
out by local exploration [23]. Consequently, our debridement 
algorithm was restricted to patients who underwent debride-
ment ≥2 times and/or amputations (Supplementary Table E1) 
or who died following a single surgical procedure within 3 cal-
endar days. Date-stamped charges identified vasopressor use to 
eliminate patients with no clear indication for IVIG.

Analysis

IVIG patients were matched to non-IVIG patients via pro-
pensity score matching. The matching algorithm controlled 
immortal time bias as well as balanced the covariates of Table 1. 
Multivariable logistic regression was performed on matched 
pairs relating the binary outcome of in-hospital mortality 
to IVIG group status and all the matching variables for the 
matched cohort. Further details on the primary and various 
sensitivity analyses are available in the Supplementary Data. 
Algorithms applied to administrative data were validated by 
chart review at 4 centers in 3 geographic regions with disparate 
NF-shock case volume and proportions of associated IVIG use 
(Supplementary Data).

RESULTS

There were 11 776 unique adult inpatient encounters with the 
NF diagnosis code at 130 hospitals. Of these, 10 006 (85%) 
patients were coded for ≥1 surgical debridement, but only 5655 
(48%) met the debridement algorithm. Nearly three-quarters 
of these (n = 4154) received ≥1 vasopressor charge(s), and this 
group comprised the NF-shock cohort (Figure 1). Excluding 27 
patients with other indications for IVIG yielded 4127 cases, of 
which 164 received IVIG. Baseline characteristics of overall and 
matched cohorts are presented in Table 1. Patients given IVIG 
were younger (mean age, 48.8 ± 15.0 vs 54.0 ± 14.1 years) and 
had fewer comorbid conditions (median Charlson Comorbidity 
Index, 1.00 [0.00–2.25] vs 2.00 [1.00–3.00]). However, IVIG 
cases were more acutely ill, as indicated by a higher propor-
tion that (1) were in extreme categories of the 3M All Patients 
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Refined Diagnosis Related Groups Severity of Illness and Risk 
of Mortality scales; (2) received >1 vasopressor on the same day 
(69.5% vs 37.3%); and (3) had a greater number of debridement 
procedures (median, 5.0 [3.0–8.25] vs 4.0 [3.0–7.0]). Nearly 
half in both the IVIG and non-IVIG groups were transferred 
from another acute care hospital. Less than 30% of cases in 
both groups were at hospitals practicing unrestricted dis-
pensing of IVIG for off-label indications such as NF and TSS. 
Considerable center-level variation was seen in the distribution 
of NF-shock case-volume and proportional IVIG administra-
tion (Figure 2). The mean NF-shock case density was 9.94 per 
100 000 admissions (range, 0–197.97 per 100 000 admissions). 
The mean proportion of NF-shock cases that received adjunc-
tive IVIG remained low in the overall cohort at 4%, as well as 

among the 61 hospitals reporting any IVIG use at 5.8% (range, 
0–100%). Even among patients specifically coded for TSS, GAS, 
and/or SA, the use of IVIG remained infrequent at only 6.8%. 
The initial IVIG dose was administered within the first 2 days of 
hospitalization in 92 of 164 (56%) of the cases (Supplementary 
Figure E1). The frequency of IVIG use was significantly lower 
in hospitals following a restrictive policy for dispensing IVIG in 
NF or TSS (P = .015).

Of the 164 IVIG recipients, 161 were propensity-matched 
to 161 non-IVIG cases (Figure  3), producing remarkably 
well-balanced groups (Table  1) for exploring the impact 
of IVIG on outcome. Within the combined GAS/SA cate-
gory, separate coding for GAS and SA was equivalent across 
the 2 matched groups. IVIG had no impact on in-hospital 

supplementary data.

supplementary data.

.
.

Figure 1. Flowchart for the selection of necrotizing fasciitis (NF) shock cases. Inpatients discharged between October 2010 and June 2014 from 130 US academic medical 
centers and affiliates in the Vizient Clinical Database/Resource Manager (CDB-RM) were selected based on International Classification of Diseases, Ninth Revision (ICD-9) 
coding for NF, adult status, any surgical debridement, debridement consistent with the appropriate surgical management of true NF, vasopressor use, and absence of non–
toxic shock syndrome (TSS) indications for intravenous immunoglobulin (IVIG). Numbers in brackets indicate the number of centers.



880 • CID 2017:64 (1 April) • Kadri et al

mortality, the primary outcome (crude mortality, 27.3% vs 
23.6%; adjusted OR, 1.00 [95% confidence interval {CI}, 
.55–1.83]; P = .99) (Figure 4). For matched pairs that received 

clindamycin, mortality did not differ (IVIG group 26.8% 
vs non-IVIG group 24.8%; n =  153; P  =  .79). Mortality also 
did not differ in sensitivity analyses where the IVIG subject 

Table 1. Baseline Characteristics of the Necrotizing Fasciitis Shocka Cohort Before and After Propensity Matching

Variable
IVIG Group
(n = 164)

Unmatched Non-IVIG 
Group (n = 3963) P Value

Matched IVIG
Group (n = 161)

Matched Non-IVIG 
Group (n = 161) P Value

Age group, y .002 .951

 18–44 60 (36.6) 949 (23.9) 59 (36.6) 55 (34.2)

 45–59 63 (38.4) 1677 (42.3) 63 (39.1) 68 (42.4)

 60–74 34 (20.7) 1075 (27.1) 32 (19.9) 31(19.3)

 ≥75 7 (4.27) 262 (6.61) 7 (4.35) 7 (4.35)

Male sex 91 (55.5) 2270 (57.3) .708 89 (55.3) 98 (60.9) .366

Charlson Comorbidity Index score .052 .951

 0–3 142 (86.6) 3129 (79.0) 139 (86.3) 139 (86.3)

 4–5 15 (9.15) 505 (12.7) 15 (9.32) 14 (8.70)

 ≥6 7 (4.27) 329 (8.30) 7 (4.35) 8 (4.97)

3M APR DRG severity of illness assignment <.001 .827

 1–2 (mild and moderate) 1 (0.61) 61 (1.54) 1 (0.62) 2 (1.24)

 3 (major) 7 (4.27) 775 (19.6) 7 (4.35) 5 (3.11)

 4 (extreme) 156 (95.1) 3127 (78.9) 153 (95.0) 154 (95.7)

3M APR DRG risk of mortality assignment <.001 .808

 1–2 (mild and moderate) 6 (3.66) 622 (15.7) 6 (3.73) 5 (3.11)

 3 (major) 5 (3.05) 756 (19.1) 5 (3.11) 7 (4.35)

 4 (extreme) 153 (93.3) 2585 (65.2) 150 (93.2) 149 (92.5)

Relative expected mortalityb .06 .835

 1–2 (anything below observed) 53 (32.3) 1585 (40.0) 52 (32.3) 57 (35.4)

 3–4 (0–25% above observed) 71 (43.3) 1379 (34.8) 69 (42.9) 65 (40.4)

 5 (>25% above observed) 40 (24.4) 999 (25.2) 40 (24.8) 39 (24.2)

ICD-9 diagnosis code

 TSSc 34 (20.7) 55 (1.39) <.001 31 (19.3) 31 (19.3) 1.000

 GAS/Staphylococcus aureusd 43 (26.2) 774 (19.5) .045 40 (24.8) 40 (24.8) 1.000

 Any S. aureus (without GAS) 14 (8.5) 575 (14.5) .03 13 (8.07) 17 (10.6) .57

 Any GAS 29 (17.7) 199 (5.02) <.001 27 (16.8) 23 (14.3) .64

Clindamycin use 156 (95.1) 2828 (71.4) <.001 156 (95.0) 156 (95.0) 1.000

Clindamycin timing relative to debridement windowe <.001 .694

 Before 26 (15.9) 417 (10.5) 26 (16.1) 34 (21.1)

 During 127 (77.4) 2284 (57.6) 125 (77.6) 117 (72.7)

 After 3 (1.83) 127 (3.2) 2 (1.24) 2 (1.24)

 NA 8 (4.88) 1135 (28.6) 8 (4.97) 8 (4.97)

No. of vasopressorsf <.001 .159

 1 50 (30.5) 2485 (62.7) 49 (30.4) 62 (38.5)

 ≥2 114 (69.5) 1478 (37.3) 112 (69.6) 99 (61.5)

Median No. of debridement proceduresg 5.0 (3.0–8.25) 4.0 (3.0–7.0) .017 5.0 (3.0–9.0) 5.0 (3.0–9.0) .718

Day of first IVIG dose/vital status 3.57 (4.00) 3.60 (4.03) .929 3.59 (4.03) 3.59 (4.03) 1.000

Transfer from an acute care hospital 83 (50.6) 1919 (48.4) .639 82 (50.9) 86 (53.4) .738

Restrictedh IVIG dispensing 45 (27.4) 1131 (28.5) .828 43 (26.7) 43 (26.7) 1.000

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: APR DRG, All Patients Refined Diagnosis Related Groups; GAS, group A Streptococcus; IVIG, intravenous immunoglobulin; ICD-9, International Classification of Diseases, 
Ninth Revision; NA, Not applicable; TSS, toxic shock syndrome.
aPatients aged ≥18 y with ICD-9 diagnosis code for necrotizing fasciitis who have undergone at least 1 surgical debridement procedure and received at least 1 vasopressor during inpatient 
encounter.
bVizient’s mapping of individual patient mortality predictions to categories based on the ratio of the patient’s expected mortality to the patient’s model cohort population mortality.
cICD-9 code for toxic shock syndrome: 040.82.
dICD-9 code for GAS infection: 04101; S. aureus infection: 03.811, 03.812, 04.111, 04.112.
eBetween and including 1 day prior to and 2 days after day of initial debridement procedure.
fMaximum count on any day during the debridement window. Initial vasopressor could be norepinephrine, dopamine, phenylephrine, or epinephrine. Additional vasopressor could include 
any of these as well as vasopressin.
gList of ICD-9 debridement procedure codes can be found in the Supplementary Data.
hRequiring prior approval of infectious disease physician or pharmacy leadership.
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received IVIG within 2 days (28.9% vs 30.0%; OR, 0.95 [95% 
CI, .47–1.90]; P = .99) or where matched pairs were coded for 
TSS, GAS, and/or SA (IVIG group 16.1% vs matched non-
IVIG group 21.4%; n = 56; P = .63). Importantly, the discharge 

destinations of survivors (home, institution, hospice) did not 
differ between the groups (P = .57). Median LOS was 26 (13–
49) days in the IVIG and 26 (11–43) days in the matched non-
IVIG group (P = .84).
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Figure 2. Variation in volume of necrotizing fasciitis (NF) shock cases, proportion of admissions classified as NF-shock, and distributions of intravenous immunoglobulin (IVIG) 
use and associated dispensing restrictions across the US academic medical centers and affiliates in the Vizient Clinical Database/Resource Manager. A, Centers with at least 
1 NF-shock case between October 2010 and June 2014 are ranked in ascending order of total case volume. Non-IVIG and IVIG cases are shown in blue and red, respectively. B, 
NF-shock cases are dichotomized based on whether IVIG dispensing is restricted at the treating center. The dispensing policy for IVIG was classified as restricted if prior approval 
was required from infectious diseases or pharmacy. The positive y-axis depicts NF-shock case density (non IVIG cases shown in blue; IVIG cases shown in red) for each hospital, 
ordered by increasing proportion of IVIG use in NF-shock, which is represented by the negative y-axis (black). Test of IVIG proportion medians between restricted and unrestricted 
centers by the Wilcoxon rank-sum test with continuity correction yielded a P value of .015, suggesting that restriction significantly reduced IVIG use for this indication.
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At the 4 hospitals prospectively selected for chart review, 
the NF-shock case-definition algorithm identified 126 cases 
(including 29 IVIG cases; 18% of the total NF-shock cohort that 
received IVIG), which were all manually reviewed. Median ini-
tial IVIG dose was 1 g/kg (0.66–1) and median number of doses 
was 1 [1, 2]. Of the 29 patients treated with IVIG, 28 (97%) met 
the NF case definition. For these 28 cases, the microbiologic 
etiology was monomicrobial in 19 (15 with GAS, 1 each with 
Enterobacter, Pseudomonas, Candida, and Apophysomyces spe-
cies), polymicrobial in 8 (including 5 with SA and 1 with both 
GAS and SA), and culture negative in 2 cases (Supplementary 
Table E3). GAS was found in surgical cultures in 57.1% of IVIG 
cases and 22.5% of non-IVIG cases (P < .001) and SA in 17.9% 
of IVIG and 62.5% of non-IVIG cases (P <  .001), respectively 
(Table  2). Therefore, among confirmed NF-shock cases by 
chart review, 75% of those both treated and not treated with 
IVIG were culture positive for GAS and/or SA, but in roughly 
reverse proportions for the 2 organisms. This result is perhaps 
expected because GAS is a recognized etiologic agent of TSS in 

the setting of NF, and SA is not. The positive predictive value of 
the debridement algorithm in capturing true surgical debride-
ment for NF was equivalent in reviewed IVIG and non-IVIG 
cases (89% vs 88%). Additional comparisons of severity of acute 
illness markers and algorithm performance between reviewed 
IVIG and non-IVIG cases are presented in Table 2.

DISCUSSION

We found that IVIG use in NF-shock is infrequent, sporadic, 
and highly variable across academic centers and affiliates in 
the United States. Adjunctive IVIG was not associated with a 
survival benefit in NF-shock patients who received aggressive 
surgical management and antibiotics, even when IVIG was ini-
tiated within the first 2  days of hospital admission. Likewise, 
specific ICD-9 coding for TSS, GAS, and/or SA or clindamy-
cin use did not identify a NF-shock subgroup for which IVIG 
significantly improved outcome. Consistent with this lack of 
a survival benefit, IVIG use for NF-shock did not affect LOS. 
This multicenter retrospective observational study comprises 
the largest cohort of patients with NF-shock for whom the 
clinical effectiveness of IVIG has been evaluated to date, and 
is the first report examining timing of IVIG administration. 
Records review enabled validation of assumptions made in the 
analysis of administrative data. Like previous studies on IVIG 
efficacy, propensity-score matching was employed to minimize 
confounding by indication [16]. Our propensity score model 
included several covariates that are likely to influence the deci-
sion to use adjunctive IVIG. Although matching at the primary 
analysis level was not center specific, IVIG restriction status was 
used to mitigate the potential for selection bias. Date stamps 
provided temporal associations between debridement and the 
administration of vasopressors, clindamycin, and IVIG, which 
further enhanced matching and risk adjustment.

The population incidence of invasive GAS disease is estimated 
at 30–39 cases per million [24–26] with NF occurring in 2.55 
cases [26] and NF-TSS in 1.47 cases per million [24]. The rarity 
of TSS, with or without NF, has hampered the ability to con-
duct clinical trials. The only RCT [14] to date investigating the 
role of IVIG was terminated due to low accrual. Even assuming 
an optimistic 24.8% reduction below the control group mor-
tality of 21.4% (seen in our subgroup of matched pairs coded 
for TSS, GAS, and/or SA), a future RCT would require 888 
NF-shock patients in each arm in order to attain 80% power to 
detect a survival benefit from IVIG (see Supplementary Data 
for sample size calculations and an overview of ongoing RCTs). 
Furthermore, ambiguity remains around IVIG dosages and 
duration. Thus, this reappraisal here of existing use patterns 
and clinical effectiveness of IVIG in NF-shock in the real-world 
setting is an important first step for designing any future RCT.

Despite sharing an immunological mechanism, staphylococ-
cal and streptococcal TSSs are clinically and epidemiologically 
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Figure 3. Distribution of propensity scores. Propensity scores are calculated from 
a logistic regression relating intravenous immunoglobulin (IVIG) group status as a 
binary outcome to the matching variables as predictors for 4127 individuals. Table 1 
lists all the matching variables as well as their levels and categories. From the 
model, a fitted probability (propensity score) for each subject was calculated for 
how likely they are to be in the IVIG group based on their covariate profile of match-
ing variable values. These 4127 propensity scores are visualized on the logit-scale 
in the figure for 4 groups, from top to bottom: unmatched IVIG (n = 3), matched 
IVIG (n = 161), matched non-IVIG (n = 161), unmatched non-IVIG (n = 3966). The 
161 matched non-IVIG subjects are selected from all non-IVIG propensity scores 
so that the matched IVIG partner has a similar propensity score and with perfect 
balance on the presence of toxic shock syndrome, group A Streptococcus and/or 
Staphylococcus aureus codes, clindamycin use, and the value of first day of IVIG 
dose/vital status in the analysis. Note how similar the 161 propensity scores for 
the matched IVIG (n = 161) and matched non-IVIG (n = 161) groups are as opposed 
to how dissimilar the distributions are for matched IVIG (n = 161) and unmatched 
non-IVIG (n = 3966). The matched pairs are then put in a logistic regression model 
relating dichotomous variable in-hospital mortality to the matching variables and 
IVIG status as predictors. The exponentiated coefficient of the IVIG covariate in this 
subsequent logistic regression gives the adjusted odds ratio of mortality.
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distinct diseases [7, 9, 27]. Shock occurring during NF due to 
GAS is by definition TSS, while a similar case due to SA is typi-
cally classified as septic shock, a less specific entity. Nonetheless, 
SA clinical isolates commonly produce a wide variety of exotox-
ins, including TSST-1 and various staphylococcal enterotoxins 
that have superantigen activity and the potential to cause TSS 
[6]. We grouped together ICD-9 coding for TSS, GAS, and SA 
because of this ambiguity. However, and as expected, NF due to 
SA represented only a small minority of IVIG cases. Conversely, 
non-IVIG cases were significantly enriched for SA infections, 
suggesting that clinicians are following Centers for Disease 
Control and Prevention case definitions for TSS and avoiding 
IVIG use in NF-shock caused by SA. Although higher doses of 
IVIG may be needed to neutralize SA compared to GAS exotox-
ins in vitro, the relative clinical efficacy of IVIG across these 2 
types of TSS is not known [28].

NF and TSS secondary to GAS are associated with high 
case-fatality rates (29% and 38%, respectively) [26], and GAS 
is the only etiology of NF for which IVIG has a specific rec-
ommendation. Accordingly, NF-shock recipients of IVIG 
were 2.5 times more likely to be culture positive for GAS. In 
our study, IVIG was administered more frequently to younger 
patients with lower comorbidity burden; this pattern has been 
previously described and suggests a more aggressive approach 
in this population [17]. Records review revealed signifi-
cantly higher norepinephrine equivalents [29] and Sequential 

(Sepsis-Related) Organ Failure Assessment (SOFA) scores [30] 
among overall IVIG cases compared with non-IVIG cases of 
NF-shock. These findings indicate that IVIG recipients were 
more acutely ill, underscoring the importance of highly effec-
tive matching. Ninety-seven percent of IVIG cases and 85% of 
non-IVIG cases had true NF upon records review (Table  2), 
indicating that our case-selection algorithm performed well. 
Two or more operating room visits are generally required for 
obtaining complete surgical control [23]. Eighty-nine percent of 
reviewed debridement algorithm–positive cases correctly rep-
resented debridement for NF. The prevalence of true NF cases 
that might have been managed with only beside examinations 
after initial OR debridement could not be discerned, but bed-
side exploration is generally poorly tolerated by patients and at 
variance with standard surgical practice for NF. We also did not 
study the role of IVIG as definitive therapy in the absence of 
surgical debridement as this practice, although reported, is not 
considered standard of care [31].

Our study has several important limitations. First, while pro-
pensity score matching can minimize confounding by indica-
tion, its success is contingent upon the quality and granularity 
of available variables. Differences in baseline severity of illness, 
extent of tissue involvement, and causative pathogen between 
matched pairs may still be contributing to residual confound-
ing. However, we were able to perfectly balance matched pairs 
for GAS or SA diagnosis codes, as well as the TSS code and 

Odds Ratio 
of Mortality

All cases; unadjusted

Comparison of NF shock cases

IVIG Cases

No. No.

164 3963

0. .5 1.0 0 0 1.5 2.0 2.5-0.5
Favors IVIG Favors non-IVIG

Mortality 
(%)

19.4

Mortality 
(%)

26.8

Non-IVIG Cases

P Value

.02

Matched pairs adjusted by multivariable
  logistic regression*

161 161 23.627. .99

Matched pairs receiving IVIG within 2 days† 90 90 3028. .99

Matched pairs coded for TSS, GAS, and/or SA† 56 56 21.416. .63

Matched pairs, treated with clindamycin† 153 153 2526. .79

Matched pairs, unadjusted 161 161 23.627.

3

9

1

3

3 .44

Figure 4. In-hospital mortality across all analyses of intravenous immunoglobulin (IVIG) use in necrotizing fasciitis (NF) shock. The figure reports the odds ratios (ORs) 
of in-hospital mortality and 95% confidence intervals in the unmatched and unadjusted analysis, matched and unadjusted analysis, and primary analysis of all propensi-
ty-matched pairs adjusted by logistic regression, as well as sensitivity analyses on (1) propensity-matched pairs treated with clindamycin; (2) propensity-matched pairs where 
first administration of IVIG occurred within 2 days of hospitalization; and (3) propensity-matched pairs with coding for toxic shock syndrome (TSS), group A Streptococcus 
(GAS), and/or Staphylococcus aureus (SA) infection. There was no statistically significant difference in the ORs for in-hospital mortality between IVIG and propensity-matched 
non-IVIG cases in the primary analysis (*) as well as all sensitivity (†) analyses.
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clindamycin use. The inclusion of clindamycin and number of 
debridements as a matching variable precluded independent 
evaluation of its efficacy in our study. However, clindamycin 
selected for non-IVIG cases with clear indications for IVIG use, 
such as coding for TSS and GAS, and therefore greatly enhanced 
match balance. Importantly, evidence supporting a survival ben-
efit for clindamycin in NF caused by GAS and expert opinion has 
resulted in a strong recommendation in IDSA guidelines [10]. 
Second, duration of stay and treatments administered (includ-
ing IVIG) during previous hospitalizations were not available for 
transfers from other centers. Survival bias is an inherent limita-
tion associated with transferred patients. However, we matched 
on transfer status to mitigate these effects. Third, excluding the 
single debridement cases could have eliminated some cases suc-
cessfully treated with IVIG and a single debridement. Fourth, we 
were unable to match on use of hyperbaric oxygen, a treatment 

with unclear benefit in NF, as only 3 (1.8%) of the IVIG cases 
received this therapy. Fifth, we were unable to evaluate the 
impact of dose and duration of IVIG, although the median initial 
dose on chart review equaled the initial dose of the 3-day course 
administered in the Scandinavian clinical trial (day 1: 1  g/kg  
intravenously, days 2 and 3: 0.5  g/kg intravenously); there are 
currently no guidelines on recommended dosing [14]. Sixth, our 
study was not designed to determine cost effectiveness as infor-
mation on center-specific costs is unavailable in the database. 
Vizient, the largest member-owned healthcare services company 
in the United States, priced the daily cost of IVIG in 2016 at $73 
per gram. Seventh, sucrose content (associated with osmotic 
nephrosis and renal failure) and the specificity of antibody con-
tent differ between preparations of IVIG, which were not dis-
cernible in the database. These differences in IVIG preparations 
could potentially affect outcome.

Table 2. Comparison of Characteristics Between Manually Reviewed Casesa of Necrotizing Fasciitis Shock With and Without Intravenous Immunoglobulin 
Use at 4 US Academic Medical Centersb

Variable
All IVIG Cases 

(n = 29)
All Non-IVIG

Cases (n = 94c) P Value

NF diagnosis by case definitiond 28 80

 NF with any GAS in surgical cultures (total) 16 (57.1) 18 (22.5) <.001

 NF with any Staphylococcus aureus in surgical cultures (total) 5 (17.9) 50 (62.5) <.001

Markers of severity of acute illness

 Norepinephrine equivalente (µg/min) between days –1 and +2  
 from index debridement, mean ± SD

29.6 ± 27.8 12 ± 21.3 .003

 Admission SOFA score, mean ± SD 11.1 ± 5.4 6.6 ± 4.6f <.001

 Median hours from arrival to:

  Clindamycin administration 1.6 5.3 .27

  First debridement 3.4 6.6 .14

 Median No. of debridement proceduresg 3 3 .43

Positive predictive value

  NF-shock algorithm for NF by case definitiond 97% 85%

  NF-shock algorithm for TSS by CDC case definitionh 72% 43%

  GAS/S. aureus ICD-9 codesg for true infection 100% 91%

  Debridement algorithmi for true surgical therapy for NF 89% 88%

  IVIG charges for actual administration 97% NA

Negative predictive value

  IVIG charges for actual administration NA 98%

Data are presented as No. (%) unless otherwise indicated. One case in the Harborview Medical Center cohort was enrolled in a randomized controlled trial investigating the role of AB-103 
(synthetic CD28 mimetic octapeptide that inhibits binding of exotoxin superantigen to the CD28 co-stimulatory receptor on TH1 lymphocytes) in NF, but was randomized to the placebo arm 
(Bulger EM JAMA Surg 2014; 149:528–36).

Abbreviations: CDC, Centers for Disease Control and Prevention; GAS, group A Streptococcus; ICD-9, International Classification of Diseases, Ninth Revision; IVIG, intravenous immuno-
globulin; NF, necrotizing fasciitis; SD, standard deviation; SOFA, Sequential (Sepsis-Related) Organ Failure Assessment; TSS, toxic shock syndrome.
aAll cases identified as being from these 4 centers in the University Health-Systems Consortium database.
bHarborview Medical Center (Seattle, Washington); Barnes Jewish Hospital (St Louis, Missouri); and Brigham and Women’s Hospital and Massachusetts General Hospital (Boston, 
Massachusetts).
cData inaccessible for review in 3 of 97 non-IVIG cases.
dNecrosis of soft tissues with involvement of the fascia PLUS 1 or more of the following: (1) death; (2) shock (systolic blood pressure <90 mm Hg; (3) disseminated intravascular coag-
ulopathy; (4) failure of organ systems: respiratory and/or renal and/or hepatic PLUS isolation or visualization on Gram stain of suspected pathogenic organism(s) from a normally sterile 
body site or necrotic tissue (based on the case definition for NF secondary to GAS: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2626872/pdf/8903167.pdf). See Supplementary Data for 
distribution of causative organisms among reviewed cases.
eNorepinephrine equivalent (µg/min) = [norepinephrine (μg/min)] + [dopamine (μg/kg/min) / 2] + [epinephrine (μg/min)] + [phenylephrine (μg/min) / 10] [29].
fTwelve percent missingness of respiratory and 16% missingness of hepatic system variables for corresponding SOFA components.
gSee Supplementary Data for list of ICD-9 diagnosis and/or procedure codes.
hBased on clinical and laboratory criteria provided by the CDC for diagnosing streptococcal TSS (https://wwwn.cdc.gov/nndss/conditions/streptococcal-toxic-shock-syndrome/case-defini-
tion/2010/) and nonstreptococcal TSS (https://wwwn.cdc.gov/nndss/conditions/toxic-shock-syndrome-other-than-streptococcal/case-definition/2011/).
iConsidered positive in the presence of at least 2 ICD-9 debridement procedure codes (or 1 debridement procedure code and death) dated within 4 days of each other, where day 1 is the 
day of initial debridement.
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CONCLUSIONS

Routine use of IVIG in NF with vasopressor-dependent 
shock provided no benefit when added to aggressive surgical 
debridement, appropriate antibiotics, and supportive care. This 
lack of benefit persisted upon limiting the analysis to patients 
who received IVIG early and to those who had coding for 
GAS and/or SA, as well as to those who received clindamycin. 
Intravenous immunoglobulin is a costly treatment with poten-
tial harms that is currently used sparingly across US academic 
medical centers. Additional investigations using clinical- and 
microbiology-enriched data sources may further clarify the 
impact of IVIG in this rare but serious condition. Our results 
underscore the challenges of conducting a sufficiently powered 
trial of IVIG in NF-shock. These data can also help inform the 
design and conduct of trials investigating newer, more spe-
cific agents targeting the superantigen mechanism of excessive 
immune activation.
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