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Background: Polyvalent intravenous immune 
globulin (IVIg) – Indications

▪ Humoral 
immunodeficiency
– IVIg reduces the risk of 

infection

– Typical treatment course: 
infusion of 0.4 g/kg every 
3-4 weeks

▪ Autoimmune and 
inflammatory conditions
– Higher doses (1-2 g/kg) can 

ameliorate some 
inflammatory disorders

Gelfand 2012; Eibl 2008; Silvergleid 2011; Orange 2006
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Background: IVIg-associated TEEs

▪ 1986-present: >200 events reported to FDA (FAERS data) or 
published in the medical literature

▪ 2002: FDA requires manufacturers to include warning

▪ Voluntary product withdrawals:

• Octagam (U.S., 2010)

• Omr-IgG-am (Israel, 2011)

▪ 2013: Boxed warning required

▪ Reported TEE incidence rates among IVIG patients: 0.6-17%

Daniel 2012; Menis 2013; Baxley 2011; Stangel 2003; Brannagan 1996; Caress 2003; Dalakas 1994; Huang 2011; Marie 2006; Okuda 
2003; FDA 2002; FDA 2013; Paran 2005; Winiecki 2011; Turecek 2011; Ramirez 2014
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Study design

▪ Self-controlled risk interval design

▪ Population: new IVIg users

• Hospitalized patients excluded for venous TEE risk 
assessment

Venous TEE (LE DVT + PE)

▪ Risk window: 0-13d

▪ Control window: 14-27d

Arterial TEE (AMI + stroke)

▪ Risk window: 0-2d

▪ Control window: 14-27d
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Chart validation of exposure and outcome

19,069 new IVIg users 
(34% age 60+ years) w/ 
93,555 treatments

442 potential post-IVIg
TEE cases identified in 
SDD

Charts requested from 
data partners

299 charts abstracted by 
trained nurses

Cases adjudicated by 
physicians

▪ Key elements

– Occurrence of TEE

– Exposure to IVIg

– IVIg-TEE time interval
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Frequency of confirmed arterial TEE cases by 
recency of exposure to IVIg

92 Confirmed

5 Ineligible

112 Ruled out

15 Insufficient info

224 Adjudicated

321 Potential events in 
SDD
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Frequency of confirmed venous TEE cases by 
recency of exposure to IVIg

37 Confirmed

8 Ineligible

17 Ruled out

13 Insufficient info

75 Adjudicated

121 Potential events in 
SDD
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Patient-stratified conditional Poisson 
relative risk estimates

Endpoint
Rate ratio
(95% CI)

Attributable event rates
(95% CI) per 10,000 
patients

Arterial 
TEE

3.72 (1.75, 7.84) 9.45 (3.64, 15.6)

Venous 
TEE

1.04 (0.47, 2.34) 0.81 (-13.6, 15.2)
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Discussion

Strengths

▪ Large population-based 
cohort of new IVIg users

▪ Chart confirmation of 
outcome, exposure, and 
IVIg-TEE time interval

▪ Denominator data and 
absolute risk estimates

Limitations

▪ Missing data / lower than 
expected chart retrieval rates

▪ Venous TEE analysis excluded 
inpatient IVIg exposure 
patients 

▪ Results sensitive to validity of

– Risk/control window choices

– Assumption of stable 
baseline risk for each 
patient
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Conclusions

▪ Transient increased risk of 
arterial TEE during 0-2d post-IVIg
(RR ≈ 3.7; absolute risk ≈ 1 per 
1,000 new users)

▪ No significant increase in venous 
TEE risk during 0-13d post-IVIg
(outpatient IVIg only)



info@sentinelsystem.org 12© 2017 Sentinel Operations Center. All Rights Reserved.

References
▪ Baxley, A., & Akhtari, M. (2011). Hematologic toxicities associated with intravenous immunoglobulin therapy. International Immunopharmacology. doi:10.1016/j.intimp.2011.07.024

▪ Ben-Ami, R., Barshtein, G., Mardi, T., Deutch, V., Elkayam, O., Yedgar, S., & Berliner, S. (2003). A synergistic effect of albumin and fibrinogen on immunoglobulin-induced red blood cell aggregation. 
Am J Physiol Heart Circ Physiol, 285(6), H2663-2669. doi:10.1152/ajpheart.00128.2003

▪ Brannagan, T. H., 3rd, Nagle, K. J., Lange, D. J., & Rowland, L. P. (1996). Complications of intravenous immune globulin treatment in neurologic disease. Neurology, 47(3), 674-677. 

▪ Caress, J. B., Cartwright, M. S., Donofrio, P. D., & Peacock, J. E., Jr. (2003). The clinical features of 16 cases of stroke associated with administration of IVIg. Neurology, 60(11), 1822-1824. 

▪ Dalakas, M. C. (1994). High-dose intravenous immunoglobulin and serum viscosity: risk of precipitating thromboembolic events. Neurology, 44(2), 223-226. 

▪ Daniel, G. W., Menis, M., Sridhar, G., Scott, D., Wallace, A. E., Ovanesov, M. V., . . . Izurieta, H. S. (2012). Immune globulins and thrombotic adverse events as recorded in a large administrative 
database in 2008 through 2010. Transfusion, 52(10), 2113-2121. doi:10.1111/j.1537-2995.2012.03589.x

▪ Eibl, M. M. (2008). History of immunoglobulin replacement. Immunology and Allergy Clinics of North America, 28(4), 737-764, viii. doi:10.1016/j.iac.2008.06.004

▪ Gelfand, E. W. (2012). Intravenous immune globulin in autoimmune and inflammatory diseases. New England Journal of Medicine, 367(21), 2015-2025. doi:10.1056/NEJMra1009433

▪ Huang, L., Kanellis, J., & Mulley, W. (2011). Slow and steady. Reducing thrombotic events in renal transplant recipients treated with IVIg for antibody-mediated rejection. Nephrology (Carlton), 16(2), 
239-242. doi:10.1111/j.1440-1797.2010.01399.x

▪ Marie, I., Maurey, G., Herve, F., Hellot, M. F., & Levesque, H. (2006). Intravenous immunoglobulin-associated arterial and venous thrombosis; report of a series and review of the literature. British 
Journal of Dermatology, 155(4), 714-721. doi:10.1111/j.1365-2133.2006.07390.x

▪ Menis, M., Sridhar, G., Selvam, N., Ovanesov, M. V., Divan, H. A., Liang, Y., . . . Izurieta, H. S. (2013). Hyperimmune globulins and same-day thrombotic adverse events as recorded in a large 
healthcare database during 2008-2011. American Journal of Hematology, 88(12), 1035-1040. doi:10.1002/ajh.23559

▪ Okuda, D., Flaster, M., Frey, J., & Sivakumar, K. (2003). Arterial thrombosis induced by IVIg and its treatment with tPA. Neurology, 60(11), 1825-1826. 

▪ Orange, J. S., Hossny, E. M., Weiler, C. R., Ballow, M., Berger, M., Bonilla, F. A., . . . Immunology. (2006). Use of intravenous immunoglobulin in human disease: a review of evidence by members of 
the Primary Immunodeficiency Committee of the American Academy of Allergy, Asthma and Immunology. Journal of Allergy and Clinical Immunology, 117(4 Suppl), S525-553. 
doi:10.1016/j.jaci.2006.01.015

▪ Ovanesov, M. V., Shibeko, A. M., Woodle, S. A., Anderson, C. M., Hogwood, J., Barson, H., . . . Scott, D. (2011). Association of factor XIa with intravenous immune globulin products implicated in 
thrombotic adverse events: biochemical root cause investigation. Journal of Thrombosis and Haemostasis, 9(Suppl 2), 272, O-TU-039. 

▪ Paran, D., Herishanu, Y., Elkayam, O., Shopin, L., & Ben-Ami, R. (2005). Venous and arterial thrombosis following administration of intravenous immunoglobulins. Blood Coagulation and Fibrinolysis, 
16(5), 313-318. 

▪ Pollreisz, A., Assinger, A., Hacker, S., Hoetzenecker, K., Schmid, W., Lang, G., . . . Ankersmit, H. J. (2008). Intravenous immunoglobulins induce CD32-mediated platelet aggregation in vitro. British 
Journal of Dermatology, 159(3), 578-584. doi:10.1111/j.1365-2133.2008.08700.x

▪ Ramirez, E., Romero-Garrido, J. A., Lopez-Granados, E., Borobia, A. M., Perez, T., Medrano, N., . . . Frias, J. (2014). Symptomatic thromboembolic events in patients treated with intravenous-
immunoglobulins: results from a retrospective cohort study. Thrombosis Research, 133(6), 1045-1051. doi:10.1016/j.thromres.2014.03.046

▪ Roemisch, J. R., Kaar, W., Zoechling, A., Kannicht, C., Putz, M., Kohla, G., . . . Rempeters, G. (2011). Identification of Activated FXI as the Major Biochemical Root Cause in IVIG Batches Associated with 
Thromboembolic Events.  Analytical and Experimental Approaches Resulting in Corrective and Preventive Measures Implemented into the Octagam® Manufacturing Process. WebmedCentral
IMMUNOTHERAPY 2(6), WMC002002. 

▪ Silvergleid, A. J., & Ballow, M. (2015). Overview of intravenous immune globulin (IVIG) therapy. In S. L. Schrier & E. R. Stiehm (Eds.), UpToDate. Waltham, MA: UpToDate. 

▪ Turecek, P. L. (2011, September 5, 2015). Minimizing procoagulant impurities in IGIV products: Baxter's approach.   Retrieved from 
http://www.fda.gov/downloads/BiologicsBloodVaccines/NewsEvents/WorkshopsMeetingsConferences/UCM260772.pdf

▪ U.S. Food and Drug Administration. (2002). Safety Alerts for Human Medical Products: Immune Globulin Intravenous (Human) [IGIV]. Retrieved from 
http://www.fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/ucm154633.htm

▪ U.S. Food and Drug Administration. (2013, 01/22/2015 ). FDA Safety Communication: New boxed warning for thrombosis related to human immune globulin products.   Retrieved from 
http://www.fda.gov/BiologicsBloodVaccines/SafetyAvailability/ucm375096.htm

▪ Winiecki, S. (2011). Adverse Event Reports to FDA for Immunoglobulins and TEEs.   Retrieved from 
http://www.fda.gov/downloads/BiologicsBloodVaccines/NewsEvents/WorkshopsMeetingsConferences/UCM260805.pdf

▪ Wolberg, A. S., Kon, R. H., Monroe, D. M., & Hoffman, M. (2000). Coagulation factor XI is a contaminant in intravenous immunoglobulin preparations. American Journal of Hematology, 65(1), 30-34. 



info@sentinelsystem.org 13© 2017 Sentinel Operations Center. All Rights Reserved.

IVIg-TEE Workgroup 

▪ Project Period: February 2013 – August 2016

▪ Workgroup Leads: Elizabeth Chrischilles and Ryan Carnahan

▪ FDA: Scott Winiecki

▪ SOC: Candace Fuller, Meghan Baker, Crystal Garcia, Madelyn Pimentel

▪ University of Iowa: Eric Ammann, Ryan Carnahan, Marin Schweizer, 
Nicholas Rudzianski, Cole Haskins, Enrique Leira, Jennifer Robinson, Jim 
Torner, Usha Perepu, Nandakumar Nagaraja, Jayasheel Eshcol, Saket
Girotra, Rami Kafa, Sudeepta Dandapat

▪ Kaiser Permanente Northern California: Bruce Fireman

▪ University of Pennsylvania: Charlie Leonard, Adam Cuker

▪ Many thanks are due to the 13 Data Partners who provided data and 
medical records used in the analysis.



info@sentinelsystem.org 14© 2017 Sentinel Operations Center. All Rights Reserved.

Discussion: Unobtainable charts

Reasons that index TEE encounter charts were unobtainable for the 143 
potential TEE cases that did not proceed to abstraction

Reason Frequency

Unable to map patient and/or provider of requested encounter to identifiers needed for 
chart retrieval

28

Unable to identify patient and/or provider for chart corresponding to requested encounter 5

Could not establish contact with provider 16

Provider does not participate in research studies 1

Provider did not participate due to legal/compliance/HIPAA concerns 25

Provider did not participate (reason unspecified) 22

No record of patient at facility 18

Requested dates of service unavailable in chart corresponding to requested encounter 9

Chart not retrieved due to resource constraints 6

Chart not informative due to insufficient information 1

Chart processed after deadline for chart review 3

Other or unspecified 9
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Discussion: Arterial TEE risk overstated in 
administrative data due to spurious day zero 
events

Scenario Rate ratio Absolute risk

All chart-confirmed risk 
window (RW) or control 
window (CW) cases

3.72 (95% CI: 1.75, 7.84) 9.45 (95% CI: 3.64, 15.6) per 
10,000 patients

All RW or CW as determined 
from SDD

16.1 (95% CI: 12.1, 21.7) 93.7 (95% CI: 85.1, 102.1) per 
10,000 patients

No date/time stamping of inpatient procedure and 
diagnosis records in SDD

▪ Inpatient procedure and diagnosis records listed as 
occurring on the admission date


