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ABSTRACT

The i.v. immunoglobulin (IVIG) therapy is one of the mainstays of treatment for humoral immunodeficiencies, but there is
limited knowledge of the adverse reactions associated with this therapy, especially reactions occurring in the postinfusion period.
The purpose of this prospective, observational, multicenter study was to identify and quantify the adverse reactions that can
occur both during and after IVIG infusions (Gamimune N) in patients with humoral immunodeficiency. Patients with primary
immunodeficiencies requiring IVIG therapy were followed over a 6-month period, and data regarding adverse events,
particularly the time of onset, duration, and type of reaction associated with IVIG infusions was collected via direct observation
and patient interviews. Data were obtained during and up to 72 hours after the completion of infusions. Sixty-five patients were
recruited and received a total of 447 infusions over a 6-month period. Four hundred fifty-one adverse reactions were noted, with
17% of infusions associated with an intrainfusion reaction and 41% associated with a postinfusion reaction. Most postinfusion
reactions occurred within 24 hours of the infusion and consisted mainly of headaches, fatigue, and nausea. Adverse reactions
to Gamimune N infusions are common and occur primarily in the postinfusion period. Estimates of the rate of adverse reactions
to Gamimune N infusions currently are underestimated because they do not account for postinfusion reactions. In addition,

once recoghized, effective treatment of postinfusion reactions may improve patient compliance and quality of life.
(Allergy Asthma Proc 27:532-536, 2006; doi: 10.2500/aap.2006.27.2917)

Regular infusions of i.v. immunoglobulin (IVIG) are
one of the mainstays of therapy for primary im-
munodeficiencies affecting the humoral immune sys-
tem. This therapy not only decreases the incidence of
infectious diseases contracted by patients with primary
immunodeficiencies,' but also improves their health-
related quality of life.>® Despite the widespread, reg-
ular use of IVIG in these disorders, there is a significant
gap in our understanding of its adverse effects. Ad-
verse events occurring at the time of infusion have
been reported previously and generally have been
found to be infrequent and of mild severity,* ® but
there is limited data on adverse events that persist or
begin after the infusion has ended.

The purpose of this study was to determine the
number and type of adverse events occurring both
during and after IVIG infusions received as therapy for
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humoral primary immunodeficiency. We focus primar-
ily on events occurring in the postinfusion period. It is
not entirely intuitive that symptoms starting after com-
pletion of an IVIG infusion may be related to the infu-
sion itself; therefore, it is necessary to identify and
quantify adverse reactions if physicians are to appro-
priately identify and treat these patients.

MATERIALS AND METHODS

Participants

Sixty-five participants were recruited from five of-
fice-based infusion centers located in Cleveland, OH;
Omaha, NE; Lincoln, NE; Dallas, TX; and Tacoma, WA.
Inclusion criteria included the diagnosis of a primary
immunodeficiency state” requiring IVIG therapy and
the receipt of at least two previous IVIG infusions, the
last of which was required to be Gamimune N (Bayer
Pharmaceuticals Corp., West Haven, CT). All eligible
patients from the study sites were invited to partici-
pate. Patients of all ages were recruited, and there were
no exclusion criteria. Informed consent was obtained
from each participant or from a legal guardian in the
case of pediatric patients.

Study Design

This was a prospective, observational, multicentered
study. Participants were recruited beginning in Octo-
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ber 1998 and were followed for 6 months after recruit-
ment. Data collection ended in September 1999. All
patients received Gamimune N. A single IVIG brand
was chosen to avoid confounding effects from different
formulations, and Gamimune N was chosen because of
its high rate of utilization in the participating clinics.
Patients received IVIG at the same dosage and sched-
ule as before entrance in the study, which was gener-
ally 200-600 mg/kg administered every 3-4 weeks.
The rate of infusion was determined at the discretion of
the treating physician based on rates previously toler-
ated by the patient.

Interviews were conducted by trained researchers at
the time of recruitment to collect demographic data
and medical history. Patients were subsequently inter-
viewed and observed at each infusion encounter and
contacted by telephone ~72 hours after each infusion.

Data collected during these times included the pro-
cess of obtaining i.v. access (number of attempts to
obtain access, pain or bruising at i.v. insertion site, and
functioning of i.v. catheter after placement); the use of
premedications; the onset, type, and duration of ad-
verse reactions; and interventions used to address ad-
verse reactions. Adverse reactions were categorized as
intrainfusion reactions (events occurring during the
infusion) or postinfusion reactions (events occurring
after the infusion ended). Institutional Review Board
approval was obtained from the university affiliated
with each infusion center.

RESULTS

Participants

Sixty-five patients were recruited and received a to-
tal of 447 IVIG infusions. No patients withdrew from
the study, but one pediatric patient died from an un-
related cause. Baseline demographic and medical data
are detailed in Table 1. The age distribution was bi-
modal with the first mode occurring in the pediatric
age group between the ages of 5 and 7 years and the
second occurring in the adult age group between the
ages of 40 and 49 years.

IVIG Administration

Four hundred eleven (92%) of the infusions were
administered via a peripheral iv. catheter, and the
majority of these (89%) were without complications.
Complications that occurred included multiple at-
tempts at i.v. catheter placement; pain, erythema, or
bruising at the catheter site; poor i.v. flow; or infiltra-
tion. Seven percent of infusions were administered via
an implanted port or central line, and the remaining
1% was administered subcutaneously because of in-
ability to obtain i.v. access.

Premedication was used by 48 (74%) patients before
IVIG administration based on a history of previous

Allergy and Asthma Proceedings

Table 1 Demographics and medical characteristics
of the 65 participants

Number (%),
Mean (Median;
Range)

Characteristic

Age (y1)
Total population mean
(median; range)
Pediatric population mean
(median; range)
Adult population mean
(median): range

33 (38; 2-75)
9 (9.5; 2-17)

51 (52; 24-75)

Sex
Female 35 (54)
Male 30 (46)
Race
White 61 (94)
African American 4 (6)
Diagnosis*
CVID 33 (51)
Selective antibody deficiency 20 (31)
IgG subclass deficiency 14 (22)
X-linked agammaglobulinemia 2(3)
Other 6(9)

Length of PID diagnosis (yr)
Mean (median; range) 3.9 (3; 0.25-16)
Time from PID diagnosis to IVIG initiation (yr)

Mean**; range 0.95; 0-9
Duration of IVIG therapy***
<3 months 3(5)
3-6 months 4 (6)
6-12 months 9 (14)
>12 months 48 (75)
Distribution of patients by location
Cleveland 22 (34)
Tacoma 18 (28)
Dallas 10 (15)
Lincoln 8 (12)
Omaha 7 (11)

*Discrepancy in values is caused by dual diagnosis in certain
patients.

**Median of <6 months.

***Data unavailable for one patient.

CVID = common wvariable immunodeficiency; PID = pri-
mary immunodeficiency.

reactions to infusions. The most commonly used med-
ications included antihistamines (29%), nonsteroidal
anti-inflammatory drugs (24%), acetaminophen (24%),
or corticosteroids (19%).

All infusion rates were below the maximum rate spec-
ified by the manufacturer (8 mg of IgG per kilogram per
minute; Micromedex Healthcare Series. Drugdex evalua-
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Figure 1. Intrainfusion adverse reactions. Solid bars represent
percentage of infusions affected. Lined bars represent percentage of

patients affected (n = 447 infusions).

tions. Immune globulin: www.thomsonhc.com/hcs/
librarian/ND_PR/Main/SBK/2/PFPUI/Zu4dN5G165-
pHXX/ND_PG/PRIH/CS/F696F7 /ND_T/HCS/ND_P/
Main/DUPLICATIONSHIELDSYNC/3A3976 /ND_B/
HCS/PFActionld /hcs.common.RetrieveDocument-
Common/Docld/0693/ContentSet 1d/31; December
22, 2005) with an average rate of infusion of 3.6 mg of
IgG per kilogram per minute).

Adverse Reactions

Seventy-five (17%) infusions were associated with
101 intrainfusion reactions (Fig. 1). The interventions
for these reactions included slowing the rate of six
infusions, discontinuation of two infusions, and symp-
tomatic therapy with medications (e.g., analgesics,
bronchodilators) or comfort measures (e.g., blankets,
heating pads) in the remainder of the infusions.

One hundred eighty-three (41%) infusions were as-
sociated with one or more postinfusion reactions, with
a total of 350 reactions occurring in 55 (85%) patients
(Table 2 and Fig. 2). The average number of postinfu-
sion reactions per infusion was 0.8. The median num-
ber of postinfusion reactions per infusion was zero
because >50% of infusions were not associated with
reactions. Data regarding the time of onset was avail-
able for 301 of these reactions, and although there were
no associations identified between the occurrence of
intrainfusion reactions and the subsequent develop-
ment of postinfusion reactions, 38 (13%) of the postin-
fusion reactions began during the infusions and, there-
fore, were categorized as both intra- and postinfusion
reactions.

Data regarding the onset of all postinfusion reactions
combined, plus the five most common, are detailed in
Fig. 3. Overall, 73% of postinfusion reactions started
within 24 hours of the infusion. Fewer reactions oc-
curred as time elapsed from the time of infusion for all
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Table 2 Postinfusion reactions

Reaction Type Number  Number
(o/o) Of (o/o) Of
Infusions  Subjects
Headache 95 (21.3) 25 (38.5)
Fatigue 67 (15.0)  25(38.5)
Nausea 38 (8.5) 17 (26.2)
Fever 29 (6.5) 15 (23.1)
Chills 24 (5.4) 13 (20.0)
Dyspnea or wheezing 14 (3.1) 8 (12.3)
Emesis 13 (2.9) 9 (13.8)
Light-headedness 13 (2.9) 8(12.3)
Infusion site erythema 11 (2.5) 5(7.7)
Diarrhea 8 (1.8) 4(6.2)
Arthralgias 7 (1.6) 6(9.2)
Myalgias 5(1.1) 4(6.2)
Diaphoresis 5(1.1) 4(6.2)
Irritability 5(1.1) 3 (4.6)
Abdominal pain or cramping 4 (0.9) 3 (4.6)
Chest tightness 3(0.7) 1(1.5)
Anorexia 2(0.4) 2(3.1)
Somnolence 2(0.4) 1(1.5)
Urticaria 1(0.2) 1(1.5)
Diarrhea 1(0.2) 1(1.5)
Rhinitis 1(0.2) 1(1.5)
Numbness of extremities 1(0.2) 1(1.5)
Memory difficulties 1(0.2) 1(1.5)
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Figure 2. Postinfusion adverse reactions. Solid bars represent per-
centage of infusions affected. Lined bars represent percentage of
patients affected. LH = lightheadedness; ISE = injection site ery-
thema (n = 447 infusions).

postinfusion reactions except for nausea and emesis
(data not shown) where there was a decrease in the
occurrence of reactions from 24 to 48 hours postinfu-
sion but no decrease in incidence after that time. Infu-
sion site erythema was the only reaction for which
there was no onset of reactions after the first 24 hours.
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Figure 3. Time of onset of postinfusion adverse reactions after
infusion (n = 270 reactions).

For reactions that occurred in <2% of infusions, there
were too few data points to obtain meaningful results.
Most postinfusion reactions were self-managed with
over-the-counter analgesics (72%) or antihistamines
(4%), and the remainder required prescription medica-
tions, such as PB2-agonists, corticosteroids, or analge-
sics. Data regarding the duration of adverse reactions
are available for 153 of the 183 infusions associated
with postinfusion reactions. The reactions resolved
within 24 hours (35%), 48 hours (41%), or >48 hours
(24%).

DISCUSSION

This study reveals that although only a small number
of IVIG infusions are complicated by an intrainfusion
reaction, nearly one-half of all infusions are associated
with a postinfusion reaction. A vast majority of pa-
tients experienced a postinfusion reaction at some
point during the 6-month study period. Of reactions
that began during the IVIG infusion, 38% (n = 38)
persisted after the infusion ended. It is notable that
58% of all adverse reactions had an onset after the
completion of the infusion (excluding those postinfu-
sion reactions for which the time of onset is unknown),
and only 12% were limited to the infusion period itself.
It is possible that the postinfusion reactions reported as
starting >48 hours after the end of an infusion may not
be truly associated with the infusion, but these are only
8% of the total, and removing them from the analysis
does not affect the large skewing toward postinfusion
reactions. In addition to having a late onset, most
postinfusion reactions were long-lived, lasting >24
hours after the discontinuation of the IVIG infusion.
These results indicate that not only are adverse reac-
tions to IVIG infusions common, but treating physi-
cians are unlikely to be aware of the majority of them,
which may make attempts at treatment or prevention
difficult.
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The previously reported frequency of intrainfusion
reactions in patients receiving IVIG for primary im-
mune deficiency has been inconsistent. Aghamoham-
madi et al.° recently reported a rate of 12%, whereas
Brennan et al.*® previously reported rates of <1%. The
relatively high rate of 17% found in this study may be
because a large number of our patients had already
experienced previous reactions, as evidenced by the
use of premedications in 74% of patients, which indi-
cates a predisposition to recurrence. This is consistent
with previous reports that patients who have one in-
trainfusion reaction are prone to recurrence.” Further-
more, patients who have had previous adverse reac-
tions to IVIG infusions may have an increased
awareness of these reactions and therefore may be
more likely to recognize and report them during future
infusions. In addition, patients with common variable
immunodeficiency have been shown to have higher
rates of intrainfusion reactions, and 50% of our study
population had this type of immunodeficiency.® It is
also important to note that patients with primary hu-
moral immunodeficiencies may be at higher risk for
the development of allergic disorders than the general
population; therefore, these patients may have a rela-
tively high baseline risk for the development of ad-
verse reactions during IVIG infusions.®’

In addition to factors intrinsic to the patients that
may have affected the findings of this study, it is
possible that selection bias may have existed that
skewed toward the recruitment of patients prone to
adverse reactions; although data to this effect was not
collected as part of this study, patients that had been
tolerating infusions may have been shifted from office-
to home-based infusions and therefore may not have
been recruited for the study. Also, the purpose of this
study was to quantify all adverse reactions, regardless
of severity or time of onset; therefore, it is possible that
reactions that were deemed too mild to be included in
previous studies may have been included in this study,
which would increase the reported rate of adverse
events. Although a single brand of IVIG was used in
this study to avoid the confounding effect of using
multiple different IVIG formulations, it is possible that
this formulation of IVIG was more likely to cause
adverse reactions than other brands, leading to the
increased incidence of observed adverse reactions. It
also is possible that the specific types of adverse reac-
tions seen with this formulation of IVIG occur at a
different frequency than with other IVIG formulations
because different IVIG formulations can have different
adverse event profiles.'’

The most common adverse reaction reported for both
intra- and postinfusion reactions was headache. Head-
aches associated with a high rate of infusion have been
previously reported,'' but the etiology of headaches
beginning after the infusion period is unclear. None-
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theless, the frequency of this problem indicates that
physicians should ascertain proactively whether their
patients are developing headaches in association with
their IVIG infusions. For patients with persistent or
severe postinfusion headaches, consideration should
be given to scheduled analgesia during and after infu-
sions, although this treatment should be approached
with caution because the effects of this therapy have
not been investigated. Prophylactic treatment also
should be considered for the large number of patients
experiencing postinfusion nausea. The optimal ap-
proach for the high incidence of postinfusion fatigue is
not apparent, but physicians and patients should be
aware of this effect and consider patient-specific ap-
proaches, such as scheduling infusions around partic-
ularly taxing patient schedules.

The incidence of postinfusion fevers and chills in
4-5% of infusions poses a diagnostic dilemma in pa-
tients who have primary immunodeficiency because
these can be presenting signs of infection. Patients with
these symptoms require prompt and thorough evalu-
ation to exclude infection, but physicians should be
aware of the possibility that they are caused by the
infusion. The mechanism behind the development of
fevers and chills in patients with primary immunode-
ficiency receiving IVIG is unknown, but an immune-
complex—mediated reaction is a likely possibility con-
sidering that circulating immune complexes are
identifiable in patients immediately after IVIG admin-
istration.'” Additional studies are required to deter-
mine the best approach to differentiating infection-
related and infusion-related symptoms.

This study reveals that adverse reactions to
Gamimune N brand IVIG infusions used as therapy for
primary immunodeficiency are quite common and
most often occur in the postinfusion period. Previous
reports underestimate the incidence of these adverse
reactions because they do not fully account for postin-
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fusion reactions. Physicians and patients must be
aware of adverse reactions to appropriately identify
them and intervene when they occur.

REFERENCES

1. Skull S, and Kemp A. Treatment of hypogammaglobulinaemia
with intravenous immunoglobulin. Arch Dis Child 74:527-530,
1996.

2. Gardulf A, Bjorvell H, Gustafson R, et al. The life situations of
patients with primary antibody deficiency untreated or treated
with subcutaneous gammaglobulin infusions. Clin Exp Immu-
nol 92:200-204, 1993. -

3. Hedderich U, Kratzsch G, Stephen W, et al. Immunoglobulin
substitution therapy in a patient with primary hypogamma-
globulinemia and anti-IgA antibodies. Clin Allergy 16:339-344,
1986,

4. Brennan VM, Cochrane S, Fletcher C, et al. Surveillance of
adverse reactions in patients self-infusing intravenous immu-
noglobulin at home. ] Clin Immunol 15:116-119, 1995.

5. Brennan VM, Salome-Bentley NJ, and Chapel HM. Prospective
audit of adverse reactions occurring in 459 primary antibody-
deficient patients receiving intravenous immunoglobulin. Clin
Exp Immunol 133:247-251, 2003. -

6. Aghamohammadi A, Farhoudi A, Nikzad M, et al. Adverse
reactions of prophylactic intravenous immunoglobulin infu-
sions in Iranian patients with primary immunodeficiency. Ann
Allergy Asthma Immunol 92:60-64, 2004. -

7. WHO Scientific Group. Primary immunodeficiency diseases.
Clin Exp Immunol 99(suppl):1-24, 1995.

8. Edwards E, Razvi S, and Cunningham-Rundles C. IgA defi-
ciency: Clinical correlates and responses to pneumococcal vac-
cine. Clin Immunol 111:93-97, 2004.

9. Hamilos DL, Young RM, Peter JB, et al. Hypogammaglobuline-
mia in asthmatic patients. Ann Allergy 68:472-481, 1992.

10. Ameratunga R, Sinclair J, and Kolbe J. Increased risk of adverse
events when changing intravenous immunoglobulin prepara-
tions. Clin Exp Immunol 136:111-113, 2004.

11. Wittstock M, Benecke R, and Zettl UK. Therapy with intrave-
nous immunoglobulins: Complications and side-effects. Eur
Neurol 50:172-175, 2003. T

12, Day NK, Good RA, and Wahn V. Adverse reactions in selected
patients following intravenous infusions of gamma globulin.
Am J Med 76:25-32, 1984. O

November-December 2006, Vol. 27, No. 6


http://www.ingentaconnect.com/content/external-references?article=0009-9104(1995)99L.1[aid=7448534]
http://www.ingentaconnect.com/content/external-references?article=0009-9104(1993)92L.200[aid=1816707]
http://www.ingentaconnect.com/content/external-references?article=0009-9104(1993)92L.200[aid=1816707]
http://www.ingentaconnect.com/content/external-references?article=0003-9888(1996)74L.527[aid=7559148]
http://www.ingentaconnect.com/content/external-references?article=0003-9888(1996)74L.527[aid=7559148]
http://www.ingentaconnect.com/content/external-references?article=0009-9090(1986)16L.339[aid=7559147]
http://www.ingentaconnect.com/content/external-references?article=0009-9090(1986)16L.339[aid=7559147]
http://www.ingentaconnect.com/content/external-references?article=0271-9142(1995)15L.116[aid=7559146]
http://www.ingentaconnect.com/content/external-references?article=0009-9104(2003)133L.247[aid=7523522]
http://www.ingentaconnect.com/content/external-references?article=0009-9104(2003)133L.247[aid=7523522]
http://www.ingentaconnect.com/content/external-references?article=1081-1206(2004)92L.60[aid=7559145]
http://www.ingentaconnect.com/content/external-references?article=1081-1206(2004)92L.60[aid=7559145]
http://www.ingentaconnect.com/content/external-references?article=0003-4738(1992)68L.472[aid=2331601]
http://www.ingentaconnect.com/content/external-references?article=0009-9104(2004)136L.111[aid=7444013]
http://www.ingentaconnect.com/content/external-references?article=0014-3022(2003)50L.172[aid=6950881]
http://www.ingentaconnect.com/content/external-references?article=0014-3022(2003)50L.172[aid=6950881]

