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Abstract

Background and objective: Intravenous immunoglobulin (IVIg) is a solution of globulins containing antibodies
derived from pooled human plasma of donors and used in the treatment of a number of immune deficiencies and
autoimmune diseases. However, several investigators have reported biochemical alterations with use of IVIg.
The objective of this study was to evaluate the effects of IVIg therapy on selected biochemical and hematologic
parameters in patients with autoimmune mucocutaneous blistering diseases (AMBDs).
Methods: In this preliminary clinical study, ten patients with AMBDs (seven with pemphigus vulgaris and three
with mucous membrane pemphigoid) received 133 cycles of IVIg for a total of 399 infusions. We evaluated the
effects of IVIg therapy on serum hemoglobin (Hb), albumin, and electrolyte levels, including sodium (Na+),
potassium (K+), chloride (Cl–) and calcium (Ca2+). Values of these parameters were measured 24 hours before,
during, and 24 hours and 4 weeks after the 3-day infusion period.
Results: The observed variations in serum electrolyte levels were physiologically and clinically negligible.
Furthermore, 24 hours after the last infusion, mean electrolyte values had spontaneously returned to normal
levels without the need for additional supplementation: Na+ 137.59 ± 1.42 mmol/L (p = 0.6091 vs baseline); K+
3.97 ± 0.5 mmol/L (p = 0.2689); Cl– 103.4 ± 2.69 mmol/L (p = 0.0388); and Ca2+ 9.07 ± 0.44 mg/dL (p =
0.5332). Conversely, significant variations in mean Hb and albumin levels were observed. When measured 24
hours after the last infusion, mild/moderate decreases in Hb (11.62 ± 2.12 g/dL; p = 0.009 vs baseline) and/or
albumin (mean 3.14 ± 0.24 g/dL; p = 0.0016 vs baseline) were evident. Such changes may, albeit very rarely, be
of sufficient clinical significance in individual patients as to necessitate additional treatment.
Conclusion: In patients receiving intravenous IVIg for AMBDs, electrolyte values should be monitored but do
not represent a real clinical threat. Hemoglobin and albumin values may be altered sufficiently to require
additional treatment but this is a very rare occurrence. These findings confirm and extend previous reports of the
safety of IVIg therapy.

Intravenous immunoglobulin (IVIg) therapy is a safe and effective treatment for several autoimmune and inflammatory diseases,
such as idiopathic thrombocytopenic purpura or Kawasaki syndrome.[1] Over the last decade, this therapy has even been used
carefully in patients with autoimmune mucocutaneous blistering
diseases (AMBDs)[2-6] such as pemphigus vulgaris,[7-9] pemphigus

foliaceus,[10] mucous membrane pemphigoid,[11] bullous pemphigoid,[12] and epidermolysis bullosa acquisita.[13] All these disorders
belong to a heterogeneous, rare, and systemic group of intraepithelial (pemphigus vulgaris, pemphigus foliaceus) or sub-epithelial (mucous membrane pemphigoid, bullous pemphigoid,
epidermolysis bullosa acquisita) bullous inflammatory diseases
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that affect skin and mucous membranes with stratified squamous
epithelia and sometimes may lead to serious and potentially fatal
consequences.[14,15] These disorders are triggered by an aberrant
immune response that is based on a 2-fold effect: autoreactive B
and T cells, and direct and indirect autoantibodies against specific
proteins mediating cell-cell (cadherins, specifically desmoglein 1
and 3) and cell-matrix (basement membrane zone proteins) adhesion in the skin and mucosae, leading to an inflammatory cascade
and then to blister formation.[16-18] Although conventional therapy
in these cases has always included several different immunosuppressant agents, some patients do not respond to these drugs or
experience serious adverse effects, which is why alternative treatments such as plasmapheresis, extracorporeal photopheresis, immunoabsorption techniques, and high-dose IVIgs have been recommended.[7,12,19]
IVIg represents one of the alternative therapies used in the
management of patients affected by severe AMBDs who are
refractory to conventional immunosuppressive therapy.[3,14] IVIg
is made up of a highly purified IgG fraction that is extracted from
pooled human plasma collected from thousands of healthy donors
and consists mostly of intact IgG molecules, with traces of IgA and
IgM, and some cytokines and other immunomodulators found in
serum (soluble CD4, CD8, HLA molecules, and transforming
growth factor-β).[20]
Although its exact mechanism of action is still largely unknown, some investigations have shown that IVIg is able to
perform several different immunomodulatory actions due to three
different separate components of immunoglobulin. The first of
these is the antigen-binding fragment F(ab’)2, which has antiproliferative effects, modulates apoptosis and cell cycles, has effects
on cell adhesion, and modifies cytokine levels. The second component is the constant fragment Fc, which (i) inhibits phagocytosis
and antibody-dependent cell-mediated cytotoxicity production and
recycling through the FcRn receptor; and (ii) blocks access of
immune complexes to FcRn IgG monomers, which are in turn
involved in the pathogenesis and inflammatory effects of AMBDs.
Thirdly, complement-Fc binding is involved in inhibition of deposition of activated complement.[21-23]
Specifically, in pemphigus vulgaris, IVIg is able to prevent
blister formation by preventing IgG autoantibodies from binding
to desmoglein 1 and 3,[24] thus reducing pemphigus vulgarisrelated IgG-mediated acantholysis and cell death and upregulating
endogenous caspase and calpain inhibitors.[25] Moreover, the effects of IVIg very much resemble those of plasmapheresis, which
causes a selective and very rapid decline in circulating autoantibodies in the serum by accelerating the catabolism of all serum
antibodies.[26] This results in a decrease in abnormal antibodies
© 2007 Adis Data Information BV. All rights reserved.
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(IgG-pemphigus vulgaris) only, since normal antibodies are replaced by those present in the immunoglobulin preparation.[27]
Use of IVIg is associated with two major advantages: selective
clearance of pathogenetic autoantibodies and the safety of the
treatment procedures used.[2,28] However, it is also associated with
a variety of mild, moderate, and severe adverse effects, with an
incidence ranging from 1% to 42%.[29] Among these adverse
effects, low-grade fever, headache, nausea, myalgia, and chills are
particularly common, while arthralgias, flushing, abdominal
cramps, and leukopenia have been less frequently described.[30,31]
In addition, different investigators have also reported alterations in
biochemical profiles, such as hypoalbuminemia,[29,32] an imbalance in serum sodium concentration leading to a true or pseudohyponatremia,[29,31,33-35] erythrocyte sequestration[36,37] and last, but
no less importantly, an increased viscosity with consequent venous and arterial thromboembolic events in patients with high-risk
factors, such as impaired circulation, underlying atherosclerotic
diseases, bedridden status, advanced age, and obesity.[31,35,38,39]
To our knowledge, this preliminary clinical study is the first
investigation aimed at evaluating the possible effects of IVIg
therapy on serum sodium (Na+), potassium (K+), chloride (Cl–),
calcium (Ca2+), hemoglobin (Hb), and albumin concentrations in
patients with AMBDs. The study was conducted to provide all
clinicians with further information on the management of patients
who require IVIg treatment and to show that IVIg is a safe
treatment, not only for ‘on-label’ diseases but also for ‘off-label’
diseases such as AMBDs.
Materials and Methods
Patients and Samples

The general model of our investigation was a preliminary
clinical study. The sample of patients enrolled in this study,
between November 2004 and October 2006, was obtained from
the Division of Oral Medicine, Department of Odontostomatological and Maxillofacial Sciences, School of Medicine and Surgery,
University of Naples ‘Federico II’, Naples, Italy. Conduct of the
study was approved by the local ethics committee.
From 82 patients with AMBDs, we selected ten patients according to precise diagnostic, inclusion, and exclusion criteria.
The criteria for diagnosis of AMBDs were (i) collection of a
histopathologic specimen from the oral mucosa biopsy of the
intact blister (presence of intra- or sub-epithelia bulla); (ii) direct
immunofluorescence to detect the presence of IgG and complement C3 localized at the basement membrane zone or in the
intercellular cement substance (fresh tissue was the preferred
substrate for this study); and (iii) indirect immunofluorescence
Am J Clin Dermatol 2007; 8 (5)

IVIg Therapy and Changes in Biochemical Profiles

293

Table I. Patient characteristics
Patient Age
(y)

Sex

Bullous
disease

Underlying diseases

Hb values
(g/dL)
before IVIg

Weight
(kg)

Total
dosage
(g/cycle)

No. of
cycles

Corticosteroids
(mg/wk)

Azathioprine
(mg/wk)

1

37

M

PV

Lithiasis

12.35

67.5

135

22

45

100

2

29

F

PV

Anemia

10.1

60

120

21

50

None

3

77

F

PV

Heart failure,
12.61
osteoporosis, diabetes
mellitus

60

120

19

30

250

4

42

F

PV

Lithiasis, anemia

60

120

9

45

150

5

65

F

MMP

Hypertension,
11.71
gallstones, duodenitis,
nephritis, anemia,
diabetes

82.5

165

15

12

250

6

57

M

PV

Hypertension, renal
cyst

75

150

9

15

50

7

57

M

MMP

Lithiasis, hypertension, 12.2
psychosis

75

150

10

50

250

8

66

F

PV

Gallstones,
osteoporosis

13.2

60

120

9

60

150

9

23

F

PV

None

14.32

60

120

9

60

None

10

76

F

MMP

Hypertension, atrial
fibrillation,
osteoporosis,
atherosclerosis

12.4

67.5

135

10

50

250

11

16.03

Hb = hemoglobin; IVIg = intravenous immunoglobulin; MMP = mucous membrane pemphigoid; PV = pemphigus vulgaris.

using the patient’s serum to assess anti-basement membrane zone
or anti-intercellular cement substance antibody serum titer (monkey esophagus was the preferred substrate for indirect immunofluorescence).
The inclusion criteria were (i) patients aged between 18 and 90
years (both sexes, all races) with a diagnosed AMBD; (ii) presence
of active bullous and erosive lesions on the skin and/or mucosae;
(iii) lack of any remarkable (≥75% of disease) remission with
conventional immunosuppressive therapy consisting of high-dose
corticosteroids (deflazacort 120 mg/day) and azathioprine (150
mg/day) [duration of therapy 4–72 months]; (iv) development of
considerable (requiring medical treatment) adverse effects with
previous conventional immunosuppressive therapy; and (v) eligibility for receiving an IVIg preparation at a total dosage of 2g/kg/
cycle given over 3 consecutive days (table I).
The exclusion criteria were (i) absence of AMBD; (ii) concomitant severe systemic disease, such as solid and/or non-solid neoplasm; viral, bacterial or fungal infections; myopathies; gastrointestinal disorders; and coagulation disorders; patients with severe
kidney, liver, or heart disease, severe anaemia, osteoporosis or
diabetes mellitus were also excluded from the study in order to
avoid variations in serum electrolytes, albumin and hemoglobin
© 2007 Adis Data Information BV. All rights reserved.

related to such pathologies and to determine whether IVIg alone
was having an effect on these parameters. Severe disease was
defined as a disease that, despite medical treatment, was not kept
under control; (iii) presence of other autoimmune pathologies,
such as systemic lupus erythematosus, Sjögren syndrome, and
systemic sclerosis with cutaneous and/or mucosal lesions and/or
systemic manifestations, such as lichenoid lesions, granulomatous
lesions, glomerulonephritis, endocarditis, pleuritis, myalgia, abdominal pain, diarrhea, and constipation; (iv) transplant recipients
who had been treated with radio- or chemotherapy; (v) patients
already receiving potential inducers of bullous diseases, such as
antibacterials, analgesics, sulfhydryl-containing drugs, ACE inhibitors, β-adrenoceptor antagonists, interferon-β, and interleukin2; (vi) pregnant or breastfeeding women; and (vii) drug addiction
or alcoholism. Patients who developed any of these conditions
during treatment were automatically excluded from the study.
The ten patients classified as non-responders to conventional
immunosuppressive therapy consisted of three men and seven
women who ranged from 23 to 77 years of age (mean 52.9 years).
Seven patients had pemphigus vulgaris and three patients had
mucous membrane pemphigoid.
Am J Clin Dermatol 2007; 8 (5)
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Operative Phase

All enrolled patients received IVIg therapy for a total number
of 133 cycles (table I), with the optimal dose, frequency, and
duration of IVIg therapy being based on the Consensus Statement
on use of IVIg therapy for the treatment of AMBDs.[3] During the
IVIg maintenance phase (see later in this paragraph), all patients
also received, as adjuvant therapy, a low dose of corticosteroids
(deflazacort 12–60mg per week) and most patients also received
an immunosuppressive agent (azathioprine 50–250mg per week)
[table I]. All patients also received adequate hydration and
premedication with acetaminophen (paracetamol) 500mg,
chlorpheniramine (chlorphenamine) 20mg, and methylprednisolone 40mg 30 minutes before each infusion. Human immunoglobulin 5% solution was infused intravenously via an electronic pumping device (Optima® 1 MS) at a total dosage of 2 g/kg/
cycle given over 3 consecutive days (table I). The infusion was
administered slowly at ≤50 mg/kg/hour. Vital signs were monitored during the infusion. The total number of cycles of IVIg given
per patient ranged from 9 to 22 (mean 13.3). These infusions were
administered initially at an interval of 3 or 4 weeks between each
cycle until complete clinical remission had been obtained with
absence of new lesions. Thereafter, the intervals between infusions
were slowly increased to 6, 8, 10, 12, 14, and 16 weeks (defined as
the ‘maintenance therapy period’). The IVIg endpoint of therapy
was defined as that time at which patients were disease free for a
16-week interval. During this period the number of recurrences
ranged from one to three, while the number of relapses ranged
from one to six. Currently, in Italy, only eight different pharmaceutical preparations are marketed and we were able to use only
three of these (Flebogamma®, Ig Vena N IV®, Endobulin®)
because they were the only preparations available in our institution. The decision to give a patient one particular IVIg preparation
rather than another depended upon the availability of IVIg preparations at our centralized pharmacy at that time.
We carefully evaluated the coagulation profile of all patients
and introduced preventive measures to reduce the risk of
thromboembolic events. This included aspirin (acetylsalicylic acid) therapy (six patients), as suggested by Katz and Shoenfeld,[38]
and subcutaneous calcium heparin (two patients receiving
polytherapy for multiple co-morbidities).
We also monitored, through blood tests, all patients’ serum Hb,
albumin, Na+, K+, Cl– and Ca2+ levels 24 hours before, 24 hours
after, 4 weeks after, and during the 3 days of each treatment cycle.
1

Statistical Evaluation

The arithmetic mean of the age of patients and of all variable
values were calculated using the Σ test by Microsoft® Excel. We
also calculated the standard deviation of all variables and compared values during the 3 infusion days (first, second, and third
day) and at 24 hours and 4 weeks after IVIg with pretreatment
values (24 hours before IVIg) using the two-tailed paired t-test and
NCSS, PASS and GESS 2006 statistical and data analysis
software. A p-value of <0.01 after the Bonferroni adjustment was
considered significant.
Results
Of the ten patients evaluated in the study, five had cardiovascular diseases (e.g. hypertension and/or atherosclerosis) before starting IVIg treatment, four had renal diseases (e.g. lithiasis, nephritis,
or renal cyst), three had anemia, and three had osteoporosis (table
I). Despite these concomitant disorders, all patients completed all
cycles.
Mean serum Na+ levels did not show any significant increase or
decrease during the 3 days of therapy, 24 hours after infusion
(137.59 ± 1.42 mmol/L; p = 0.6091 vs level 24 hours before
infusion), or 4 weeks later (138.7 ± 1.93 mmol/L; p = 0.0679 vs
level 24 hours before infusion) [table II]. Similarly, mean serum
Cl– levels were shown to be stable, with levels of 100.32 ± 1.51
mmol/L 24 hours before infusion and 102.47 ± 2.46 mmol/L 4
weeks after treatment (p = 0.061). However, measurement of mean
serum K+ levels revealed a small possibility of development of
very mild hypokalemia, but only on the third day of therapy (3.95
± 0.58 mmol/L; p = 0.1766 vs level 24 hours before infusion) and
24 hours after the end of therapy (3.97 ± 0.5 mmol/L; p = 0.2689
vs level 24 hours before infusion). Mean serum Ca2+ levels also
suggested the possibility of a very mild hypocalcemia, with levels
decreasing from 9.14 ± 0.25 mg/dL 24 hours before infusion to
9.07 ± 0.44 mg/dL 24 hours after the end of therapy (p = 0.5332).
Four weeks after ending IVIg, mean K+ and Ca2+ levels showed
statistically significant but clinically insignificant variations (table
II).
Conversely, statistically and clinically significant changes were
seen in mean Hb levels. Taking into account the standard deviation
values, these decreased from 12.58 ± 1.76 g/dL 24 hours before
infusion to 12.16 ± 2.02 g/dL during the first day of therapy (p =
0.115). On the second day of treatment, mean serum Hb decreased
to 11.68 ± 1.96 g/dL (p = 0.007 vs level 24 hours before infusion),
and decreased further to 11.62 ± 2.12 g/dL 24 hours after treatment
(p = 0.009 vs level 24 hours before infusion). However, this

The use of trade names is for product identification purposes only and does not imply endorsement.
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9.08, 9.87
<0.001d
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Physiologic ranges: Na+ 135–148 mmol/L; K+ 3.5–5.3 mmol/L; Cl– 97–112 mmol/L; Ca2+ 8.9–10.3 mg/dL.

Compared with levels 24h before therapy.

Indicates the value is below the physiologic range or could be below the range when the standard deviation is taken into account.

Statistically significant (Bonferroni adjustment, α = 0.01).

a

b

c

d

99.02, 105.92 9.47
(± 0.28)
0.061
3.67, 4.39
136.91,
140.49
138.7
(± 1.93)
4wk after

0.0679

4.03
(± 0.38)

0.0032d

102.47
(± 2.46)

8.65, 9.48
0.5332
100.93, 105.92 9.07
(± 0.44)c
0.0388
103.4
(± 2.69)
3.5, 4.44
0.2689
136.26,
138.91
137.59
(± 1.42)
24h after

0.6091

3.97
(± 0.5)c

8.53, 9.41
0.2179
102.25, 105.8
137.41,
138,34
137.88
(± 0.5)
3rd day

0.4595

3.95
(± 0.58)c

0.1766

3.41, 4.48

104.03
(± 1.91)

0.0054d

9.0
(± 0.47)c

8.84, 9.56
0.4417
9.2
(± 0.4)c
102.68, 106.6
0.0049d
3.61, 4.19
0.1452
135.84,
140.82
138.33
(± 2.69)
2nd day

0.1896

3.9
(± 0.31)

0.1607
137.22,
140.6
138.91
(± 1.82)

0.0019d

3.96
(± 0.44)
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1st day

3.77
(± 0.37)c
135.42,
139.15
24h before 137.29
(± 2.01)

104.64
(± 2.11)

102.44, 105.05 9.21
(± 0.5)c
0.0047d
103.75
(± 1.41)

100.32
(± 1.51)
3.43, 4.11

3.55, 4.37

98.92, 101.71 9.14
(± 0.25)c

0.5830

8.75, 9.67

8.9, 9.36

95% CI
p-Valueb
Ca2+
(mg/dL)
95% CI
p-Valueb
Cl–
(mmol/L)
95% CI
p-Valueb
K+
(mmol/L)
95% CI
p-Valueb
Na+
(mmol/L)
Phase of
IVIg
therapy

Table II. Arithmetic means, standard deviations and probability levels (p-values) of variations in serum sodium (Na+), potassium (K+), chloride (Cl–), and calcium (Ca2+) levels
before, during, and after 133 cycles of intravenous immunoglobulin (IVIg) therapy in 10 patients with autoimmune mucocutaneous blistering diseasesa

IVIg Therapy and Changes in Biochemical Profiles

represented only a mild decrease from baseline values and the
levels may still have been within the physiological range when the
standard deviation values were taken into account.
Mean serum albumin concentrations were lower than the physiological range from the first day of therapy (3.32 ± 0.31 g/dL; p <
0.001 vs level 24 hours before infusion), reached their lowest
value on the second day of therapy (3.09 ± 0.28 g/dL; p < 0.001 vs
level 24 hours before infusion ) and increased slightly 24 hours
after treatment (3.14 ± 0.24 g/dL; p = 0.0016 vs level 24 hours
before infusion). However, it is important to note that both Hb and
albumin levels spontaneously returned to normal within 4 weeks
of discontinuation of IVIg (table III).
No adverse effects occurred during IVIg therapy and no patient
developed an electrolyte imbalance of sufficient severity as to
require additional treatment. Blood transfusions and/or human
albumin infusions were required on very few occasions (two blood
transfusions in one patient and eight albumin infusions in four
patients) and only within 24 hours after the last IVIg infusion.
Three patients reached pathological Hb levels (<12 g/dL) after
IVIg infusions: patient 2 (8.55 g/dL), patient 4 (10.97 g/dL), and
patient 7 (10.37 g/dL). However, only one patient (patient 2: 21
cycles) occasionally reached a Hb concentration <8.0 g/dL. Four
patients (patient 1: 22 cycles, patient 2: 21 cycles, patient 3: 19
cycles, patient 5: 15 cycles) reached an albumin concentration
<1.8 g/dL.
No statistically or clinically significant differences in post-IVIg
Hb and albumin levels were detected among patients receiving
IVIg preparations manufactured by different companies or in
patients with previous anemia (patients 2, 4, 5) compared with
those with a normal pre-IVIg treatment Hb level.
In addition, we calculated the arithmetic mean haematocrit
(Hct) level (physiologic range: male = 37–54%; female =
35–48%) across all cycles for each patient. Of ten patients, six had
a normal Hct percentage level, while four showed a decrease of
Hct 24 hours after the end of IVIg therapy. The respective preIVIg and 24-hour post-IVIg Hct values for these patients were as
follows: patient 4 –35.6% and 30.5%; patient 7 –42% and 33.6%;
patient 2 –31% and 27.9%; and patient 8 –33.7% and 31%).
Notably, two of these four patients commenced IVIg therapy with
an already low Hct level.
Discussion
In this preliminary clinical study, we analyzed variations in
serum electrolyte, Hb and albumin levels in ten patients with
AMBDs who, over the past 2 years, had received 133 cycles of
IVIg (for a total of 399 infusions). Our aim was to better understand the possible clinical consequences of such changes, particuAm J Clin Dermatol 2007; 8 (5)

296

Mignogna et al.

Table III. Arithmetic means, standard deviations and probability levels (p-values) of variations in serum hemoglobin (Hb) and albumin levels before, during
and after 133 cycles of intravenous immunoglobulin (IVIg) therapy in 10 patients with autoimmune mucocutaneous blistering diseasesa
Phase of IVIg therapy

Hb (g/dL)

p-Valueb

1.76)c

24h before

12.58 (±

1st day

12.16 (± 2.02)c
1.96)c

2nd day

11.68 (±

3rd day

11.64 (± 2.12)c
2.12)c

24h after

11.62 (±

4wk after

13 (± 1.6)c

0.115

95% CI

Albumin (g/dL)

p-Valueb

0.28)c

95% CI

10.95, 14.21

3.68 (±

10.29, 14.02

3.32 (± 0.31)c

<0.001d

3.42, 3.94
3.03, 3.61

0.28)c

<0.001d

2.82, 3.34
2.87, 3.37

0.007d

9.86, 13.5

3.09 (±

0.011

9.68, 13.6

3.12 (± 0.26)c

<0.001d

0.24)c

0.0016d

2.91, 3.37

0.4243

3.42, 4.16

0.009d
0.26

9.66, 13.58
10.74, 15.2

3.14 (±

3.8 (± 0.26)

a

Physiologic ranges: Hb 12–16 g/dL; albumin 3.5–5.2 g/dL.

b

Compared with levels 24h before therapy.

c

Indicates the value is below the physiologic range or could be below the range when the standard deviation is taken into account.

d

Statistically significant (Bonferroni adjustment, α = 0.01).

larly with respect to the transience and severity of these changes,
and whether any life-threatening situations developed.
Since no data in this area were available in the literature, we did
not know if different methods of industrial preparation or purification of IVIg preparations, or different excipients contained in these
products, may have influenced the observed changes. We did
know that differences among various IVIg commercial preparations have been described in the literature, but how these differences would impact on safety, tolerability, or efficacy had not been
well defined as there have been few comparative studies,[40] and,
likewise, how these different preparations may have differentially
affected serum electrolyte, Hb or albumin levels was not known.
Therefore, we gave each patient receiving a particular IVIg preparation the same amount of that preparation in an attempt to
eliminate, or at least reduce, the possibility that use of a specific
preparation may have biased the observed effects on serum electrolyte, albumin and Hb concentrations.
We also documented patients’ use of immunosuppressive therapy over previous months, prior to commencement of IVIg therapy, and all patients had normal serum electrolyte, Hb and albumin
levels at commencement of IVIg therapy. Given that commonly
used corticosteroids are able to modulate serum electrolyte balance[41] and that an immunosuppressant such as azathioprine can
influence Hb values,[42] this observation confirms our finding that
IVIg, except in very rare cases of underlying predisposing conditions, does not change serum electrolyte or Hb levels; if this was
the case, a ‘summation effect’ on such levels would have been
observed.
One of the most important adverse effects of IVIg treatment
reported in the international literature is the possibility that patients receiving this therapy can develop severe hyponatremia[34]
or pseudohyponatremia.[33] The risk of morbidity and mortality
following development of hyponatraemia is increased in patients
© 2007 Adis Data Information BV. All rights reserved.

with concomitant congestive heart failure.[43] Pseudohyponatremia
increases risk of acute renal failure but only in patients with preexisting renal insufficiency.[33] Two cases of dilutional (hypertonic) hyponatremia have been reported in patients treated with an
IVIg preparation, with the mechanism of action in such cases
having been ascribed to accumulation of the sucrose carrier in the
preparation and subsequent drawing of water from the intracellular
to the extracellular compartment.[34] However, other investigators
have characterized the same phenomenon as a pseudohyponatremia resulting from increases in serum protein (hyperproteinemia) and lipids (hyperlipidemia) with a subsequent decrease in plasma water volume and Na+ concentration.[35] Moreover, pseudohyponatremia would increase plasma viscosity with a
consequent increased risk of thromboembolic events. Although we
believe that these previous studies are inconclusive because they
included only small patient samples, they nevertheless indicate
that such thromboembolic events occur only in patients with
underlying risk factors, such as advanced age, pre-existing severe
renal or cardiovascular disease, severe hyperlipidemia, or bedridden status.[35,38,39]
Our findings are consistent with the results of the abovementioned studies.[35,38,39] None of the patients in our study developed severe hyponatremia or pseudohyponatremia. Indeed, as
shown in table II, no significant variations in serum Na+ or Cl–
levels were seen during IVIg therapy and, therefore, no predictors
of hyper/hyponatremia or hyper/hypochloremia were identified.
Conversely, a statistically significant (p = 0.0032) variation in
serum K+ level was observed 4 weeks after completion of IVIg
therapy but, again, this was not predictive of hyper/hypokalemia
(mean serum K+ level at this time point was 4.03 ± 0.38 mmol/L).
Indeed, only one of the ten patients in the study exhibited persistent but very mild hypokalemia before, during and after IVIg
therapy and this patient did not require supplementation because
Am J Clin Dermatol 2007; 8 (5)
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his serum K+ level was never <2.7 mmol/L (and therefore low
enough to engender fear of grave complications). Mean serum
Ca2+ levels exhibited mild fluctuations on the third day of therapy
(9.0 ± 0.47 mg/dL; p = 0.2179 vs pre-IVIg value) and 24 hours
after the last infusion (9.07 ± 0.44 mg/dL; p = 0.5332 vs pre-IVIg
value). There was also a statistically significant variation in mean
serum Ca2+ level 4 weeks after completion of IVIg therapy (9.47 ±
0.28 mg/dL; p < 0.001 vs pre-IVIg value) but this was clinically
negligible (table II). We do not know whether these variations in
serum calcium levels were related to IVIg therapy; in fact, we
strongly believe that these fluctuations could have been related to
adjuvant use of corticosteroid therapy and specific patient characteristics (e.g. three elderly women had osteoporosis).
The variations in serum Hb and albumin levels observed in this
study showed that these parameters were more sensitive to IVIg
than serum electrolytes. Indeed, IVIg contains erythrocyte-specific isoantibodies against A and B blood antigens, and two previous
studies have noted that IVIg therapy may cause enhanced erythrocyte sequestration.[36,37] This occurs because immune complexlike moieties activate the complement C3b fraction and bind to
erythrocyte complement receptor-1, thereby functioning as opsonins and inducing erythrophagocytosis, particularly in young patients.[36,37] Our investigation supports the findings of these two
studies by showing that there is a mild decrease in Hb concentration with IVIg therapy, starting on the first day of therapy (mean
serum Hb 12.16 ± 2.02 g/dL; p = 0.115 vs pre-IVIg value) and
continuing until 24 hours after the last infusion (11.62 ± 2.12 g/dL;
p < 0.009 vs pre-IVIg value) [table III]. This may be associated
with a mild or moderate hemolysis with consequent anemia in
patients with an underlying predisposing condition of low Hb level
or high erythrocyte sequestration.[37] In fact, only one of our
patients needed two blood transfusions because her serum Hb
reached <8 g/dL and this patient had a pre-existing low Hb level.
Serum albumin levels also displayed this type of variation (and
perhaps to a slightly greater extent) in our study. There was a
progressive decrease in mean albumin level from the first day of
therapy (3.32 ± 0.31 g/dL; p < 0.001 vs pre-IVIg value) to 24 hours
after the last infusion (3.14 ± 0.24 g/dL; p = 0.0016 vs pre-IVIg
value) [table III]. Thus, albumin levels may vary during IVIg
therapy. Indeed, in our study, serum albumin decreased to <1.8 g/
dL in four patients, who required supplementation with human
albumin infusions. This confirms the outcomes of two previous
observations[29,32] which emphasized the critical role of albumin in
patients receiving IVIg therapy, although the reason for the reduction in albumin during IVIg therapy remains unknown. These
investigators hypothesized that the observed effect could be due to
the increase in immunoglobulin concentration, which would consequently increase systemic protein levels and create an oncotic
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pressure imbalance that could result in peripheral edema. Conversely, other investigators have shown that this reduction might
be due to inhibition of FcRn, which binds not only IgG but also
albumin, protecting both from degradation and extending their
lifespan.[21,44-46] Thus, saturation of FcRn might enhance both
endogenous IgG and albumin catabolism.[21,44-46] We believe that
both are very probable mechanisms. In addition, we believe a
potential dilutional effect of IVIg might play an important role in
triggering these clinical relevant events, since two of the ten
patients in our study displayed a relevant decrease in Hct, although
all other hemodilution parameters (e.g. serum electrolytes, complete blood count, and urine specific gravity) were normal before,
during, and after IVIg therapy.
It would be very useful to establish objective criteria for evaluating who is susceptible to changes in Hb or albumin, but this is
difficult. We suggest that patients may be at greater risk of
developing decreases in serum Hb and/or albumin levels if they
present with one of the following underlying conditions prior to
starting IVIg therapy:
1. Malnutrition. In such cases, a diet rich in protein would be
recommended.
2. Pre-existing low levels of albumin. This could be due to
defective synthesis of albumin secondary to systemic diseases,
such as cirrhosis of the liver, or to extravascular protein loss
resulting from, for example, the nephrotic syndrome, proteinlosing enteropathy, lymphatic blockage or mucosal disease, congestive heart failure, or acute or chronic inflammation.
3. Pre-existing low levels of hemoglobin. Possible causes include
previous chronic anemia due to decreased red cell production,
increased red cell destruction (hemolysis) and blood loss.
4. Pre-existing hemodilution.
Conclusion
We conclude from our study that although serum electrolyte
values must be meticulously monitored in patients receiving IVIg
therapy, changes in these parameters do not represent a real
clinical threat. Patients in our study did not experience any symptoms as a result of changes in serum electrolyte levels because the
observed fluctuations were transient and physiologic, and disappeared within 24–48 hours of the end of treatment. Furthermore,
the variations in electrolyte levels had no consequences in terms of
treatment. With respect to serum Hb and albumin levels, it is
understood that in patients treated with IVIg, changes in these
parameters may reach critical values below the physiologic range
necessitating infusion of blood or human albumin. However, our
study showed that these events are very rare, are observed only
within the 24-hour period following the last infusion and occur
Am J Clin Dermatol 2007; 8 (5)
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only in patients with a pre-existing low concentration of Hb or
albumin before commencement of IVIg therapy. Furthermore,
short-term follow-up performed 4 weeks after the end of the IVIg
cycle revealed no statistically significant changes in serum Hb or
albumin requiring additional therapy (table III).
In conclusion, we suggest that patients taking IVIg therapy very
rarely develop severe pathologic conditions that require intervention as a result of disturbances in serum electrolyte, Hb, or albumin
levels. Thus, our results reinforce and extend the notion that IVIg
is a safe therapy, as has been reported by previous authors.[47-49]
Our interesting findings should be confirmed in a larger case series
or, if possible, in randomized controlled trials.
Acknowledgments
No sources of funding were used to assist in the preparation of this study.
The authors have no conflicts of interest that are directly relevant to the
content of this study.

References
1. Ballow M. Clinical and investigational considerations for the use of IGIV therapy.
Am J Health Syst Pharm 2005; 62 (16 Suppl. 3): S12-8; quiz S19-21
2. Ahmed AR. Use of intravenous immunoglobulin therapy in autoimmune blistering
diseases. Int Immunopharmacol 2006; 6: 557-78
3. Ahmed AR, Dahl MV, for the Consensus Development Group. Consensus statement on the use of intravenous immunoglobulin therapy in the treatment of
autoimmune mucocutaneous blistering diseases. Arch Dermatol 2003; 139:
1051-9
4. Rutter A, Luger TA. Intravenous immunoglobulin: an emerging treatment for
immune-mediated skin diseases. Curr Opin Investig Drugs 2002; 3: 713-9
5. Jolles S. A review of high-dose intravenous immunoglobulin (hdIVIg) in the
treatment of the autoimmune blistering disorders. Clin Exp Dermatol 2001; 26:
127-31
6. Harman KE, Black MM. High-dose intravenous immune globulin for the treatment
of autoimmune blistering diseases: an evaluation of its use in 14 cases. Br J
Dermatol 1999; 140: 865-74
7. Ahmed AR. Intravenous immunoglobulin therapy for patients with pemphigus
vulgaris unresponsive to conventional immunosuppressive treatment. J Am
Acad Dermatol 2001; 45: 679-90
8. Baum S, Scope A, Barzilai A, et al. The role of IVIg treatment in severe pemphigus
vulgaris. J Eur Acad Dermatol Venereol 2006; 20: 548-52
9. Bystryn JC, Jiao D, Natow S. Treatment of pemphigus with intravenous immunoglobulin. J Am Acad Dermatol 2002; 47: 358-63
10. Ahmed AR, Sami N. Intravenous immunoglobulin therapy for patients with
pemphigus foliaceus unresponsive to conventional therapy. J Am Acad Dermatol 2002; 46: 42-9
11. Sami N, Bhol KC, Razzaque Ahmed A. Intravenous immunoglobulin therapy in
patients with multiple mucosal involvement in mucous membrane pemphigoid.
Clin Immunol 2002; 102: 59-67
12. Ahmed AR. Intravenous immunoglobulin therapy for patients with bullous
pemphigoid unresponsive to conventional immunosuppressive treatment. J Am
Acad Dermatol 2001; 45: 825-35
13. Gourgiotou K, Exadaktylou D, Aroni K, et al. Epidermolysis bullosa acquisita:
treatment with intravenous immunoglobulins. J Eur Acad Dermatol Venereol
2002; 16: 77-80
14. Ahmed AR. Treatment of autoimmune mucocutaneous blistering diseases with
intravenous immunoglobulin therapy. Expert Opin Investig Drugs 2004; 13:
1019-32
© 2007 Adis Data Information BV. All rights reserved.

15. Weinberg MA, Insler MS, Campen RB. Mucocutaneous features of autoimmune
blistering diseases. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1997;
84: 517-34
16. Hertl M, Eming R, Veldman C. T cell control in autoimmune bullous skin disorder.
J Clin Invest 2006; 116: 1159-66
17. Yancey KB. The pathophysiology of autoimmune blistering diseases. J Clin Invest
2005; 115: 825-8
18. Sitaru C, Zillikens D. Mechanism of blister induction by autoantibodies. Exp
Dermatol 2005; 14: 861-75
19. Chan LS, Ahmed AR, Anhalt GJ, et al. The first international consensus on mucous
membrane pemphigoid: definition, diagnostic criteria, pathogenic factors, medical treatment and prognostic indicators. Arch Dermatol 2002; 138: 370-9
20. Yu Z, Lennon VA. Mechanism of intravenous immune globulin therapy in antibody-mediated autoimmune diseases. N Engl J Med 1999; 340: 227-8
21. Jolles S, Sewell WAC, Misbah SA. Clinical uses of intravenous immunoglobulin.
Clin Exp Immunol 2005; 142: 1-11
22. Li N, Zhao M, Hilario-Vargas J, et al. Complete FcRn dependence for intravenous
Ig therapy in autoimmune skin blistering diseases. J Clin Invest 2005; 115:
3440-50
23. Akilesh S, Petkova S, Sproule TJ, et al. The MHC class I-like Fc receptor promotes
humorally mediated autoimmune disease. J Clin Invest 2004; 113: 1328-33
24. Mimouni D, Blank M, Ashkenazi L, et al. Protective effect of intravenous immunoglobulin (IVIG) in an experimental model of pemphigus vulgaris. Clin Exp
Immunol 2005; 142: 426-32
25. Arredondo J, Chernyavsky AI, Karaouni A, et al. Novel mechanisms of target cell
death and survival and of therapeutic action of IVIg in pemphigus. Am J Pathol
2005; 167: 1531-44
26. Bystryn JC, Jiao D. IVIg selectively and rapidly decreases circulating pathogenic
autoantibodies in pemphigus vulgaris. Autoimmunity 2006; 39: 601-7
27. Bystryn JC, Rudolph JL. IVIg treatment of pemphigus: how it works and how to
use it. J Clin Invest 2005; 125: 1093-6
28. Boros P, Gondolesi G, Bromberg JS. High dose intravenous immunoglobulin
treatment: mechanisms of action. Liver Transpl 2005; 11: 1469-80
29. Berlana D, Vidaller A, Jodar R, et al. Changes in biochemical, hematological and
immunological profiles after low-dose intravenous immunoglobulin administration in patients with hypogammaglobulinemia. Trans Clin Biol 2005; 12:
433-40
30. Knezevic-Maramica I, Kruskall MS. Intravenous immune globulins: an update for
clinicians. Transfusion 2003; 43: 1460-80
31. Orbach H, Katz U, Sherer Y, et al. Intravenous immunoglobulin: adverse effects
and safe administration. Clin Rev Allergy Immunol 2005; 29: 173-84
32. Lee KY, Han JW, Lee JS, et al. Alteration of biochemical profiles after high-dose
intravenous immunoglobulin administration in Kawasaki disease. Acta Paediatr
2002; 91: 164-7
33. Ng SK. Intravenous immunoglobulin infusion causing pseudohyponatremia. Lupus
1999; 8: 488-90
34. Nguyen MK, Rastogi A, Kurtz I. True hyponatremia secondary to intravenous
immunoglobulin. Clin Exp Nephrol 2006; 10: 124-6
35. Steinberger BA, Ford SM, Coleman TA. Intravenous immunoglobulin therapy
results in post-infusional hyperproteinemia, increased serum viscosity, and
pseudohyponatremia. Am J Hematol 2003; 73: 97-100
36. Kessary-Shoham H, Levy Y, Shoenfeld Y, et al. In vivo administration of intravenous immunoglobulin (IVIg) can lead to enhanced erythrocyte sequestration. J
Autoimm 1999; 13: 129-35
37. Shoham-Kessary H, Naot Y, Gershon H. Immune complex-like moieties in immunoglobulin for intravenous use (IVIg) bind complement and enhance phagocytosis of human erythrocytes. Clin Exp Immunol 1998; 113: 77-84
38. Katz U, Shoenfeld Y. Review: intravenous immunoglobulin therapy and
thromboembolic complications. Lupus 2005; 14: 802-8
39. Paran D, Herishanu Y, Elkayam O, et al. Venous and arterial thrombosis following
administration of intravenous immunoglobulins. Blood Coagul Fibrinolysis
2005; 16: 313-8
40. Gelfand EW. Differences between IGIV products: impact on clinical outcome. Int
Immunopharmacol 2006; 6: 592-9
41. Mckay LI, Cidlowsky JA. Corticosteroids. In: Holland JF, Frei E III, editors.
Cancer medicine. 5th ed. London: BC Decker, 2000: 730-43
Am J Clin Dermatol 2007; 8 (5)

IVIg Therapy and Changes in Biochemical Profiles

42. Gaffney K, Scott DG. Azathioprine and cyclophosphamide in the treatment of
rheumatoid arthritis. Br J Rheumatol 1998; 37: 824-36
43. Oren RM. Hyponatremia in congestive heart failure. Am J Cardiol 2005; 95 Suppl.:
2-7B
44. Anderson CL, Chaudhury C, Kim J, et al. Perspective: FcRn transports albumin.
Relevance to immunology and medicine. Trends Immunol 2006; 27: 343-8
45. Chaudhury C, Mehnaz S, Robinson JM, et al. The major histocompatibility
complex-related Fc receptor for IgG (FcRn) binds albumin and prolongs its
lifespan. J Exp Med 2003; 197: 315-22
46. Israel EJ, Wilsker DF, Hayes KC, et al. Increased clearance of IgG in mice that lack
beta 2-microglobulin: possible protective role of FcRn. Immunology 1996; 89:
573-8
47. Katz U, Achiron A, Sherer Y, et al. Safety of intravenous immunoglobulin (IVIG)
therapy. Autoimmun Rev 2007; 6: 257-9

© 2007 Adis Data Information BV. All rights reserved.

299

48. Mahieu AC, Sisti AM, Joekes S, et al. Pharmacovigilance study of a regional
intravenous immunoglobulin (II): evaluation and comparison of an improved
pharmaceutical form. Allergol Immunopathol (Madr) 2006; 34: 242-7
49. Katz U, Kishner I, Magalashvili D, et al. Long term safety of IVIg therapy in
multiple sclerosis: 10 years experience. Autoimmunity 2006; 39: 513-7

Correspondence: Professor Michele D. Mignogna, Department of Odontostomatological and Maxillofacial Sciences, School of Medicine and Surgery,
of Oral Medicine, University of Naples ‘Federico II’, Via Pansini 5, Naples,
80131, Italy.
E-mail: mignogna@unina.it

Am J Clin Dermatol 2007; 8 (5)

