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A Real Clinical Threat?
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Abstract

Background and objective: Intravenousimmunoglobulin (IV1g) isasolution 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 1VIg.
The objective of this study was to evaluate the effects of 1V1g therapy on selected biochemical and hematologic
parameters in patients with autoimmune mucocutaneous blistering diseases (AMBDs).

Methods: In thispreliminary clinical study, ten patients with AMBDs (seven with pemphigus vulgaris and three
with mucous membrane pemphigoid) received 133 cycles of IVIg for atotal of 399 infusions. We evaluated the
effects of 1VIg therapy on serum hemoglobin (Hb), albumin, and electrolyte levels, including sodium (Nat),
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 clinicaly negligible.
Furthermore, 24 hours after the last infusion, mean electrolyte values had spontaneously returned to normal
levels without the need for additional supplementation: Nat+ 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, abeit very rarely, be
of sufficient clinical significance in individual patients as to necessitate additional treatment.

Conclusion: In patients receiving intravenous 1V1g 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 thisisavery rare occurrence. These findings confirm and extend previous reports of the
safety of IVIg therapy.

Intravenous immunoglobulin (1V1g) therapy isasafe and effec-
tive treatment for several autoimmune and inflammatory diseases,
such as idiopathic thrombocytopenic purpura or Kawasaki syn-
drome. Over the last decade, this therapy has even been used
carefully in patients with autoimmune mucocutaneous blistering
diseases (AMBDs)!?%l such as pemphigus vulgaris,[¥ pemphigus

foliaceus,!*™ mucous membrane pemphigoid,[* bullous pemphi-
goid,*d and epidermolysis bullosa acquisita.l*3 All these disorders
belong to a heterogeneous, rare, and systemic group of intra-
epithelial (pemphigus vulgaris, pemphigus foliaceus) or sub-ep-
ithelial (mucous membrane pemphigoid, bullous pemphigoid, epi-
dermolysis bullosa acquisita) bullous inflammatory diseases that
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affect skin and mucous membranes with stratified squamous epi-
thelia and sometimes may lead to serious and potentialy fatal
consequences.['*18 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) adhe-
sion in the skin and mucosae, leading to an inflammatory cascade
and then to blister formation.[!6-181 Although conventional therapy
in these cases has always included several different immunosup-
pressant agents, some patients do not respond to these drugs or
experience serious adverse effects, which is why alternative treat-
ments such as plasmapheresis, extracorporeal photopheresis, im-
munoabsorption techniques, and high-dose 1VIgs have been re-
commended.[7:1219

IVIg represents one of the alternative therapies used in the
management of patients affected by severe AMBDs who are
refractory to conventional immunosuppressive therapy.!34 1VIg
is made up of ahighly 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 1gA and
IgM, and some cytokines and other immunomodulators found in
serum (soluble CD4, CD8, HLA molecules, and transforming
growth factor-f).12%

Although its exact mechanism of action is still largely un-
known, some investigations have shown that 1VIg is able to
perform severa 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 antipro-
liferative effects, modulates apoptosis and cell cycles, has effects
on cell adhesion, and modifies cytokine levels. The second com-
ponent 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 1gG monomers, which are in turn
involved in the pathogenesis and inflammatory effects of AMBDs.
Thirdly, complement-Fc binding isinvolved in inhibition of depo-
sition of activated complement.[21-23]

Specifically, in pemphigus vulgaris, 1VIg is able to prevent
blister formation by preventing 1gG autoantibodies from binding
to desmoglein 1 and 3,2 thus reducing pemphigus vulgaris-
related |gG-mediated acantholysis and cell death and upregulating
endogenous caspase and calpain inhibitors.?®l Moreover, the ef-
fects of 1VIg very much resemble those of plasmapheresis, which
causes a selective and very rapid decline in circulating autoanti-
bodies in the serum by accelerating the catabolism of all serum
antibodies.[?! This results in a decrease in abnormal antibodies
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(IgG-pemphigus vulgaris) only, since normal antibodies are re-
placed by those present in the immunoglobulin preparation.?

Use of IVIgisassociated with two major advantages. selective
clearance of pathogenetic autoantibodies and the safety of the
treatment procedures used.[22® However, it is also associated with
a variety of mild, moderate, and severe adverse effects, with an
incidence ranging from 1% to 42%.? Among these adverse
effects, low-grade fever, headache, nausea, myalgia, and chillsare
particularly common, while arthralgias, flushing, abdominal
cramps, and leukopenia have been less frequently described.[30.31
In addition, different investigators have also reported aterationsin
biochemical profiles, such as hypoalbuminemia,?®34 an imbal-
ance in serum sodium concentration leading to atrue or pseudohy-
ponatremia, 29313331 erythrocyte sequestrationt®637 and last, but
no less importantly, an increased viscosity with consequent ve-
nous and arterial thromboembolic eventsin patients with high-risk
factors, such as impaired circulation, underlying atherosclerotic
diseases, bedridden status, advanced age, and obesity.[31:35:3839

To our knowledge, this preliminary clinical study is the first
investigation aimed at evaluating the possible effects of IVig
therapy on serum sodium (Nat), 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 1VIg treatment and to show that 1VIg 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 Odontostomatol ogi-
cal 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 AMBDSs, we selected ten patients ac-
cording 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 1gG and comple-
ment 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)
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Table I. Patient characteristics

Patient Age Sex Bullous Underlying diseases Hb values Weight Total No. of Corticosteroids Azathioprine
(y) disease (g/dL) (kg) dosage cycles (mg/wk) (mg/wk)
before 1VIg (g/cycle)
1 37 M PV Lithiasis 12.35 67.5 135 22 45 100
29 F PV Anemia 10.1 60 120 21 50 None
3 77 F PV Heart failure, 12.61 60 120 19 30 250
osteoporosis, diabetes
mellitus
4 42 PV Lithiasis, anemia 11 60 120 9 45 150
65 F MMP Hypertension, 11.71 82.5 165 15 12 250
gallstones, duodenitis,
nephritis, anemia,
diabetes
6 57 M PV Hypertension, renal 16.03 75 150 9 15 50
cyst
7 57 M MMP Lithiasis, hypertension, 12.2 75 150 10 50 250
psychosis
8 66 F PV Gallstones, 13.2 60 120 9 60 150
osteoporosis
9 23 PV None 14.32 60 120 9 60 None
10 76 F MMP Hypertension, atrial 12.4 67.5 135 10 50 250

fibrillation,
osteoporosis,
atherosclerosis

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 (mon-
key esophagus was the preferred substrate for indirect immuno-
fluorescence).

Theinclusion criteriawere (i) patients aged between 18 and 90
years (both sexes, al races) with adiagnosed 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) eligi-
bility for receiving an 1V1g preparation at a total dosage of 2g/kg/
cycle given over 3 consecutive days (table I).

The exclusion criteriawere (i) absence of AMBD; (ii) concomi-
tant severe systemic disease, such as solid and/or non-solid neo-
plasm; viral, bacterial or fungal infections, myopathies; gastroin-
testinal 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 1VIg 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, Sjogren syndrome, and
systemic sclerosis with cutaneous and/or mucosal lesions and/or
systemic manifestations, such as lichenoid lesions, granulomatous
lesions, glomerulonephritis, endocarditis, pleuritis, myalgia, abdo-
minal 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 in-
hibitors, 3-adrenoceptor antagonists, interferon-f3, and interleukin-
2; (vi) pregnant or breastfeeding women; and (vii) drug addiction
or acoholism. 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 |VIg therapy for a total number
of 133 cycles (table 1), with the optimal dose, frequency, and
duration of 1V1g therapy being based on the Consensus Statement
on use of 1VIg therapy for the treatment of AMBDs.[®l During the
I1V1g 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 methyl-
prednisolone 40mg 30 minutes before each infusion. Human im-
munoglobulin 5% solution was infused intravenously via an elec-
tronic pumping device (Optima® 1 M S) at atotal 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 moni-
tored during theinfusion. The total number of cyclesof IVIg given
per patient ranged from 9 to 22 (mean 13.3). These infusions were
administered initialy at an interval of 3 or 4 weeks between each
cycle until complete clinical remission had been obtained with
absence of new lesions. Thereafter, theintervals 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 pharma-
ceutical 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 institu-
tion. The decision to give apatient one particular IV Ig preparation
rather than another depended upon the availability of 1V1g prepa-
rations 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 thrombo-
embolic events. This included aspirin (acetylsalicylic acid) ther-
apy (six patients), as suggested by Katz and Shoenfeld,*® and
subcutaneous cal cium heparin (two patients receiving polytherapy
for multiple co-morbidities).

We also monitored, through blood tests, all patients’ serum Hb,
albumin, Nat, K+, ClI- and Ca2+ levels 24 hours before, 24 hours
after, 4 weeks after, and during the 3 days of each treatment cycle.

Statistical Evaluation

The arithmetic mean of the age of patients and of all variable
values were calculated using the X test by Microsoft® Excel. We
also calculated the standard deviation of al variables and com-
pared 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 IV 1g) using the two-tailed paired t-test and
NCSS, PASS and GESS 2006 statistical and data anaysis
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 cardio-
vascular 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 osteo-
porosis (table ). Despite these concomitant disorders, all patients
completed al cycles.

Mean serum Na* levelsdid 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 I1]. 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 avery 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 1V1g, mean K+ and Ca2+ levels showed
statistically significant but clinically insignificant variations (table
).

Conversely, statistically and clinically significant changeswere
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
t011.68 + 1.96 g/dL (p = 0.007 vslevel 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

1 The use of trade names is for product identification purposes only and does not imply endorsement.

© 2007 Adis Data Information BV. All rights reserved.
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(* 0.47)°

100.93, 105.92 9.07

(+1.91)

103.4

(+ 0.58)°
3.97

138,34

(+ 0.5)
137.59

0.5332

0.0388

0.2689

0.6091

24h after

8.65, 9.48

3.5, 4.44

136.26,

(+ 0.44)°

99.02, 105.92 9.47

(+ 2.69)
102.47

(* 0.5)
4.03

138.91

(+1.42)
138.7

<0.001¢

0.061

0.0032¢

0.0679

4wk after

9.08, 9.87

3.67, 4.39

136.91,

(+ 0.28)

(+ 2.46)

a Physiologic ranges: Na+ 135-148 mmol/L; K+ 3.5-5.3 mmol/L; CI- 97—-112 mmol/L; Ca2+ 8.9—10.3 mg/dL.

b Compared with levels 24h before therapy.

(+ 0.38)

140.49

(+ 1.93)

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

(¢

0.01).

d Statistically significant (Bonferroni adjustment, o

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 physi-
ological 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
beforeinfusion). However, it isimportant to note that both Hb and
albumin levels spontaneously returned to normal within 4 weeks
of discontinuation of 1VIg (table I11).

No adverse effects occurred during 1V1g therapy and no patient
developed an electrolyte imbalance of sufficient severity as to
require additional treatment. Blood transfusions and/or human
albumininfusionswere 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 1VIg 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 differencesin post-I1VIg
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 al cyclesfor 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 pre-
IVIg and 24-hour post-1VIg 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 1V Ig 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 atotal of 399 infusions). Our aim was to better under-
stand the possible clinical consequences of such changes, partic-

Am J Clin Dermatol 2007; 8 (5)
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Table lll. 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 diseases?®

Phase of IVIg therapy Hb (g/dL) p-ValueP 95% CI Albumin (g/dL) p-ValueP 95% CI

24h before 12.58 (+ 1.76)° 10.95, 14.21 3.68 (+ 0.28)° 3.42,3.94
1st day 12.16 (+ 2.02)° 0.115 10.29, 14.02 3.32 (+ 0.31)° <0.001¢ 3.03, 3.61
2nd day 11.68 (+ 1.96)° 0.007¢ 9.86, 13.5 3.09 (£ 0.28)° <0.0014 2.82, 3.34
3rd day 11.64 (£ 2.12)° 0.011 9.68, 13.6 3.12 (+ 0.26)° <0.001¢ 2.87, 3.37
24h after 11.62 (£ 2.12)° 0.009¢ 9.66, 13.58 3.14 (+ 0.24)° 0.0016¢ 2.91, 3.37
4wk after 13 (£ 1.6)° 0.26 10.74, 15.2 3.8 (£ 0.26) 0.4243 3.42, 4.16

a Physiologic ranges: Hb 12—16 g/dL; albumin 3.5-5.2 g/dL.
Compared with levels 24h before therapy.

b
¢ 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, o. = 0.01).

ularly with respect to the transience and severity of these changes,
and whether any life-threatening situations devel oped.

Sinceno datain thisareawere availablein theliterature, we did
not know if different methods of industrial preparation or purifica-
tion of 1VIg preparations, or different excipients contained in these
products, may have influenced the observed changes. We did
know that differences among various 1VIg commercial prepara
tions have been described in the literature, but how these differ-
enceswould impact on safety, tolerability, or efficacy had not been
well defined as there have been few comparative studies,[*? and,
likewise, how these different preparations may have differentialy
affected serum electrolyte, Hb or albumin levels was not known.
Therefore, we gave each patient receiving aparticular 1VIg prepa-
ration 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 elec-
trolyte, albumin and Hb concentrations.

We also documented patients’ use of immunosuppressive ther-
apy over previous months, prior to commencement of 1VIg ther-
apy, 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 bal-
ance*!! and that an immunosuppressant such as azathioprine can
influence Hb values,*? this observation confirms our finding that
IV1g, except in very rare cases of underlying predisposing condi-
tions, 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 1VIg treatment
reported in the international literature is the possibility that pa-
tients receiving this therapy can develop severe hyponatremial®”
or pseudohyponatremia.®¥ The risk of morbidity and mortality
following development of hyponatraemiais increased in patients

© 2007 Adis Data Information BV. All rights reserved.

with concomitant congestive heart failure.[*3l Pseudohyponatremia
increases risk of acute renal failure but only in patients with pre-
existing renal insufficiency.®3 Two cases of dilutional (hyperton-
ic) 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.[*¥ However, other investigators
have characterized the same phenomenon as a pseudohypona-
tremia resulting from increases in serum protein (hyper-
proteinemia) and lipids (hyperlipidemia) with a subsequent de-
crease in plasma water volume and Nat concentration.*¥ More-
over, pseudohyponatremia would increase plasmaviscosity 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 bedrid-
den status.[3>38:39

Our findings are consistent with the results of the above-
mentioned studies.[3>383% None of the patientsin our study devel-
oped severe hyponatremia or pseudohyponatremia. Indeed, as
shown in table Il, no significant variations in serum Nat or Cl—
levels were seen during 1V1g 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 1VIg
therapy but, again, this was not predictive of hyper/hypokalemia
(mean serum K+ level at thistime point was 4.03 + 0.38 mmol/L).
Indeed, only one of the ten patients in the study exhibited persis-
tent but very mild hypokalemia before, during and after 1VIg
therapy and this patient did not require supplementation because
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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 vaue) and 24 hours
after the last infusion (9.07 + 0.44 mg/dL; p = 0.5332 vs pre-1VIg
value). There was also a statistically significant variation in mean
serum Ca2* level 4 weeks after completion of 1V1g therapy (9.47 +
0.28 mg/dL; p < 0.001 vs pre-1VIg value) but this was clinically
negligible (table 11). We do not know whether these variations in
serum calcium levels were related to 1VIg therapy; in fact, we
strongly believe that these fluctuations could have been related to
adjuvant use of corticosteroid therapy and specific patient charac-
teristics (e.g. three elderly women had osteoporosis).

The variationsin serum Hb and albumin levels observed in this
study showed that these parameters were more sensitive to 1VIg
than serum electrolytes. Indeed, 1VIg contains erythrocyte-specif-
ic isoantibodies against A and B blood antigens, and two previous
studies have noted that 1V1g therapy may cause enhanced erythro-
cyte sequestration.3537 This occurs because immune complex-
like moieties activate the complement C3b fraction and bind to
erythrocyte complement receptor-1, thereby functioning as opso-
nins and inducing erythrophagocytosis, particularly in young pa-
tients.[3637 Our investigation supports the findings of these two
studies by showing that there is a mild decrease in Hb concentra-
tion with IVIg therapy, starting on the first day of therapy (mean
serum Hb 12.16 + 2.02 g/dL; p = 0.115 vs pre-1VIg value) and
continuing until 24 hours after thelast infusion (11.62 + 2.12 g/dL ;
p < 0.009 vs pre-IVIg value) [table I11]. 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.*1 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 dlightly 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 vspre-IVIg value) to 24 hours
after the last infusion (3.14 £ 0.24 g/dL; p = 0.0016 vs pre-1VIg
value) [table 111]. Thus, abumin levels may vary during 1VIg
therapy. Indeed, in our study, serum albumin decreased to <1.8 g/
dL in four patients, who required supplementation with human
abumin infusions. This confirms the outcomes of two previous
observationd?*33 which emphasized the critical role of albuminin
patients receiving 1V1g therapy, although the reason for the reduc-
tion in abumin during 1VIg therapy remains unknown. These
investigators hypothesized that the observed effect could be due to
the increase in immunoglobulin concentration, which would con-
sequently increase systemic protein levels and create an oncotic

© 2007 Adis Data Information BV. All rights reserved.

pressure imbalance that could result in peripheral edema. Con-
versely, other investigators have shown that this reduction might
be due to inhibition of FcRn, which binds not only 1gG but also
albumin, protecting both from degradation and extending their
lifespan.[?244+46] Thus, saturation of FcRn might enhance both
endogenous 1gG and albumin catabolism.[?:44-461 We believe that
both are very probable mechanisms. In addition, we believe a
potential dilutional effect of 1VIg might play an important role in
triggering these clinical relevant events, since two of the ten
patientsin our study displayed arelevant decrease in Hct, although
al other hemodilution parameters (e.g. serum electrolytes, com-
plete blood count, and urine specific gravity) were normal before,
during, and after 1VIg therapy.

It would be very useful to establish objective criteriafor evalu-
ating who is susceptible to changes in Hb or albumin, but thisis
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 1VIg therapy:

1. Malnutrition. In such cases, a diet rich in protein would be
recommended.

2. Pre-existing low levels of abumin. 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, protein-
losing enteropathy, lymphatic blockage or mucosal disease, con-
gestive heart failure, or acute or chronic inflammation.

3. Pre-existing low levels of hemoglobin. Possible causesinclude
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 1VIg
therapy, changes in these parameters do not represent a real
clinical threat. Patientsin our study did not experience any symp-
toms as aresult of changes in serum electrolyte levels because the
observed fluctuations were transient and physiologic, and disap-
peared within 24-48 hours of the end of treatment. Furthermore,
the variationsin electrolyte levels had no consequencesin terms of
treatment. With respect to serum Hb and albumin levels, it is
understood that in patients treated with 1V1g, 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
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only in patients with a pre-existing low concentration of Hb or
abumin before commencement of 1VIg 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
abumin requiring additional therapy (table I11).

In conclusion, we suggest that patientstaking IV1g therapy very
rarely develop severe pathologic conditions that require interven-
tion asaresult of disturbancesin serum electrolyte, Hb, or albumin
levels. Thus, our results reinforce and extend the notion that 1VIg
is a safe therapy, as has been reported by previous authors.[-9]
Our interesting findings should be confirmed in alarger case series
or, if possible, in randomized controlled trials.
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