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Pantaglobulin Usefulness in Critical Care

Abstract
Intravenous immunoglobulin (IVIg) products are available preparations of 
immunoglobulins extracted from plasma pools obtained from more than 1,000 
healthy donors/lot. The inhibitory capacity of the IgGMA preparation was more 
potent than the capacity of an IVIgG preparation. IgM‑enriched IVIg used in 
different cases of severe sepsis and polyneuromyopathy but the effectiveness was 
not the same. Although IgM‑enriched IVIg has some adverse effect on the kidney.
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Introduction
Immunoglobulins
Immunoglobulins, also known as antibodies, are glycoprotein 
molecules belonging to the immunoglobulin super family [1]. 
They have an important role in the human body's immune system 
and are generated mainly in differentiated B cells called plasma 
cells in response to an immunogen. Immunoglobulins attach 
to foreign pathogens, such as bacteria and help in destroying 
or neutralizing them [2]. Immunoglobulin is abbreviated Ig. 
The classes of immunoglobulins are termed immunoglobulin 
A (IgA), immunoglobulin G (IgG), immunoglobulin M (IgM), 
immunoglobulin D (IgD) and immunoglobulin E (IgE) [3]. 

Even though different immunoglobulins can differ structurally, 
they all have a four‑chain structure as their basic unit. They 
are composed of two identical light (L) chains (23 kD) and two 
identical heavy (H) chains (50‑70 kD). The H and L chains and the 
two H chains are held together by non‑covalent interactions and 
inter‑chain disulfide bonds. There are also intrachain disulfide 
bonds within each of the polypeptide chains [4].

Both the H and L chains can be divided into two regions based 
on variability in the amino acid sequences. These regions are 
named domains. L chain domains are called VL (V: variable; 110 
amino acids) and CL (C: constant; 110 amino acids) and H chain 
domains are named VH (110 amino acids) and CH (330‑440 amino 
acids). The hinge region is the region at which the arms of the 
immunoglobulin molecule form a Y. It is called the hinge region 
since there is some flexibility in the molecule at this point [5].

Heterogeneity of immunoglobulins
Immunoglobulins, which are considered as a population of 
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molecules, are commonly very heterogeneous because they 
consist of various classes (isotypes) and subclasses. Each of the 
classes or subclasses has various types and subtypes of light 
chains. Different immunoglobulins can have different antigen 
binding abilities because of their different VH and VL regions. 
Besides, based on the differences in the amino acid sequences 
in the constant region of the heavy chains, the immunoglobulins 
can be divided into five distinct classes including IgG, IgA, 
IgM, IgE and IgD. These differences can be found by sequence 
studies or more routinely by serological methods for example 
by the use of antibodies directed to these varieties. Overall, all 
immunoglobulins within a given class will own very similar heavy 
chain constant regions [5].

Structure of immunoglobulin classes 
Immunoglobins comprised of two regions: the variable region 
recognizes changing antigens and the constant region binds to 
complement proteins and reticuloendothelial system receptor 
[6]. The structure of immunoglobulins has made them suitable 
for their defensive role.

IgG is the most versatile immunoglobulin because it can carry 
out different functions of immunoglobulin molecules. All IgG's 
subclasses are monomers [7]. The structures of the IgG subclasses 
are presented in Figure 1. IgM routinely exists as a pentamer as 
well as a monomer. In the pentameric pattern, all light chains are 
identical and all heavy chains are similar. Therefore, the valence 
is theoretically 10. IgM has an extra domain on the CH4 and it 
has another protein covalently bound through a disulfide bond 
named the J chain. This chain functions in the polymerization 
of the molecule into a pentamer [8]. The structure of IgM is 
presented in Figure 2. IgA found in serum is a monomer but 
secretions IgA is a dimer. A J chain is associated with secretions 
IgA. Moreover, another protein named the secretory piece or 
T piece is associated with secretions IgA. All parts of the IgA 
are made in the plasma cell, but the secretory piece is built 
in epithelial cells and added to the IgA as it passes into the 
secretions. The secretory piece protects IgA from degradation in 
the secretions and aids IgA to be transported across mucosa [9]. 
The structures of the secretions IgA are presented in Figure 3.

Intravenous immunoglobulin (IVIg)
Intravenous immunoglobulin (IVIg) products are available 
preparations of immunoglobulins extracted from plasma pools 
obtained from more than 1,000 healthy donors per lot. IVIG 
consists of at least 90%. IgG has four subclasses: IgG1, IgG2, IgG3 
and IgG4. IgG1 as the major component of IVIG preparations 
plays a key role in tissue protection, complement activation, virus 
inactivation and susceptibility of bacterial cells to phagocytosis 
[10].

Effect of IVIgG preparations
The activated complement and released inflammatory factors 
such as TNFα, IL‑6 and IL‑8 are important pathogenic factors 
explaining organ dysfunction in sepsis. Patients receiving IVIgG 
infusion twice or more are less likely to suffer from frequent 
or longer infection episodes. One of the effects of IVIgG may 

be the induction of anti‑inflammatory cytokines or cytokines 
antagonists [6].

IgM and IgA enriched preparations
In mixed lymphocyte reaction (MLR) experiments conducted by 
Schroeder and Cavacini [6], the effect of preparation containing 
IgM, G and A (Pentaglobin) on the immunomodulatory capacity 
of IVIG was investigated. The study reported a significant 
inhibition of alloantigen‑induced proliferation. The inhibitory 
capacity of the IgGMA preparation was more potent than the 
capacity of an IVIgG preparation. Analyzing cytokines in the 
culture supernatants showed that modulations of IL‑2 and IFNɣ 
production with a subsequent impact on TNFα and IL‑6 release 
have occurred [6].

In a study conducted by Wand and his colleagues, 26 patients 
with severe sepsis or septic shock were treated with IgM‑

Figure 1 Structure of IgG with disulfide bondings between the Ig 
heavy chains.

 

Figure 2 Structure of an IgM pentamer with disulfide bonding of 
IgM monomers to each other and to the J chain.

 

Figure 3 Structure of dimeric IgA, associated with the J chain and 
covalently linked to the secretory component.
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enriched immunoglobulin (Pentaglobin) and the results showed 
a significant reduction in the level of endotoxin activity. 
Moreover, both the platelet count and fibrinogen concentrations 
were higher in the IgM‑IVIg group than in the control group. 
Viscoelastic or aggregometry measurements and inflammatory 
markers including LBP levels, IL‑6 levels and leucocyte counts 
were not influenced by the treatment [11].

IVIg and acute kidney injury (AKI)
The original IVIG product, which was officially approved in 1981, 
did not contain stabilizers. Adverse side effects associated with 
the IVIG formulations were fever, chills, fatigue and chest, hip, 
joint and back pain. These effects were thought to be due to 
the formation of immunoglobulin aggregates. Therefore, in an 
effort to reduce adverse effects, stabilizers were added to IVIG 
formulations to decrease the aggregation of immune complexes. 
The added stabilizers are mainly sugars such as sucrose, maltose, 
glucose and sorbitol as well as amino acids such as glycine and 
albumin [10].

Unfortunately, these stabilizers may be implicated in the 
development of adverse renal events, including nonspecific 
acute renal failure, renal dysfunction and osmotic nephrosis. The 
proposed mechanism of adverse renal effects is believed to be 
hyper osmolality caused by the stabilizers. Renal tubular injury 
occurs when sucrose, a large carbohydrate molecule, is taken 
up by tubular epithelial cells in the process of pinocytosis. This 
incorporation of sucrose into lysosomes causes swelling of the 
epithelial cells and cytoplasmic vacuolization of the tubules, 
especially in the proximal tubules. The swelling and vacuolization 
cause narrowing of the tubular lumina, leading to injury and 
degeneration of the proximal tubular epithelium [12]. 

Sucrose as an IVIG stabilizer is mainly associated with adverse 
renal events, perhaps because sucrose has the highest osmotic 
activity of the stabilizers used in IVIG products. Moreover, sucrose 
is only metabolized by sucrose enzyme in the intestine, while 
other stabilizers are metabolized by the liver. Since IVIG products 
are administered intravenously, sucrose cannot be metabolized 
to glucose and fructose in the intestine. Sucrose is removed 
unchanged in the urine, likely causing osmotic nephrosis [12].

Chapman et al. [13] reported two cases of acute renal failure 
following the administration of sucrose‑stabilized IVIG (Panglobulin). 
Renal function returned to baseline after 11 days in one patient 
and 10 days in the other patient. In one case, acute renal failure 
did not recur after the patient received additional doses of 
a sorbitol‑stabilized formulation (Venoglobulin‑S). The other 
patient did not receive additional doses of IVIG. This report 
suggested that sucrose‑stabilized IVIG products may be more 
likely than sorbitol‑stabilized IVIG products to result in acute 
renal failure.

In another report, Itkin and Trujillo [14] reported acute renal 
failure in four patients who received IVIG containing sucrose 
(Panglobulin). In each patient, renal function returned to 
baseline after therapy was discontinued. IVIG therapy with a 
nonsucrose‑containing product (Polygam S/D) was continued in 
one patient, who experienced no further renal complications. 

The investigators also addressed formulary restrictions with 
IVIG. Panglobulin is the preferred IVIG product, regardless of 
renal failure risk and Polygam S/D is considered only for patients 
who have developed acute renal failure and cannot tolerate 
Panglobulin therapy after further dilution of the drug and/or a 
decrease in infusion rate.

Therefore, products with lower osmolality or nonsucrose 
stabilizers may be preferred in patients with renal insufficiency; 
however, no direct comparison of the incidence of renal 
failure between IVIG products or specific stabilizers has been 
documented in the literature [10].

Immunoglobulin therapy in sepsis
Dysregulated host response to infection leads to an inflammatory 
condition called sepsis. Sepsis has a wide spectrum ranging from 
mild features of systemic inflammation to severe sepsis. Septic 
shock as a serious condition may lead to poor organ function.

The expression of FcɣRs on innate and adaptive immune cells 
increases by a bacterial infection. Immunoglobulins modulate 
the innate and adaptive immune activity by changing the balance 
between immunoreceptor tyrosin‑based activating motif (ITAM) 
and immunoreceptor tyrosin‑based inhibitory motif (ITIM) in the 
FcɣRs. Following the binding of immunoglobulins, all FcɣRs except 
FcɣRIIB are stimulated and activate immune cells. The activation 
is related to the aggregation of ITAM cytoplasmic domain which 
leads to phosphorylation of ITAM tyrosines and activation of 
downstream cell signalling pathways. By contrast, FcɣRIIB is 
related to the ITIM cytoplasmic domain with phosphorylation 
of tyrosines in ITIMs leading to attenuation of the activity of cell 
signalling pathways [15]. It is demonstrated that changing the 
balance between ITAM and ITIM activity via immunoglobulins 
may be influenced by IVIg therapy [16]. 

Staphylococci and Streptococci release super antigens that 
activate T‑cells. IVIg preparations contain IgG against super 
antigens that inhibit their T‑cell and monocyte activation. IVIg 
with IgM‑enriched preparations contains antibodies against 
lipopolysaccharides of Escherichia coli, Pseudomonas aeruginosa 
and Klebsiella spp. [15].

IgM-enriched IVIg: Pros and cons 
In a RCT study on 42 patients with severe sepsis, 21 patients 
received IgM and IgA enriched IgG preparation (Pentaglobin®) in 
addition to standard sepsis therapy. Though the study found that 
procalcitonin (PCT) levels significantly declined, the treatment 
was not successful [17]. 

In another case study, a 21 years old woman with a history of 
abdominal pain, diarrhea, nausea and vomiting after swimming 
in dirty water were treated for her septic shock.

No improvement was observed in treatment with antibiotics, 
fluid resuscitation, ventilator therapy and her condition 
was worsened. However, after administrating IgM‑enriched 
immunoglobulin (Pentaglobin – Biotest, Dreieich, Germany) for 
five days, a significant improvement was achieved [18].

In a meta‑analysis, an overall reduction in the mortality rate of 
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severe sepsis and septic shock in adults who received IVIg as the 
adjunctive treatment was reported. In comparison to placebo, 
the effect of IVIg appeared to be more pronounced when larger 
doses of IVIg (1 g/kg) were received [19].

In another study, a group of patients who were affected by sepsis 
after cardiac surgery were treated with the polyclonal IgM‑
enriched immunoglobulins (Pentaglobin; Biotest AG, Dreieich, 
Germany). The results showed no significant reduction in the 
mortality rate of the study population. However, the treatment 
could improve the survival rate of the subgroup of patients with 
severe sepsis significantly [20].

Critical illness polyneuromyopathy (CIPNM) as a complication 
in critically ill patients leads to weakening of the muscles. In a 
randomized, double‑blinded and placebo‑controlled trial, IVIg 
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did not alleviate CIPNM. The electrophysiology stimulation 
of three nerves and biopsy of muscle showed no differences 
between IVIg group and the control group. The treatment also 
failed to influence the length of ICU stay and mortality rate of 
either group [21].

Conclusion
In conclusion, there were different results about the effectiveness 
of IgM‑enriched immunoglobulin in different cases and further 
researches might be needed. However, this is a subject that has 
already been studied and so far has not reported considerable 
improvement in the evolution of septic shock with use of 
immunoglobulin. Therefore it is interesting to review this subject 
deeply and expose the reasons.


