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CASE REPORT

Initial intravenous immunoglobulin 
doses should be based on adjusted body 
weight in obese patients with primary 
immunodeficiency disorders
Rohan Ameratunga*

Abstract 

Background: Immunoglobulin therapy plays a critical role in the treatment of immunodeficiency disorders as well 
as autoimmune and inflammatory conditions. In immunodeficient patients, there has been controversy whether 
initial loading doses of intravenous (IVIG) should be based on actual body weight or a calculated parameter such as 
adjusted body weight in obese patients.

Case presentation: I describe a patient with Common Variable Immunodeficiency disorder (CVID) who under-
went bariatric surgery for morbid obesity. Her weight decreased by 50% to below her calculated ideal body weight 
(IBW) while her immunoglobulin requirement fell by approximately 20%. Her steady state serum IgG increased from 
approximately 7 g/l to 11.7 g/l concomitant with weight loss.

Conclusions: I present this observation as support for the recommendation that initial loading doses of SCIG/IVIG in 
immunodeficiency should be based on adjusted body weight (AjBW) and not actual body weight in obese patients. 
This has important fiscal implications for treating obese patients with immunodeficiency disorders.
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Background
Immunoglobulin replacement is the standard of care for 
most patients with symptomatic primary immunodefi-
ciency disorders (PIDs). Immunoglobulin replacement 
can be undertaken by either subcutaneous (SCIG) or 
intravenous (IVIG) routes. Current data suggests pro-
gressive improvement in health with gradually increas-
ing serum IgG levels [1]. Generally, most patients become 
less symptomatic when their steady state/trough  IgG lev-
els are kept above 7–8  g/l [2]. Many patient factors 
influence the steady state/trough serum IgG levels fol-
lowing SCIG/IVIG. These include the genotype of the 
FcRn receptor, the presence of infective or inflamma-
tory conditions such as bronchiectasis. In most cases 

the maintenance immunoglobulin dose is subsequently 
adjusted, based on the clinical response [3, 4]. This has 
been referred to as the biological trough level [5, 6].

In patients with primary immunodeficiency disorders 
(PIDs) with profoundly low IgG levels, an initial loading 
dose of IVIG (1 g/kg) is often administered, followed by 
monthly maintenance doses of 400–800 mg/kg. A loading 
dose allows a patient to rapidly attain steady state thera-
peutic IgG levels, which would otherwise take several 
months, if typical maintenance doses were administered. 
There has been debate about whether the initial loading 
dose of IVIG in morbidly obese PID patients should be 
based on actual body weight or adjusted body weight [7]. 
Most clinical trials of IVIG therapy have excluded these 
patients.

In the event a loading dose is given, most experts rec-
ommend this initial SCIG/IVIG dose should be based 
on adjusted body weight (AjBW) rather than actual body 
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weight. The basis for this recommendation has been 
that administered immunoglobulin does not distribute 
to body fat and is only present in the intravascular space 
and extracellular fluids. The use of adjusted body weight, 
rather than ideal body weight (IBW) or lean body weight 
(LBW) is based on the presumption that extracellular fluid 
is increased in patients with increased adipose tissue [8]. 
The descriptions and calculations of these derived body 
weight parameters are shown in the legend of Table 1.

Here I report a patient with common variable immu-
nodeficiency disorder (CVID) who underwent bariatric 
surgery for morbid obesity. Progressive weight loss was 
associated with gradual increases in her serum immuno-
globulin levels allowing a reduction in dosage. As will be 
shown here, this observation supports the recommenda-
tion that the initial loading dose of IVIG, is most appro-
priately based on adjusted body weight and not actual 
body weight in PID patients.

Case presentation
The 50 year old patient presented in 2011 with bronchi-
ectasis and reduced immunoglobulin levels in 2011. Her 
IgG was 3.5  g/l (7–14), IgA  <  0.07  g/l (0.7–4) and IgM 
0.4  g/l (0.4–2.4). Vaccine responses were impaired to 
 Pneumovax®, diphtheria, H. influenzae and tetanus tox-
oids (Table 2) [9]. She had reduced memory B cells and 
met the Ameratunga et  al. criteria for CVID [10, 11] 
and qualified for intravenous immunoglobulin (IVIG). 
[12] One of her daughters has CVID but whole exome 
sequencing (WES)  failed to identify the causative muta-
tion in the family [13, 14]. Prior to IVIG, She was initially 

treated with prophylactic antibiotics but continued to 
have breakthrough infections. [12].

She had a peak weight of 132 kg and the initial immu-
noglobulin dose was calculated according to adjusted 
body weight. Thereafter, dosage was titrated accord-
ing to her symptoms, which corresponded to a trough 
IgG of approximately 7  g/l. Following immunoglobulin 
replacement, there was a marked reduction in her spu-
tum production and fewer exacerbations in her bron-
chiectasis. For lifestyle reasons, she was subsequently 
changed to SCIG treatment and has remained well 
(Fig. 1).

In spite of morbid obesity, she did not meet the strin-
gent criteria for publically funded bariatric surgery in 
New Zealand, as she had not developed type 2 diabetes. 
Following discussion with the bariatric surgical team she 
was accepted for weight reduction surgery based on likely 
cost savings from reduced immunoglobulin require-
ments. She was able to lose 10 kg weight prior to bariatric 
surgery (Fig.  1). She underwent a roux-en-Y procedure 
and had an uncomplicated post-operative course.

Following bariatric surgery, she experienced progres-
sive weight loss (Fig.  1) which has stabilised at 63  kg, 
which is slightly lower than her predicted ideal body 
weight (Table  1). Concomitant with weight loss, her 
trough IgG levels began to increase allowing a dosage 
reduction (Fig.  1). It is likely further reduction in SCIG 
dosage will be possible in the future. She remains in good 
health, with a marked improvement in sputum produc-
tion and has been able to discontinue her prophylactic 
antibiotics.

Table 1 Showing actual body weight vs lean body mass, adjusted body weight and ideal body weight in kg

* The lean, adjusted and ideal body weights were computed from presurgical weight. The monthly SCIG dose is then expressed as a fraction of body weight as well 
as each of the calculated body weights. Finally, to account for the differences in steady state serum IgG an index ** was calculated serum IgG/(SCIG/kg) [7]. This is 
similar to the IgG efficiency index where the weight was static but the dose of SCIG/IVIG was adjusted in lean and obese patients [15]. In this case the dose of SCIG 
was static while the weight decreased. All measurements were trough levels, just prior to the next dose of SCIG.IVIG. The post bariatric serum IgG/(SCIG/kg) index of 
11.35 correlated most closely with the adjusted body weight of 11.2. The IgG index was only calculated for predicted presurgical body weights (LBW, AjBW and IBW). 
Descriptions: The actual body weight (ABW) is the measured weight. The ideal body weight (IBW) is the most healthy weight for an individual taking into account 
gender, age and body build. The adjusted body weight (AjBW) in an obese person assumes 25% of fat tissue is metabolically active. In the case of SCIG/IVIG, it is 
assumed there is distribution to the increased extracellular fluid associated with adipose tissue. Lean body weight (LBW) is calculated when fat is subtracted from the 
total body weight. Formulae: IBW (women) = 45.5 + 2.3∗(height over 60 in.), AjBW = Ideal BW + (0.4∗(Actual BW − Ideal BW)), LBW 2005 (women) = 9.27∗103∗Actual 
BW8.78∗103 + (244∗BMI)

LBW lean body weight, AjBW adjusted body weight, IBW ideal body weight, NA not applicable

Actual BW (kg) BMI (kg/m2) Lean BW (kg) Adjusted BW (kg) Ideal BW (kg) SCIG/month (g) Serum IgG (g/l)

Pre wt 132 43.1 65.4 92.4 66 57.6 7

Post wt 63 20.6 51.2 9.2

Pre SCIG/kg 0.44 (g) 0.88 0.62 0.87

Post SCIG/kg 0.81 (g)

**Pre serum IgG index 
(IgG/SCIG/kg)

15 7.95 (*predicted) 11.2 (*predicted) 8.05 (*predicted)

**Post serum IgG 
index (IgG/SCIG/kg)

11.35 NA NA NA
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Discussion and conclusions
My observation offers direct evidence that SCIG require-
ments will decrease following substantial weight loss 
(Fig. 1). The patient’s actual weight decreased by 50% but 
her immunoglobulin requirements have decreased by 
approximately 20%. Her trough IgG levels were approxi-
mately 7 g/l prior to the surgery but increased to 11.7 g/l 
allowing a reduction in the SCIG dose. As can be seen 
from Table  1, her apparent SCIG dose/kg almost dou-
bled from 0.44 g/kg/month to 0.81 g/kg/month with her 
weight loss. The reduced extracellular fluid following 
loss of adipose tissue is presumably the explanation for 
the reduced immunoglobulin requirements and increas-
ing serum IgG. There may be other factors contributing 
to reduced SCIG requirements including amelioration of 
the inflammatory state associated with obesity and better 
control of her bronchiectasis [7].

I have used a calculated IgG index (serum IgG/SCIG 
dose/per  kg ) to determine which derived body weight 
parameter prior to surgery correlated best with subse-
quent post weight loss SCIG requirements. This index 
accounts for changes in steady state serum IgG as well as 
changes in SCIG/IVIG dose/kg [7]. A version of this IgG 
index has been used to calculate changes in trough IgG 
levels when adjusting SCIG/IVIG doses in obese patients 
[15]. In my patient’s case the SCIG dose was initially kept 
steady, while her weight decreased.

Following weight loss her actual body weight IgG 
index (serum IgG/SCIG dose/per kg) was 11.35, which 
correlated closely with the predicted IgG index from 
the adjusted body weight (11.2), prior to weight loss 
(Table  1). The post weight reduction IgG index (11.35) 
takes into account the increased serum IgG and reduced 
SCIG dose following weight loss. As noted above, the 
decreased extracellular fluid compartment following 
loss of adipose tissue presumably explains the increas-
ing serum IgG levels (Fig. 1). Other derived body weight 
parameters such as lean body mass and ideal body weight 
do not effectively model for this increased extracellu-
lar fluid compartment in obesity. They did not correlate 
closely with the post weight loss IgG index (Table 1).

The IgG index calculation in this patient supports bas-
ing initial loading doses of IVIG on adjusted body weight 
rather than actual body weight or ideal body weight 
(Table  1) in obese PID patients. As noted above subse-
quent maintenance SCIG/IVIG doses are based on the 
patient’s clinical response. A lower IVIG loading dose 
in obese PID patients has many advantages. There is an 
obvious fiscal benefit. The Hospital stay will shortened 
for the first visit and there are other advantages includ-
ing a lower risk of thrombosis and cardiovascular adverse 
events from the large initial infusion [7].

Table 2 Clinical features and laboratory investigations

Clinical symptoms Recurrent infections
Bronchiectasis

Family history of hypogammaglobu-
linemia

Daughter with CVID

Hb (130–190 g/l) 118

Neutrophils (1.9–7.5 × E + 9/l) 1.9

Platelets (150–400× E + 9/l) 208

IgG (7–14 g/l) 3.5

IgA (0.8–4 g/l) < 0.07

IgM (0.4–2.5 g/l) 0.4

Autoantibodies Nil

Immunophenotype B cells present

Switched memory B cells 
(CD19+ CD27+ , IgD−: NR 5–21)

1.8

Tetanus pre/post (IU/ml) 0.64/0.52

Diphtheria pre/post (IU/ml) 0.03/0.08

HIB pre/post µg/ml 0.16/0.37

Pneumovax® pre/post* (serotypes 
> 1.3 µg/ml/23)

0/0

Vaccine durability Not done

Sequence variations WES: no causative mutation

Relevant histology Nil

T cell responses Normal lectin responses
Normal responses to tetanus, 

diphtheria and candida

Diagnosis CVID (Ameratunga et al. criteria)

Treatment IVIG/SCIG
Bariatric surgery

Clinical outcome Well

Fig. 1 The patient’s peak weight was 132 kg. She was able to reduce 
her weight to 110 kg at the time of surgery in December 2015. She 
was initially treated with IVIG IN October 2012 and then changed to 
SCIG in October 2013. Her SCIG dose was 14.4 g every week. It was 
reduced to 13.6 g weekly in November 2016 and 12.8 g weekly in 
January 2017. Prior to weight loss, her trough immunoglobulin level 
was approximately 7 g/l. Her latest IgG in May 2017 was 9.2 g/l, in 
spite of a 20% reduction in SCIG dose. Arrows depict the changes in 
treatment
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Whether this observation indicates a lower IVIG dose 
can be used in obese patients with autoimmune or inflam-
matory disorders is less certain. As in other parts of the 
world, autoimmune and inflammatory disorders now 
account of the majority of IVIG usage in New Zealand [16]. 
Immunomodulatory IVIG doses are typically 2 g/kg, given 
over 2-5 days. The high peak IgG levels may be important 
for efficacy in autoimmune and inflammatory disorders 
compared with PIDs, where the steady state during main-
tenance may be more relevant. Recent studies from Canada 
provided data that using adjusted body weight can result 
in major cost savings [8, 17]. However, efficacy data was 
not provided, which is an important consideration, when 
adjusting IVIG doses. While there may have been immedi-
ate cost savings from a lower dose of IVIG, there is a risk of 
reduced efficacy, which could result in downstream costs to 
the health system [7]. Lower IVIG doses based on adjusted 
body weight in autoimmune and inflammatory disorders 
will have to be validated in future trials.

Obesity is currently a global public health problem. 
Bariatric surgery is being increasingly offered to patients 
with morbid obesity, when other interventions have 
failed. In these patients, there are many health benefits 
from weight reduction including reduced risk of diabe-
tes, hypertension, coronary artery disease and osteoar-
thritis [18]. Generally patients with a BMI > 30 who have 
co-morbidities are considered suitable candidates for 
bariatric surgery. Co-morbidities qualifying for bariatric 
surgery include diabetes, hypertension and joint symp-
toms. In many countries, there are age limits also. Con-
sensus criteria exclude patients with obesity secondary 
to endocrine disorders as well as those who have serious 
psychological disorders.

Bariatric surgical procedures are in evolution [18]. 
There are several surgical options including Roux-en-Y 
gastric bypass, sleeve gastrectomy, duodenal switch and 
adjustable gastric banding. Each of these procedures has 
its own advantages and disadvantages. Most procedures 
are carried out laparoscopically, which has many benefits, 
including reduced surgical morbidity. As seen here PID 
patients with bronchiectasis appear to tolerate this pro-
cedure well.

While there are many advantages of weight reduction, 
there are significant surgical risks and metabolic com-
plications that must be factored when considering this 
option. Currently operative mortality is approximately 
three cases per 1000 [18]. Patients accepted for such sur-
gical procedures undergo intensive counselling and are 
encouraged to undergo presurgical weight loss under 
the supervision of the dietician in the Bariatric surgical 
team. My patient was able to lose almost 10 kg prior to 
surgery (Fig. 1). Following surgery, she was seen regularly 

for nutritional advice and monitoring by the bariatric 
surgical team. Her weight has stabilised at approximately 
63  kg and she no longer suffers from hypertension or 
pre-diabetes.

My observation shows that the absolute SCIG/IVIG 
requirements will substantially decrease following bari-
atric surgery in an individual patient. I have calculated 
a direct cost saving of $10,400 per year based on her 
reduced SCIG requirements. Over 30  years this saving 
alone will more than cover the cost of the procedure. She 
did not meet the strict NZ criteria for publically funded 
bariatric surgery but the economic argument presented 
here was an important factor in her qualifying for the 
procedure. The expected cost savings are materialising. 
The reduction in immunoglobulin requirements in future 
PID patients should be factored when a cost–benefit 
analysis is undertaken.

While this is a single observation, the patient served 
as her own historical control. This controls for patient 
related factors including bronchiectasis, genotype of 
the FcRn receptor etc. Given the increasing prevalence 
of obesity, there will be other PID patients receiving 
SCIG/IVIG who undergo weight reduction surgery in 
the future. It will be important to carefully document 
their weight loss and to compare it with their SCIG/IVIG 
requirements. Observations from such patients may be 
the most convincing evidence that adjusted body weight 
is the best parameter to base initial loading doses of IVIG 
in patients with PIDs.

Acknowledgements
I thank the patient for permission to publish this case for the benefit of others. 
I thank Dr. Michael Booth for his comments on Bariatric surgery.

Competing interests
The author declares no competing interests.

Consent to publish
The patient has consented to publishing this report. There are no impedi-
ments to publish.

Data
There are no additional data.

Ethics approval and consent to participate
This is standard treatment. There are no ethics issues relating to standard clini-
cal practice. This is not an interventional study.

Funding
This study was internally funded.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 12 August 2017   Accepted: 25 October 2017



Page 5 of 5Ameratunga  Allergy Asthma Clin Immunol  (2017) 13:47 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

References
 1. Orange JS, Belohradsky BH, Berger M, Borte M, Hagan J, Jolles S, et al. 

Evaluation of correlation between dose and clinical outcomes in sub-
cutaneous immunoglobulin replacement therapy. Clin Exp Immunol. 
2012;169(2):172–81.

 2. Orange JS, Grossman WJ, Navickis RJ, Wilkes MM. Impact of trough IgG on 
pneumonia incidence in primary immunodeficiency: a meta-analysis of 
clinical studies. Clin Immunol. 2010;137(1):21–30.

 3. Hodkinson JP, Lucas M, Lee M, Harrison M, Lunn MP, Chapel H. Therapeu-
tic immunoglobulin should be dosed by clinical outcome rather than by 
body weight in obese patients. Clin Exp Immunol. 2015;181(1):179–87.

 4. Berger M. Choices in IgG replacement therapy for primary immune 
deficiency diseases: subcutaneous IgG vs. intravenous IgG and selecting 
an optimal dose. Curr Opin Allergy Clin Immunol. 2011;11(6):532–8.

 5. Bonagura VR. Dose and outcomes in primary immunodeficiency disor-
ders. Clin Exp Immunol. 2014;178(Suppl 1):7–9.

 6. Bonagura VR. Using intravenous immunoglobulin (IVIG) to treat patients 
with primary immune deficiency disease. J Clin Immunol. 2013;33(Suppl 
2):S90–4.

 7. Hodkinson JP. Considerations for dosing immunoglobulin in obese 
patients. Clin Exp Immunol. 2017;188(3):353–62.

 8. Rocchio MA, Hussey AP, Southard RA, Szumita PM. Impact of ideal body 
weight dosing for all inpatient i.v. immune globulin indications. Am J 
Health Syst Pharm. 2013;70(9):751–2.

 9. Empson M, Sinclair J, O’Donnell J, Ameratunga R, Fitzharris P, Steele R. The 
assessment and management of primary antibody deficiency. NZ Med J. 
2004;117(1195):U914.

 10. Ameratunga R, Woon ST, Gillis D, Koopmans W, Steele R. New diagnostic 
criteria for common variable immune deficiency (CVID), which may assist 
with decisions to treat with intravenous or subcutaneous immunoglobu-
lin. Clin Exp Immunol. 2013;174(2):203–11.

 11. Ameratunga R, Brewerton M, Slade C, Jordan A, Gillis D, Steele R, et al. 
Comparison of diagnostic criteria for common variable immunodefi-
ciency disorder. Front Immunol. 2014;5:415.

 12. Ameratunga R, Storey P, Barker R, Jordan A, Koopmans W, Woon ST. 
Application of diagnostic and treatment criteria for common variable 
immunodeficiency disorder. Expert Rev Clin Immunol. 2015;12(3):257–66.

 13. Ameratunga R, Lehnert K, Woon ST, Gillis D, Bryant VL, Slade CA, et al. 
Review: diagnosing common variable immunodeficiency disorder in the 
era of genome sequencing. Clin Rev Allergy Immunol. 2017; (in press).

 14. Ameratunga R, Koopmans W, Woon ST, Leung E, Lehnert K, Slade C, et al. 
Epistatic interactions between mutations of TACI (TNFRS13B) and TCF3 
result in a severe primary immunodeficiency disorder and systemic lupus 
erythematosus. Clin Trans Immunol. 2017; (in press).

 15. Khan S, Grimbacher B, Boecking C, Chee R, Allgar V, Holding S, et al. 
Serum trough IgG level and annual intravenous immunoglobulin dose 
are not related to body size in patients on regular replacement therapy. 
Drug Metab Lett. 2011;5(2):132–6.

 16. Ameratunga R, Steele R, Jordan A, Preece K, Barker R, Brewerton M, et al. 
The case for a national service for primary immune deficiency disorders 
in New Zealand. NZ Med J. 2016;129(1436):75–90.

 17. Chow S, Salmasi G, Callum JL, Lin Y. Trimming the fat with an IVIG 
approval process. Transfus Apheresis Sci. 2012;46(3):349–52.

 18. Nguyen NT, Varela JE. Bariatric surgery for obesity and metabolic disor-
ders: state of the art. Nat Rev Gastroenterol Hepatol. 2017;14(3):160–69. 
doi:10.1038/nrgastro.2016.170.

https://doi.org/10.1038/nrgastro.2016.170

	Initial intravenous immunoglobulin doses should be based on adjusted body weight in obese patients with primary immunodeficiency disorders
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References




