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     LEARNING OBJECTIVES 
   •    Review evi dence of the impact of body weight on FVIII in vivo recov ery 
  •    Review evi dence of using ideal body weight for FVIII dos ing in over weight and obese per sons with hemo philia A  

  CLINICAL CASE    
  A 35  year  old man with severe hemo philia A and a body mass 
index (BMI) of 38 (height, 180   cm; weight, 123    kg) pres ents 
for his annual com pre hen sive care visit. He is on pro phy laxis 
using fac tor replace ment ther apy with a recom bi nant stan
dard half  life coag u la tion fac tor VIII (FVIII) prod uct that is 
dosed according to actual body weight (ABW). He reports 
zero spon ta ne ous joint bleeds over the past 12 months. He 
has an upcom ing elec tive lap a ro scopic cho le cys tec tomy 
for symp tom atic cho le li thi a sis. His hema tol o gist won ders if 
his perioperative dos ing as well as pro phy laxis dos ing of 
FVIII should be adjusted con sid er ing his increased BW.  

 Introduction 
 For per sons with hemo philia A, fac tor replace ment ther apy 
with FVIII con cen trates is the cor ner stone of treat ment for 
man ag ing and pre vent ing bleed ing epi sodes. FVIII con cen
trate is typ i cally dosed on a per  kilo gram basis. The num ber 
of FVIII units needed to achieve a desired cir cu lat ing FVIII 
level is empir i cally cal cu lated using the   fol low ing for mula: 

FVIII dose =
BW in kg  ×  desired FVIII increase  IUdL( )

2

 This for mula is based on a FVIII in vivo recov ery (IVR) of 
2, which assumes that each unit of FVIII con cen trate infused 
per kilo gram of BW increases the cir cu lat ing FVIII level by 
2 IU / dL. 1  The IVR of 2 was fi rst described in 1981 by Ingram 
based on data from 19 per sons with hemo philia A with an 
ABW between 27 and 91    kg. 1  He con cluded that the dose 
cal cu la tion using a plasma vol ume of 0.5     dL / kg applies if 

the per son ’ s phys i cal build does not mark edly dif fer from 
the aver age. Despite this caveat, the IVR of 2 has been 
adopted widely for FVIII dose cal cu la tions irrespective of 
body com po si tion. With over 31 %  of the US hemo philia 
pop u la tion clas si fi ed as obese, the appro pri ate ness of an 
IVR of 2 as a  “ one  size  fi ts  all  ”  approach in this pop u la tion 
is ques tion able. 2  

 Impact of body com po si tion on FVIII IVR 
 In per sons who are over weight or obese, the rise in BW is 
pri mar ily the result of increased adi pose tis sue, which con
tains less vas cu lar space than lean mass. The plasma vol ume 
per kilo gram of BW decreases as BW increases, resulting in 
a lower plasma vol ume per kilo gram of BW. 3  Since FVIII is 
pri mar ily restricted to the vas cu lar com part ment, the same 
amount of FVIII con cen trate (in units per kilo gram) infused 
in an obese per son likely results in a higher cir cu lat ing plas
ma FVIII level com pared to a nonobese per son. 4  

 Several clin i cal stud ies have dem on strated that FVIII IVR 
increases with increas ing BMI and BW ( Table 1 ). 5 - 8  The IVR 
is cal cu lated by   

IVR =
BW in kg  ×   observed FVIII recovery in IUdL−preinfusion FVIII in

IU
dL ( )

FVIII dose in IU

 In addi tion, a pop u la tion phar ma co ki netic (PK) mod el
ing study found that changes in ideal body weight (IBW) 
account for the most sig nifi   cant amount of inter in di vid
ual FVIII PK var i abil ity. 9  Given these fi nd ings, this minire
view seeks to com pare the evi dence for IBW vs ABW for 
the dos ing of FVIII in over weight and obese per sons with 
 hemo philia A. 

EVIDENCE-BASED MINIREVIEW
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Methods
We conducted a sys tem atic search of MEDLINE, Embase, and the 
Cochrane Database of Systematic Reviews from 1 Jan u ary 1981 
to 10 May 2021. Our search included MeSH and the key words 
“hemo philia A,” “phar ma co ki netic,” and “dose” and yielded 830 
abstracts (Figure 1). References of the resulting stud ies and nar
ra tive reviews were screened. There were 594 unique arti cles 
after 236 dupli cates were removed. Of the unique arti cles, 181 
were review papers, 117 were eval u at ing new fac tor con cen
trates, 87 were case reports and alter na tive trial designs, 68 in
volved non fac tor ther apy, 49 involved inhib i tor patients, 38 were 
not on hemo philia A, and 27 had no weight infor ma tion. Fulltext 
reviews by 2 inde pen dent review ers were conducted on the 27 
remaining arti cles, and 3 stud ies were ulti mately included: 1 ret
ro spec tive obser va tional study and 2 cross over tri als.10-12

Results
All three stud ies used dif fer ent out come mea sures: peak FVIII 
lev els after a 50 IU/kg dose and clin i cal effec tive ness10; per cent
age of actual FVIII recov ery lev els over expected lev els after a  
50 IU/kg dose11; and FVIII IVR (Table 2).12 Graham et al performed 
a ret ro spec tive study reporting peak FVIII lev els for 6 adults 
with BMIs ≥30 treated with recom bi nant FVIII 50 IU/kg dosed 
by IBW.10 These patients had been previously receiving recom
binant FVIII at 50 IU/kg dosed by ABW for prophylaxis or were  
undergoing surgery. With IBW dos ing, 5 of the 6 patients 
achieved expected mean peak FVIII lev els of 100%. The patient 
with the low est peak level (78%) had the highest weight (151   kg, 
BMI 45.8) and was retreated with IBW plus 25%, resulting in a 
peak FVIII level of 107%. During the 3month pro phy laxis and/or 
sur gi cal period for each patient, there was no increase in spon ta
ne ous or trau matic bleeds and no unex pected bleed ing or trans
fu sion require ment with sur gery.

Blair et al conducted a cross over trial of both ABW and IBW 
dos ing in 16 adults and chil dren (median BMI 33.1; range, 25.6

41.8) and com pared actual FVIII recov ery lev els with expected
recov ery lev els after a FVIII 50 IU/kg dose.11 Participants used 
their per sonal brand of fac tor, and both stan dard and extended 
halflife prod ucts were included. With ABW dos ing, 15 of 16 
patients achieved aboveexpected recov ery rang ing from 0.1 to 
0.96 above expected (mean, 0.44). In the IBW dos ing arm, 8 of 16 
patients achieved aboveexpected recov ery (range, 0.01-0.37). 
Of the 8 patients who did not achieve aboveexpected recov ery, 
6 were within 10% from expectedrecov ery.

The sec ond cross over trial, a 3 × 3 × 3 design of ABW vs IBW vs 
lean body mass (LBM), was conducted in 19 adults (mean BMI, 
29.5) to deter mine which descrip tors of BW achieved the tar
geted IVR of 2 with bet ter pre ci sion.12 The mean IVR postrecom
binant fac tor VIII (rFVIII) infu sion for ABW, LBM, and IBWbased 
dos ing was 2.46, 2.22, and 2.29, respec tively. The pro por tion of 
par tic i pants with an IVR of 2.00% ± 10% was 31.1%, 44.2%, and 
49.0% for ABW, LBM, and IBWbased dos ing, respec tively.

Discussion
Our sys tem atic minireview iden ti fied 2 pro spec tive cross over 
stud ies that directly com pared IBW to ABW dos ing of FVIII con
cen trates and 1 ret ro spec tive study that com pared IBW dos ing 
to his tor i cal ABW dos ing in over weight and obese per sons with 
hemo philia A.10-12 A con cern with using IBW is the risk of under
dosing, resulting in sub ther a peu tic FVIII lev els and increased risk 
of bleed ing. Overall, these 3 stud ies dem on strated favor able 
out comes using dif fer ent PK mea sures when dosed by IBW and 
sup port the use of IBW to per form indi vid u al ized PK anal y sis in 
over weight and obese per sons with hemo philia A.

Despite favor able PK mea sures, a clin i cal con cern is hemo static 
effec tive ness when using IBW for dos ing FVIII con cen trates. Of 
the stud ies iden ti fied, only the ret ro spec tive study by Graham et 
al pro vided 3 months of data on hemostastic effec tive ness for the 
IBW dos ing strat egy.10 Even though the hemo static effec tive ness 
of IBW dos ing was favor able in both the perioperative and pro

Table 1. Summary of clin i cal stud ies eval u at ing FVIII IVR strat i fied by BMI

Reference
Study design  
(age, years) n

Intervention (median IU, 
range) BMI groups (kg/m2) (n) IVR (IU dL−1/IU kg−1)

Strongest pre dic tor 
of IVR

Henrard et al5 Prospective obser va tional 
(mean, 40.4 ± 12.3)

46 A dose of rFVIII (2000, 
980-4200)

18.5-24.9 (26)
25.0-29.9 (14)

≥30.0 (6)

1.88
2.30
2.70

BW

Henrard et al6 Retrospective pooled 
anal y sis of 8 PK tri als 
(median, 26; IQR, 
21-38)

201 A dose of rFVIII (3745, 
1953-8794)

<18.5 (9)
18.5-24.9 (105)
25.0-29.9 (52)

>30.0 (35)

1.72
2.03
2.18
2.68

BMI

Henrard et al7 Retrospective pool 
anal y sis of 6 PK tri als 
(median, 14.5; IQR, 
12.8-15.6)a

66 A dose of rFVIII (2778, 
1675-5420)

Normal (43)
Overweight (7)

Obese (16)b

1.93
2.12
2.65

BMIforage

Tiede et al8 Prospective obser va tional 
(mean, 37.4; range, 
23.0-57.0)

35 rFVIII 50 IU/kg by ABW <18.5 (5)
18.5-24.9 (7)
25.0-29.9 (9)
30.0-34.9 (7)

≥35 (7)

2.2c

2.9c

2.9c

3.2c

3.5c

BMI

aOnly trial in chil dren.
bBased on the BMIforage per cen tiles (nor mal, 5th84th; over weight, 85th94th; obese, >95th).
cEnd point reported as IVR at 30 min utes using a geo met ric mean.
IQR, interquartile range.
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Table 2. Findings of 3 stud ies eval u at ing out comes based on IBW

Reference
Study design 
(age, years) n Intervention

Mean (range)

Achieved peak FVIII 
level or expected 
recov ery or IVRABW (kg) BMI IBW

Peak FVIII level or 
expected recov ery 
or IVR

Grahamet al10 Retrospective 
(median, 
33; range, 
25-47)

6 rFVIII 50 IU/kg 
by IBW

116 (91-151) 36.0 (30.0-45.8) 74.4 (67.0-
84.5)

Peak FVIII level 100% 
(78-123)

83% (5 of 6)a

Blair et al11 Prospective 
cross over 
(median, 
21.5; range, 
12-53)

16 FVIII 50 IU/kg 
(±20%) by 
both ABW 
and IBW

NR Median, 33.1 (25.6-41.8) NR ABW, 140% expected 
recov ery (83-196);

IBW, 100% expected 
recov ery (56-137)

ABW, 94% (15 of 16)b;
IBW, 87.5% (14 of 16)b

Seaman et al12 Prospective 
cross over 
(mean, 
34.6 ± 11.3)

19 A dose of rFVIII 
based on 
ABW, IBW, 
and LBM and 
an IVR of 2.0

93.0 ± 13.6 29.2 ± 3.5 (Max, 38.3) 73.6 ± 6.3 ABW: IVR, 2.46;
IBW: IVR, 2.29;
LBM: IVR, 2.22

ABW, 31.1%c;
IBW, 49.0%c;
LBM, 44.2%c

aAbove expected peak FVIII level of 100% or within 10% below expected peak FVIII level.
bAbove expected recov ery or within 10% below expected recov ery.
cWithin 10% of targeted IVR of 2.00.
LBW, lean body weight.

830 records iden�fied through MEDLINE (156), 
EMBASE (459) and Cochrane database (215) 

594 records screened by abstract a�er 236 
duplicates removed  567 ar�cles excluded 

• Review papers (181) 
• New factor product study (117) 
• Other trial designs/ case reports (87) 
• Nonfactor therapy (68) 
• Inhibitor pa�ents (49) 
• Wrong disease (38) 
• No weight informa�on (27) 27 full-text reviewed for eligibility 

3 ar�cles included 

24 ar�cles excluded 

• No weight comparison (18) 
• Review papers (2) 
• Other trial designs (3) 
• Alterna�ve dosing schedule (1) 

Figure 1. Study flow diagram.
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phy laxis set ting, this study was lim ited by the small sam ple size of 
6 adults. Particularly in the perioperative set ting, the appli ca tion 
of IBW dos ing seems appeal ing to avoid over treat ment with the 
unnec es sary high FVIII peaks asso ci ated with ABW dos ing, which 
could lead to com pli ca tions such as throm bo sis and inhib i tor 
devel op ment, espe cially in per sons with nonsevere hemo philia 
A who have life long inhib i tor risk.13 A casecon trol study found 
that inten sive FVIII treat ment was a risk fac tor for inhib i tor devel
op ment in per sons with nonsevere hemo philia A even after more 
than 50 expo sure days.14 Larger cohort stud ies with longterm 
fol lowup are crit i cal to fully eval u ate the effec tive ness of dos ing 
FVIII by IBW in both the perioperative and pro phy laxis set ting. 
Additionally, given the cost of FVIII con cen trates, dos ing based 
on IBW is a costsav ings approach if hemo static effec tive ness is 
com pa ra ble to ABW dos ing. Graham et al cal cu lated that IBW 
dos ing resulted in a 48.9% reduc tion in FVIII usage dur ing the 
3month period, with an annu al ized mean sav ings of $133,000 per 
patient.10 However, with out robust effec tive ness data, it is dif fi
cult to judge the costeffec tive ness of IBW dos ing at this time.

While body com po si tion has a dem on strated impact on FVIII 
PKs, it should be remem bered that other fac tors may play a role 
and should also be con sid ered.15 Age has been iden ti fied as an 
inde pen dent mod i fier of FVIII clear ance, with increased clear
ance seen in early child hood.16 von Willebrand fac tor lev els and 
the ABO blood group are noted to alter FVIII clear ance but were 
not found to be sig nifi  cant deter mi na tes of IVR in the stud ies 
reviewed.5,6,8 Individual PKs also vary between fac tor concen
trate products (recom bi nant, plasmaderived, and extended 
halflife), and the stud ies included in this review only eval u ated 
recom bi nant prod ucts. Overall, even though numer ous indi
vid ual fac tors can account for inter in di vid ual PK pro files, body 
com po si tions appear to be the stron gest deter mi nate.5,6,8

In sum mary, although con clu sive rec om men da tions can not 
be made based on the small num ber of stud ies and the lack of 
stan dard i za tion of out comes, we sug gest the fol low ing:

 1. For overweight and obese persons with hemophilia A, we 
suggest that an individualized PK analysis be performed using 
IBW to determine adequate FVIII in vivo recovery (Grade 2B).

 2. If there is adequate FVIII in vivo recovery, we suggest using an 
IBW dosing strategy in the perioperative setting (Grade 2C).

 3.  If there is adequate FVIII in vivo recovery, we suggest using 
an IBW dosing strategy in the prophylaxis setting (Grade 2C).

We empha size the need for larger and longterm clin i cal 
stud ies to deter mine the hemo static effec tive ness of using 
an IBW dos ing strat egy in the perioperative and pro phy laxis 
set ting.
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