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ABSTRACT

Background: There has been remarkable progress in hemophilia A (HA) treatment in Korea. 
Viral inactivation products were developed in 1989, use of recombinant factor VIII (FVIII) 
concentrates started in 2002, and prophylaxis expanded thereafter. This study was conducted 
to identify the changes in complications in HA before and after 1989 or 2002.
Methods: The study was performed using the 2007–2019 Healthcare Big Data Hub of the 
Health Insurance Review and Assessment Service.
Results: Among 2,557 patients, 1,084 had ≥ 1 complication; 829 had joint problems, 328 had 
viral infections, 146 had neurologic sequelae, and 87 underwent 113 surgeries or procedures 
due to complications. Patients born after 1989 had a significantly lower risk of viral infections 
than those born before 1989; 27.1% vs. 1.4% (P < 0.001, odds ratio [OR], 0.037). Patients 
born after 2002 had a significantly lower risk of joint problems than those born before 2002; 
36.8% vs. 24.7% (P < 0.001, OR, 0.538). Patients born after 2002 had a higher incidence of 
neurologic sequelae than those born before 2002; 3.7% vs. 11.1% (P < 0.001, OR, 3.210). 
Medical expenses for complication-associated surgeries or procedures were ₩2,957,557,005.
Conclusion: Viral infections have significantly decreased in Korean patients with HA. The 
degree of reduction of joint problems was lower than we expected, because it took > 10 years 
to expand prophylaxis widely. Neurologic sequelae have not decreased; thus, additional 
efforts to decrease intracranial hemorrhage are needed. We suggest personalized dosing of 
FVIII and more meticulous care during childbirth to further reduce the complications.
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INTRODUCTION

Hemophilia A (HA) is an X-linked recessive coagulation disorder caused by a mutation in the 
factor VIII (FVIII) gene with an incidence of one in 5,000 male live births.1,2 HA is classified 
as severe (FVIII activity < 1%), moderate (FVIII activity 2–5%), or mild (FVIII activity 6–30%), 
based on the degree of FVIII deficiency.1,2 Although patients with mild HA generally bleed 
only after trauma or surgery, those with severe HA experience frequent spontaneous 
hemorrhagic episodes without any trauma.2 The damaging impact of hemarthrosis, the 
hallmark of hemophilia, on the life of patients is well established.3 Hemophilic arthropathy 
is a serious complication from repeated hemarthrosis, commonly called a “target joint,” 
and ultimately results in joint deformity and disability.4 Further, intracranial hemorrhage 
(ICH) is the main cause of mortality and morbidity in patients with hemophilia.5 ICH 
occurs spontaneously or following trauma and can result in various sequelae including 
developmental delay, epilepsy, or cerebral palsy.5

Modern treatment of hemophilia started in the 1970s and was based on human plasma-
derived FVIII concentrates (pdFVIIIc).3 The availability of FVIII replacement therapy has 
significantly improved the life span and quality of life (QoL) of patients with hemophilia.3,6 
However, prior to the use of virus inactivation procedures in pdFVIIIc, patients with 
hemophilia had a high risk of infection with blood-borne viruses such as hepatitis B 
virus (HBV), hepatitis C virus (HCV), or human immunodeficiency virus (HIV).2 The 
aforementioned viral infections are associated with the morbidity and mortality of patients 
with hemophilia because they can cause chronic hepatitis or malignant neoplasm.7 These 
serious complications have been reduced following the development of virus inactivation 
techniques and use of recombinant FVIII concentrates (rFVIIIc) in patients with HA.8 Further, 
early prophylaxis with coagulation factor during childhood, before developing repeated 
hemarthrosis, resulted in protection of the joint compared to delayed prophylaxis or on-
demand therapy.9,10

In Korea, there was no effective treatment for HA before the 1970s.11 The production of 
low-purity plasma-derived products enriched with FVIII started in 1974.11,12 However, these 
plasma products were only used for severe bleeding episodes or emergent surgery.11 Thus, 
the mortality rate of Korean patients with HA in the 1970s was very high; the average life 
span was < 30 years.11 Further, these plasma products were in limited production and had a 
risk of spreading various viral diseases including HBV or HCV.11 Since the 1980s, these low-
purity products have been replaced by pdFVIIIc with improved purity and viral inactivation.12 
Since 1989, pdFVIIIc with inactivated viruses using the solvent/detergent method (Octa-B®; 
Green Cross, Yongin, Korea), has been produced and used domestically.13 Since the method 
had no inactivating effect on hepatitis A virus or Parvovirus B19 (these do not have lipid 
membranes), a high-purity pdFVIIIc (GreenMono®; Green Cross) was manufactured with 
the use of monoclonal antibodies; it is still in use.14 Further, rFVIIIc was first launched in 
2002 for Korean newborns with HA. The prophylactic use of rFVIIIc was initially expanded 
for pediatric patients and then for patients of all age groups in 2018. The history of the 
management of HA in Korea is shown in Fig. 1.

In other words, before 1989, Korean patients with HA were only able to use plasma-derived 
products with a high risk of viral infection, and before 2002, they could not receive adequate 
prophylaxis with rFVIIIc. In recent years, non-factor products, including emicizumab, 
have been applied to hemophilia patients with excellent outcomes.15 In Korea, the FVIII 
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concentrate is mainly used in managing patients with HA without inhibitors because of the 
Korean National Health Insurance Service (NHIS) and the opinions of Korean experts.16 
Considering the history of the management of HA in Korea, we can expect that older 
patients with HA who received pdFVIIIc, mainly on-demand therapy, are more likely to 
have complications. Further, newly diagnosed neonates or infants with HA who will receive 
non-factor agents in the future are expected to have different distribution of complications 
compared to older patients. However, there are no baseline data regarding the frequency of 
complications in Korean patients with HA.

In the Republic of Korea, the NHIS is available for all citizens. According to Korean law, all 
citizens are enrolled in the NHIS regardless of individual preference. In particular, HA is 
classified as a ‘rare and incurable disease’ in Korea; therefore, when registering a disease 
code for HA, the patient only pays 10% of the treatment cost. In addition, owing to the ‘out-
of-pocket limit,’ patients with HA will receive a refund for the amount in excess of the ‘out-
of-pocket limit.’ Thus, virtually the costs of the FVIII concentrate for HA patients are borne 
by the country. The data of all Korean patients with HA are enrolled into the Korean Health 
Insurance Review and Assessment Service (HIRA) database.

However, additional costs are incurred when surgeries or procedures are performed on 
the patients due to the complications related to HA. Thus, in this study, we investigated 
the incidence of complications before and after 1989 or 2002 in patients with HA using the 
Korean HIRA database. We also investigated the surgeries or procedures resulting from HA 
complications and the medical costs associated with them.

METHODS

Data source and subject collection
This is a nationwide study by the Benign Hematology Committee of the Korean Pediatric 
Hematology-Oncology Group. This study analyzed data of Korean patients from the 
Healthcare Big Data Hub of the HIRA (https://opendata.hira.or.kr/home.do). The study 
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1960's 1970's 1980's 1990's 2000's 2010's 2020's

1974: Plasma-derived products containing FVIII

2002: rFVIIIc for newborns
2004: Expansion of prophylaxis with rFVIIIc for ‘born since 1988’
2007: Expansion of prophylaxis with rFVIIIc for ‘born since 1983’

1989: Plasma-derived FVIII concentrates
with improved purity and viral inactivation

2018: Expansion of prophylaxis with 
rFVIIIc expansion for all age

Fig. 1. History of the development of management for Korean hemophilia A. 
FVIII = factor VIII, rFVIIIc = recombinant factor VIII concentrate.
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number is M20200409450. The subjects of this study were HA patients who visited a hospital 
from January 1, 2007 to December 31, 2019 in Korea. The analysis period was from December 
21, 2020 to January 11, 2022.

The inclusion criteria were as follows: Korean patients with HA (hereditary FVIII deficiency, 
International Classification of Diseases [ICD]-10 code D66) who visited the hospital 
between 2007 and 2019. The exclusion criteria were as follows: patients with acquired 
hemophilia (acquired coagulation factor deficiency, ICD-10 code D68.4) and patients with 
factor deficiency other than FVIII; ICD-10 code D67 (factor IX deficiency or hemophilia 
B), D68 (von Willebrand disease), D68.1 (factor XI deficiency or hemophilia C), and D68.2 
(factor I [fibrinogen], II, V, VII, X, XII, or XIII deficiency). Patients with HA with inhibitors 
were defined as those who were repeatedly treated with an activated prothrombin complex 
concentrate (aPCC, FEIBA™; Baxter, Vienna, Austria) or recombinant activated factor VII 
(rFVIIa, NovoSeven®; Novo Nordisk, Bagsvaerd, Denmark). The drug codes according to the 
Korean NHIS used to identify aPCC or rFVIIa are shown in Supplementary Table 1.

Data collection of complications associated with HA
The data of patients with ICD-10 codes for viral infections (chronic hepatitis B, chronic 
hepatitis C, or HIV infection) were collected. In the patients with viral infections, the 
coexistence of ICD-10 codes for hepatic complications (chronic hepatic failure, fibrosis/
cirrhosis of the liver, esophageal varices, or malignant neoplasm of the liver) were also 
checked. The data of patients with ICD-10 codes for joint problems (arthropathy, arthritis, 
arthrosis, joint derangements, joint disorders, or hemarthrosis) or neurologic sequelae 
(ICHs, epilepsy, cerebral palsy, hemiplegia, paraplegia, or tetraplegia) were collected. The 
ICD-10 codes used to identify the aforementioned complications of hemophilia are shown 
in Supplementary Table 2. The data of patients with surgeries or procedure codes according 
to the Korean NHIS for orthopedic surgeries (arthroplasty, synovectomy, arthrodesis, 
or meniscectomy) were collected. Patients with codes for neurosurgeries (burr hole, 
craniotomy, or clipping of cerebral aneurysms) were collected. The clipping of cerebral 
aneurysm was included because it is also used for patients with subarachnoid hemorrhage 
for the purpose of treatment and to decrease the possibility of rebleeding. Patients with codes 
for upper gastrointestinal (UGI) endoscopic bleeding control were also included. The codes 
for surgeries or procedures used to identify the aforementioned interventions are shown in 
Supplementary Table 3.

Statistical analysis
Statistical analysis was performed using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA). The 
significance level was set at 5%. Binary logistic regression or the chi-square test was used to 
compare the risk of developing complications of HA between the independent variables. The 
Hosmer-Lemeshow goodness of fit test was used for logistic regression analysis.

A previous Korean cohort study revealed that the median life expectancy of patients with HA 
was 69 years; therefore, only the data of patients born after 1952 were analyzed.12 For viral 
infections, the children born after 2012 were excluded from the analysis because children do 
not appear to be distinctly seropositive for HBV, HCV, or HIV until they are ≥ 10 years of age.17 
Regarding joint problems, children born after 2017 were excluded from the analysis because 
the first episode of hemarthrosis generally develops when children with hemophilia start 
walking.18-20

4/12

Hemophilia A Complications in Korean Patients

https://doi.org/10.3346/jkms.2023.38.e235https://jkms.org



Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board 
of Keimyung University Dongsan Hospital (approval No. 2019-09-042). The requirement 
for informed consent was waived because it was a retrospective study, and the data were 
anonymized. The study was conducted according to the tenets of the Declaration of Helsinki.

RESULTS

Subjects
The progress of identifying and sorting the subjects are shown in Fig. 2. A total of 1,048,575 
claims for HA from 2007 to 2019 were extracted from the Korean HIRA database. After 
sorting the duplicate data, 2,557 patients with HA visited hospitals 124,009 times, including 
visiting the out-patient clinic and admissions. Among them, 2,440 patients did not have 
inhibitors and 117 patients had inhibitors. Eighty-seven patients underwent 113 surgeries or 
procedures associated with complications of HA. The patients’ distribution according to the 
year of birth is shown in Table 1.

Incidence of complications associated with HA
Among the 2,557 patients with HA, 1,084 (42.4%) had one or more complications; 855 patients 
(33.4%) with 1 complication, 214 patients (8.4%) with 2 complications, and 15 patients (0.6%) 
with 3 complications. A total of 829 patients (32.4%, 829/2,557) with HA had joint problems. 
A total of 328 patients (12.8%, 328/2,557) had viral infections; among them, 324 also had 
disease codes of hepatic complications. A total of 146 (5.7%, 146/2,557) patients had neurologic 
sequelae. The respective complications of patients with HA are shown in Table 2.

Comparing complications according to the patients’ year of birth or presence 
of inhibitors
The results of the binary logistic regression analyses are shown in Table 3. The patients born 
after 1989 had a significant lower risk of viral infections than those born before 1989; from 
27.1% (298/1,098) to 1.4% (15/1,111), P < 0.001, odds ratio (OR), 0.037, 95% confidence 
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1,048,575 claims for congenital HA
extracted from Korean HIRA database

from 2007 to 2019

2,557 patients with congenital HA
and

124,009 hospital visits

2,440 patients without inhibitors
117 patients with inhibitors

87 patients 113 invasive procedures

Duplicated data: 1,046,018
by sorting patient codes

Duplicated data: 924,566
by sorting hospital visit codes

Fig. 2. Process of identification and sorting of Korean patients with HA from the 2007–2019 Korean HIRA database. 
HA = hemophilia A, HIRA = Health Insurance Review and Assessment Service.



interval (CI), 0.022–0.062. There was no significant difference between the incidence of viral 
infections in patients with and without inhibitors (P = 0.339). The patients born after 2002 
had a lower risk of joint problems than those born before 2002; from 36.8% (662/1,797) to 
24.7% (142/576), P < 0.001, OR, 0.538, 95% CI, 0.434–0.668. The risk of developing joint 
problems was higher in patients with inhibitors than those without inhibitors (P < 0.001, OR, 
3.190, 95% CI, 2.118–4.806). Unlike the previous complications, patients born after 2002 had 
a higher incidence of neurologic sequelae than those born before 2002; from 3.7% (66/1,797) 
to 11.1% (69/617), P < 0.001, OR, 3.210, 95% CI, 2.256–4.568. The risk of developing 
neurologic sequelae was higher in patients with inhibitors than in those without inhibitors (P 
< 0.001, OR, 3.019, 95% CI, 1.697–5.373).

Medical expenditure associated with complications
A total of 87 patients underwent 113 surgeries or procedures associated with complications 
of HA during the study period. The median patient age at the time of surgeries or procedures 
was 38 years (range, 0.2–84 years). In terms of orthopedic surgery, 57 patients underwent 71 
surgeries. In terms of neurosurgery, eight patients underwent 12 surgeries. In the case of UGI 
endoscopic bleeding control, 25 patients underwent 30 procedures. The detailed information 
according to the surgeries or procedures are shown in Table 4. A total medical expense 
associated with HA complication was ₩2,957,557,005 (US$2,082,786).

DISCUSSION

In this study, we analyzed the data of complications experienced by Korean patients with 
HA from 2007 to 2019 using the HIRA database. Among the 2,557 patients, approximately 
half (42.4%) had one or more complications. Because the pdFVIIIc with inactivated viruses 
was first developed in 1989 and the rFVIIIc was first used in 2002 with subsequent expanded 
prophylactic use in Korea, the prevalence of complications was compared between patients 
born before and after 1989 or 2002. Considering the median life expectancy of Korean 

6/12

Hemophilia A Complications in Korean Patients

https://doi.org/10.3346/jkms.2023.38.e235https://jkms.org

Table 1. Distribution of complications and inhibitors according to the year of birth of Korean patients with hemophilia 
A from 2007 to 2019
Year of birth No. of patients Viral infections Joint problems Neurologic sequelae Presence of inhibitors
2017–2019 41 0 (0.0) 4 (9.8) 1 (2.4) 2 (4.9)
2012–2016 164 0 (0.0) 31 (18.9) 26 (15.9) 12 (7.3)
2007–2011 192 0 (0.0) 52 (27.1) 31 (16.1) 15 (7.8)
2002–2006 220 2 (0.9) 59 (26.8) 11 (5.0) 8 (3.6)
1997–2001 283 4 (1.4) 89 (31.4) 14 (4.9) 9 (3.2)
1992–1996 261 6 (2.3) 94 (36.0) 11 (4.2) 7 (2.7)
1987–1991 236 15 (6.4) 96 (40.7) 6 (2.5) 6 (2.5)
1982–1986 203 54 (26.6) 77 (37.9) 3 (1.5) 3 (1.5)
1977–1981 201 58 (28.9) 78 (38.8) 6 (3.0) 9 (4.5)
1972–1976 173 47 (27.2) 65 (37.6) 5 (2.9) 7 (4.0)
1967–1971 159 47 (29.6) 69 (43.4) 10 (6.3) 10 (6.3)
1962–1966 118 35 (29.7) 41 (34.8) 4 (3.4) 5 (4.2)
1957–1961 98 29 (29.6) 33 (33.7) 5 (5.1) 6 (6.1)
1952–1956 65 16 (24.6) 20 (30.8) 2 (3.1) 5 (7.7)
1947–1951 39 4 (10.3) 7 (17.9) 2 (5.1) 3 (7.7)
1942–1946 46 4 (8.7) 9 (19.6) 5 (10.9) 5 (10.9)
1937–1941 30 5 (16.7) 4 (13.3) 3 (10.0) 3 (10.0)
1932–1936 18 2 (11.1) 0 (0.0) 0 (0.0) 2 (11.1)
Before 1932 10 0 (0.0) 1 (10.0) 1 (10.0) 0 (0.0)
Total 2,557 328 829 146 117
Values are presented as number (%).
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Table 2. Number of complications in patients with HA in Korea from 2007 to 2019
Complications associated with HA No. (%)
Viral infections

Chronic hepatitis C 258 (78.7)
Chronic hepatitis B 45 (13.8)
Unspecified chronic viral hepatitis 8 (2.4)
Chronic hepatitis B and C 8 (2.4)
HIV infection 7 (2.1)
Chronic hepatitis B and HIV infection 2 (0.6)
Total 328 (100.0)

Viral infections with coexistence of hepatic complications
Chronic hepatitis 294 (90.7)
Chronic hepatitis and liver cirrhosis 14 (4.3)
Malignant neoplasm of liver, chronic hepatitis and liver cirrhosis 10 (3.1)
Malignant neoplasm of liver and chronic hepatitis 6 (1.9)
Total 324 (100.0)

Joint problems
Hemarthrosis 349 (42.1)
Hemophilic arthropathy 188 (22.7)
Arthrosis 137 (16.5)
Arthritis 86 (10.4)
Internal derangement of joint 62 (7.5)
Arthropathy 7 (0.8)
Total 829 (100.0)

Neurologic sequelae
Traumatic brain damage 52 (35.6)
Non-traumatic ICH 30 (20.5)
Epilepsy 28 (19.2)
Non-traumatic ICH and epilepsy 8 (5.5)
Non-traumatic ICH and cerebral palsy 7 (4.8)
Cerebral palsy 6 (4.1)
Epilepsy and cerebral palsy 4 (2.7)
Non-traumatic ICH and traumatic brain damage 4 (2.7)
Non-traumatic ICH, traumatic brain damage, epilepsy and cerebral palsy 3 (2.1)
Traumatic brain damage and epilepsy 2 (1.4)
Non-traumatic ICH, traumatic brain damage and cerebral palsy 1 (0.7)
Non-traumatic ICH, traumatic brain damage and epilepsy 1 (0.7)
Total 146 (100.0)

HA = hemophilia A, HIV = human immunodeficiency virus, ICH = intracranial hemorrhage.

Table 3. Results of binary logistic regression analysis of complications of hemophilia A according to the year of 
birth and presence of inhibitors
Variables Frequency of complication (%) P value Odds ratio 95% confidence 

interval
Viral infections, year of birth 1952–2011 (n = 2,209)

Year of birth, after 1989 1.4 (15/1,111) < 0.001 0.037 0.022–0.062
Year of birth, before 1989 27.1 (298/1,098) Ref.
Presence of inhibitors 17.8 (16/90) 0.339 1.344 0.733–2.466
Absence of inhibitors 14.0 (297/2,119) Ref.

Joint problems, year of birth 1952–2016 (n = 2,373)
Year of birth, after 2002 24.7 (142/576) < 0.001 0.538 0.434–0.668
Year of birth, before 2002 36.8 (662/1797) Ref.
Presence of inhibitors 58.8 (60/102) < 0.001 3.190 2.118–4.806
Absence of inhibitors 32.8 (744/2,271) Ref.

Neurologic sequelae, year of birth 1952–2019 (n = 2,414)
Year of birth, after 2002 11.1 (69/617) < 0.001 3.210 2.256–4.568
Year of birth, before 2002 3.7 (66/1,797) Ref.
Presence of inhibitors 15.4 (16/104) < 0.001 3.019 1.697–5.373
Absence of inhibitors 5.2 (119/2,310) Ref.



patients with HA, the analysis was performed for the patients who were born after 1952. 
Considering the age of developing viral infections and first hemarthrosis in patients with 
HA, the children born after 2012 were excluded from the analysis of viral infections, and the 
children born after 2017 were excluded from the analysis for joint problems. Because the 
presence of inhibitors is also an important factor related to the prevalence of complications, 
we analyzed the rate of complications according to the presence of an inhibitor. As a result, 
the incidence of viral infections was lower in patients born after 1989, and the incidence of 
joint problems was lower in patients born after 2002. However, the incidence of neurologic 
sequelae was higher in patients born after 2002. Regarding inhibitors, patients with 
inhibitors had more joint problems and neurologic sequelae than those without inhibitors. 
There was no difference in viral infections between patients with and without inhibitors.

In terms of the QoL of patients with hemophilia, HCV or HIV infection and joint limitations 
were associated with a decreased QoL in the domains of general health and vitality.21 Further, 
hemorrhagic events, infection with HCV or HIV, or having hepatic disease were the leading 
causes of death in patients with HA.7 In a systematic literature review from 2010 to 2020, 
patients with HA had a higher mortality risk than the general population.7 Considering these 
international results, we can expect that newly diagnosed Korean patients with HA will have 
an improved QoL and a decreased mortality risk with the development of therapeutic drugs. 
In the current study, Korean patients with HA born after 1989 showed a dramatically lower 
incidence of viral infections than those born before 1989. The study also found that patients 
born after 2002 had fewer joint problems. However, the degree of reduction of joint problems 
was lower than we expected, probably because the use of prophylaxis was not very common 
among all patients with HA under the Korean NHIS; it took over 10 years for the prophylactic 
use of FVIII concentrates to become widespread as shown in Fig. 1.

The occurrence of neurologic sequelae, a significant complication, did not decrease after 
the introduction of rFVIIIc and prophylaxis in this study in Korea. Similar to the current 
findings, it has been reported that ICH occurs mainly in neonates and older patients 
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Table 4. Surgeries or procedures associated with complications in Korean patients with hemophilia A from 2007 to 2019
Variables Orthopedic surgery 

(n = 71)
Neurosurgery 

(n = 12)
UGI endoscopic bleeding control 

(n = 30)
Age at procedure 39 (6–64) 8 (0–68) 42 (14–84)
Procedures, No. (%) Arthroplasty: 55 (77.5)

Excision of joint including 
synovectomy: 13 (18.3)

Arthrodesis: 2 (2.8)

Meniscectomy: 1 (1.4)

Craniotomy for evacuation of 
hematoma: 9 (75.0)

Burr hole: 2 (16.7)

Clipping of cerebral aneurysm: 1 (8.3)

Admission duration, days 16 (3–52) 14 (3–47) 7 (1–71)
Cost of admission
₩ 27,438,908 (4,131,338–70,220,646) 27,771,901 (4,045,095–118,005,561) 25,004,892 (361,031–86,376,408)
US$ 19,248 (2,898–49,260) 19,482 (2,837–82,782) 17,541 (253–60,594)

Cost of FVIIIc (₩)
₩ 23,753,216 (2,022,504–58,964,895) 12,267,534 (508,486–89,395,936) 20,075,590 (1,398,220–48,101,954)
US$ 16,663 (1,419–41,364) 8,606 (357–62,712) 14,083 (981–33,744)

Additional medical expenses excluding FVIIIc
₩ 5,645,278 (1,256,903–11,401,117) 5,685,221 (3,536,609–28,718,583) 5,472,466 (295,400–38,274,454)
US$ 3,960 (882–7,998) 3,988 (2,481–20,146) 3,839 (207–26,850)

Total cost, ₩ (US$) 2,957,557,005 (2,082,786)
Total cost of additional medical expenses excluding FVIIIc, ₩ (US$) 686,674,295 (483,573)
Values are presented as median (range).
UGI = upper gastrointestinal, FVIIIc = factor VIII concentrate.



with hemophilia.22 ICH is a major cause of mortality in patients with hemophilia, and its 
morbidity is considerable in surviving pediatric patients resulting in psycho-intellectual 
sequelae and neurological impairment.23 According to a previous Korean cohort study from 
1991 to 2012, the median life expectancy of male patients with HA is 69 years, which is 8 years 
less than the general male population of South Korea (77 years in 2010).12 Moreover, the most 
common causes of death in Korean patients with HA were ICH and cancer.12 In other words, 
the occurrence of ICH may impair the life expectancy of patients with hemophilia and impact 
their long-term prognosis.

It is known that 3.5–4.0% of neonates with hemophilia experience ICH, which is much 
higher (40–80 times) than that in the normal population, even with good standards of health 
care.24 In this study, the prevalence of neurologic sequelae was 2.4% in patients born in 2017–
2019 and 15.9% in patients born in 2012–2016 (Table 1). These sequelae do not include only 
ICH, but also epilepsy or cerebral palsy, the results of ICH. The rate of neurologic sequelae 
in the overall patients was 5.7% (146/2,557), and 4.2% (108/2,557) patients had traumatic 
brain damage or non-traumatic ICH (Table 2). In general, the ICH mortality in patients with 
hemophilia has decreased; however, it is still reported to be approximately 20%.5 Overall, 
neurologic complications (seizure, developmental delay, or motor function problems), 
including deaths, occur in 50–60% of children with ICH.25 In other countries, the incidence 
of ICH in patients with hemophilia has decreased through the use of prophylaxis.25 Pediatric 
patients with hemophilia undergoing regular and frequent prophylaxis have a low risk of ICH 
compared with those who do not undergo regular prophylaxis.25

These findings suggest that ICH is an important problem related to hemophilia in Korea 
that occurs among all ages and requires adequate preventive strategies. Younger patients 
with HA have shorter FVIII half-lives than older patients.26 Thus, younger children may need 
a higher dose of FVIII to sustain a desired trough level of FVIII than adults.26 However, in 
Korea, the dose and frequency of coagulation factors that may be prescribed for hemophilia 
by physicians are strictly limited due to NHIS issues. An additional dose of coagulation 
factor products may only be prescribed on recommendation from a physician when bleeding 
persists. Therefore, personalized prophylaxis according to the individual pharmacokinetics is 
difficult to implement in Korean patients with hemophilia.

Furthermore, when female Korean hemophilia carriers become pregnant, they often do not 
anticipate and prevent ICH during childbirth for a child with hemophilia. This is because 
genetic diagnosis and counselling for hemophilia are not yet common in Korea. ICH can 
occur regardless of the mode of delivery or the severity of hemophilia.27 Thus, women 
with postpartum hemorrhage should undergo a thorough hematologic work-up, and early 
screening is necessary for all infants with suspected hemophilia.27 We suggest that the 
problem of a higher percentage of neurologic sequelae in Korean patients with HA born after 
2002 will be reduced by personalized FVIII dosing according to individual pharmacokinetics, 
the application of extended-half-life factor products8 or non-factor products,15 and more 
meticulous care during childbirth for female carriers.

There are some limitations to this study considering the nature of the Korean HIRA database. 
First, the severity of HA (severe, moderate, or mild phenotypes) was not known. Second, 
the presence of a “target joint” was difficult to identify. Third, viral infections without 
ICD-10 codes are difficult to identify. In order to solve these limitations, additional chart 
reviews that can supplement the Korean HIRA database are needed in the future. Despite 
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of aforementioned limitations, this study showed the objective changes in complication 
patterns according to the advances in management of HA in Korea for the first time. 
Moreover, the results of this study can be used as reference data that can be compared with 
the frequency of complications in Korean patients with HA whose treatment direction will be 
changed to non-factor products or gene therapy in the future.

To conclude, the use of pdFVIIIc with inactivated viruses and active prophylaxis using rFVIIIc 
have reduced the occurrence of viral infections and joint problems in Korean patients with HA. 
However, the occurrence of neurologic sequelae did not decrease; thus, additional efforts are 
needed to reduce ICH in patients with HA. We suggest that active prophylaxis, personalized 
care according to the individual pharmacokinetics, and increased meticulous care during 
childbirth are needed to further reduce the complications. A subject that requires future 
research will be the change in the frequency of complications in Korean patients with HA when 
extended half-life products, novel non-factor products, and gene therapy become popular.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
The drug codes according to the Korean National Health Insurance Service used to identify 
activated prothrombin complex concentrate or recombinant activated factor VII

Click here to view

Supplementary Table 2
The ICD-10 codes used to identify the complications of hemophilia

Click here to view

Supplementary Table 3
The procedure or operation codes associated with the complications of hemophilia

Click here to view
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