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Background: Glucose 6-phosphate-isomerase deficiency (GPl) is an
uncommon autosomal recessive genetic disorder characterized by chronic
asphoric hemolytic anemia, jaundice, and hepatospleenomegaly of varying
degrees. Avascular necrosis of the femoral head in children may be caused
by Legg-calve-perthes disease or hematological diseases. However, to date,
there is no literature reporting on femoral head avascular necrosis as a
complication of GPI.

Case presentation: Herein we report a 6-year-old child admitted with no
pain and abnormal gait in both lower extremities for 3 years, the patient
received a genetic inspection and radiology test. Full-exon detection and
Sanger sequencing verification were performed on the children and their
parents C. 553T>A homozygous missense mutation (NM_ 001289790, F 185
I) was found in exon 6 of the GPI gene, which was inherited from parents. The
radiology test showed avascular necrosis of the bilateral femoral head. The
patient received traction and wore a spica splint every night and non-weight
bearing hip joint rehabilitation every day for 12 months, after which, the
gait of the femoral head of this patient improved significantly, and follow up
radiation results showed the area of avascular necrosis of the femoral head
had decreased.

Conclusion: Careful investigation of GPI children with abnormal gait is
recommended to avoid misdiagnosis, GPI combined with avascular necrosis
of the femoral head should be considered as a differential diagnosis in GPI
children with abnormal gait.

glucose phosphate isomerase deficiency, hemolytic disease, abnormal gait, femoral
head, avascular necrosis
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Introduction

Glucose-6-phosphate-isomerase (GPI) deficiency is a rare
autosomal recessive genetic disorder. The first case of GPI
deficiency was described in 1968 at the College of Medicine
by Baughan (1). The known clinical features of this GPI
deficiency include a pale complexion, rapid heart rate, chronic
asphalemic hemolytic anemia of varying degrees, jaundice,
hepatosplenomegaly, and gallstone (2), which may be associated
with giant cell proliferation, reticulocytosis, hyperferritinemia. A
few cases have been reported with neuromuscular dysfunction,
intellectual disability (3), male children with abnormal penile
erection, and other clinical manifestations (4).

GPI deficiency is rarely reported, and the orthopedic
complications of this disease are even rarer. Herein, we report a
case of GPI deficiency combined with bilateral avascular necrosis
of the femoral head.

Case description

A 6-year-old boy patient was admitted to the hospital with
the chief complaint of “Abnormal gait in both lower extremities
for 3 years.” The child’s family complained that his lower
limbs had abnormal gait for 3 years without pain when he
began to walk independently in 2018, he went to the local
rehabilitation hospital for rehabilitation training, but the gait
did not improve. The gait abnormality of both lower limbs has
worsened recently. Jaundice and severe anemia appeared 6h
after birth, which improved after treatment. After that, anemia
and yellowing of the skin occurred repeatedly, accompanied by
hepatosplenomegaly. He underwent a splenectomy at the age of
4 due to splenomegaly. The child could sit alone at 1 year old,
stand alone at 2 years old, and walk alone at 3 years old but
fall easily. He can communicate with others normally, with no
limitation in upper limbs. His father was healthy, his mother
suffered from thalassemia.

Physical examination: T: 36.1°C, P: 104 times/min, R:
20 times/min, body weight 16.7kg, clear consciousness,
yellowish sclera, pale eyelids, lip mucosa, pale nail beds. No
hyperemia of the pharynx, no enlargement of bilateral tonsils.
Abdominal distension, 8cm below the right costal margin
of the liver, 7cm below the xiphoid process, tough texture,
without tenderness. No spinal deformity, knee reflex, and
Achilles tendon reflex can be induced, pathological signs,
and meningeal irritation signs were negative. The gait of
the lower limbs was obviously abnormal, with claudication
of the staggering gait, no obvious swelling, tenderness in
both lower limbs, restricted movement of the hip joints,
mainly restricted hip abduction and external rotation. The

Abbreviations: GPI, Glucose 6-phosphate-isomerase; NLK, Neuroleukin;

WBC, White blood cell count; Hb, Hemoglobin; FRT, Serum ferritin.
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lower limbs were basically of equal length, and good blood
supply to the extremities, good sensation and movement could
be achieved.

Laboratory examination: routine blood white blood cell
count (WBC) 19.88 x 10 9/L, 2.62 x 1,012/L, hemoglobin
(Hb) 85 g/L, serum ferritin (FRT) 6786.4 ng/ml, hematocrit
27.6%, platelet count 894 x 10 9/L coagulation function
test: fibrin degradation product 31.30 jug/ml liver and kidney
function test: total bilirubin 51.7 umol/L, direct bilirubin 17.1
umol/L, indirect bilirubin 34.6 umol/L, glutaminase 179.0 U/L,
aspartate aminotransferase 89.72 u/L, alkaline phosphatase 188
U/L, r-glutamyl transpeptidase 81.5 U/L. Imaging examination:
Pelvic ap film: the right femoral skull epiphysis becomes flat,
smaller, irregular in shape, multiple cystic low-density lesions
are seen inside, the right acetabulum is flat, and the right
hip joint space is widened. The right femoral head shifted
outwards and upwards (Figure 1A). CT results: the right femoral
head epiphysis was flattened, several microcystic changes were
observed on the upper edge, the right femoral head slightly
shifted outwards and upward, and the right acetabulum was
slightly flattened (Figure 1B). MRI results show right side
femoral epiphysis became flat and local bone collapsed: there
were multiple small patchy T2WT hyperintensity shadows under
the right femoral metaphysis and right acetabular articular
surface (Figure 1C).

Diagnostic assessment

Full-exon detection and Sanger sequencing verification
were performed on the children and their parents C.
553T>A homozygous missense mutation (NM_ 001289790,
F 185 I) was found in exon 6 of the GPI gene, which
was inherited from parents (Figure2). The mutation
was highly likely to cause disease (correlation score of
pathogenicity was 0.983) by POLY Phen 2 software. Provean
software predicted that the mutation was a deleterious
(influence  score

mutation affecting protein function

was —4.995).

Treatment and follow up

The patient received traction and wore a spica splint every
night and non-weight bearing hip joint rehabilitation every
day for 12 months. After this period, the gait of the femoral
head of this patient improved significantly and the follow up
X-ray showed the shape of the femoral head was remodeling
(Figure 3A). The follow up CT result showed the microcystic
area was replaced by normal bone tissue (Figure 3B). The follow
up MRI result showed that the multiple small patchy T2WI
hyperintensity shadows under the right femoral metaphysis had
disappeared (Figure 3C).
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FIGURE 1

right acetabular articular surface (C).

Imaging examination, X-ray shows the right femoral skull epiphysis becomes flat, smaller, irregular in shape, multiple cystic low-density lesions
are seen inside, the right acetabulum is flat, and the right hip joint space is widened. The right femoral head shifted outwards and upwards (A)
CT shows the right femoral head epiphysis was flattened, several microcystic changes were observed on the upper edge, the right femoral head
slightly shifted outwards and upward, and the right acetabulum was slightly flattened (B). MRI showed that the right side Femoral skull epiphysis
became flat and local bone collapsed. There were multiple small patchy T2WI hyperintensity shadows under the right femoral metaphysis and
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FIGURE 2

Full-exon detection and Sanger sequencing verification were
performed on the children and their parents C. 553T>A
homozygous missense mutation (NM_ 001289790, F 185 I) was
found in exon 6 of the GPI gene, which was inherited from the
parents.

Discussion

Despite recent research efforts, the etiology, clinical
manifestations, and treatment of GPI deficiency are still poorly
understood. The disease is essentially a hemolytic disease
characterized by hereditary chronic non-spherical red blood cell
hemolytic anemia.

Multiple blood transfusions can lead to progressive and
pathological iron accumulation, resulting in transfusions of
iron overload (5). The normal body iron storage is 3-4g,
and more than 20g can cause damage to tissues and organs
throughout the body. Excessive iron deposition can lead to a
variety of terminal organ damage, including cardiomyopathy,
liver dysfunction, anterior pituitary hormone deficiency, and
diseases of the parathyroid, pancreas, and bone (6). Studies
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show iron overload leads to increased oxidative stress in a
mouse model. After oxidative stress, RANKL-induced osteoclast
formation was promoted, meanwhile, inflammatory changes
were induced, bone remodeling, increased bone absorption was
mediated, and bone cortical thinning caused bone loss (7). This
may be an important reason for the necrosis of the femoral head
on both sides in this case.

Legg-Calve-Perthes Disease (LCPD) is also a self-limited
Disease in children. However, after the natural healing of
the lesion, the necrotic femoral head is often left with a flat
deformity, which is also called a flat hip. It is more common
in unilateral femoral of children between 4 and 10 years old
(8). The pathogenesis and pathological process are not clear
yet. Childhood hematological avascular necrosis of the femoral
head should be differentiated from LCPD. According to the X-
ray features summarized by Iwegbu (9), hematological diseases
with avascular necrosis of the femoral head have the following 5
manifestations: 1, subchondral sclerosis, the high-density area
in the epiphyseal plate of the femoral head may be an early
infarction; 2, perthes disease-like lesions, the sheet-like necrosis
in the epiphyseal plate of the femoral head or the femoral head.
When the epiphyseal plate of the femoral head is involved, a
disease-like lesion similar to Perthes will appear, leading to 3,
complete femoral head damage, which may appear as severe hip
deformity or complete damage of the femoral head in the early
stage, which can be partially reconstructed. 4, Central necrosis:
the central part of the femoral head presents a cyst with varying
sizes, originating from subchondral sclerosis or initial lesions. 5,
Diffuse necrosis, involving necrosis of the entire femoral head,
with multiple gouge-like changes, which could be a progressive
manifestation of central necrosis.

Reviewing this case report, according to the patient’s age,
blood disease history, and imaging characteristics, it can be
judged that this case of GPI combined with avascular necrosis
of the femoral head is not caused by LCPD, but is caused by
hematological disease-related avascular necrosis of the femoral
head. It belongs to type 2 of the Iwegbu classification, which is
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FIGURE 3

right femoral metaphysis was disappear (C).

Follow up Imaging examination, X-ray shows the shape of the femoral head was remodeling (A); the follow up CT result shows the microcystic
area was replaced by normal bone tissue (B); the follow up MRI result shows the multiple small patchy T2WI hyperintensity shadows under the

similar to the lesions of Perthers’ disease. We assume that the
lack of glucose phosphate isomerase can make the red blood
cells unable to be normally charged, resulting in the change of
the shape of the red blood cell membrane, and in the case of
relative acidosis, it will make the blood more viscous (4). Blood
stasis, resulting in local tissue ischemia and hypoxia, causes
increased anaerobic metabolism, tissue edema, and exudation
increase resulting in a further increase in intraosseous pressure,
continuous ischemia, hypoxia, and slow blood backflow, which
can also induce blood hypercoagulation State (10). This may
be one of the important reasons for avascular necrosis of the
femoral head in this case.

Periodic blood transfusion and iron chelation therapy have
significantly increased the life expectancy of patients with
hemolytic disease, while the associated incidence of ischemic
necrosis of the femoral head is increasing. Iron binds tightly
to various proteins and enzymes in the body and can bind to
hemoglobin to carry oxygen to tissues throughout the body.
In hemolytic disease, a variety of reasons make red blood cells
continue to destroy, dissolve, and release a large number of
free iron, intestinal iron absorption capacity is limited, and the
human body has no way to discharge iron, which can cause
non-transfusions of iron overload. Multiple blood transfusions
can lead to progressive and pathological iron accumulation,
resulting in transfusions of iron overload (7). Normal body
iron storage is 3-4 g, and more than 20g can cause damage
to tissues and organs throughout the body. Excessive iron
deposition can lead to a variety of terminal organ damage,
including cardiomyopathy, liver dysfunction, anterior pituitary
hormone deficiency, and diseases of the parathyroid, pancreas,
and bone (6). Some scholars have proposed a mouse model in
which iron overload leads to increased oxidative stress. After
oxidative stress, RANKL-induced osteoclast formation will be
promoted, and meanwhile, inflammatory changes in the body
can be induced. Through changes in bone remodeling, increased
bone absorption will be mediated, and bone cortical thinning
will result in bone loss (11). In a case report a child’s serum
ferritin (FRT) increased, the body of free iron significantly
increased, meaning ferritin may be deposited in the femoral
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neck, resulting in the occlusion of bone microcirculation,
increased intraosseous pressure, arteriolar compression, and
bone loss, etc., leading to local blood supply insufficitude,
hypoxia, and edema. This is one of the important reasons
for the necrosis of the femoral head on both sides in
this case.

There is no literature report treatment of GPI combined
with bilateral femoral head necrosis, we can only refer to the
treatment of Perthes disease for the treatment of femoral head
necrosis in addition to the routine treatment of hemolytic
disease. In non-surgical treatment, the patient is forbidden to
bear weight, to reduce the load on the femoral head. They
are then required to wear a spica splint during the night to
increase the containment of acetabular. The brace must be
worn for more than 2 years (12). Non-weight-bearing hip joint
rehabilitation has also been reported to significantly improve
joint, muscle function, and range of motion of the hip (12).
In this case, we gave the patient a conservative treatment for
12 months, and the avascular necrosis of the femoral head of
this patient was relieved and the function of hips remained at
a good level.

There are several limitations in this study, first, we do
not have direct evidence to prove avascular necrosis of
the bilateral femoral head is caused by GPI, but we hope
that we can accumulate some evidence for the research
of GPI and femoral head necrosis in the future. Second,
the follow up was not long enough, we will focus on
this case and present the long term follow up results in
the future.

Conclusion

This is the first case report of a GPI deficiency
patient with bilateral avascular necrosis of the femoral
head the literature this Careful
investigation of GPI children with abnormal gait is
recommended to avoid misdiagnosis, GPI
with avascular necrosis of the femoral head

among on subject.

combined
should be
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considered a differential diagnosis in GPI children with
abnormal gait.
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