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D eep vein thrombosis (DVT) is a mani-
festation of venous thromboembolism,
which can result from long-term bed

and lead to pulmonary embolism (PE), stroke, mes-
enteric artery embolis, etc. Patients after surgery
without bed-off activity may prone to thrombosis,
but traditional anticoagulant therapy is a contrain-
dication for them because of high risk of postoper-
ative hemorrhage. Inferior vena cava filter (IVCF)
implantation is the most effective method to inter-
cept thrombosis from lower limb and to prevent PE.
However, radiation and contrast agent limit its ap-
plication. Our team have successfully performed an
IVCF implantation guided by a mixed-reality (MR)
system,[1] which is a chance for critically ill patients
to allow the IVCF implantation exposed under no X-
ray and require no contrast agent. 5G can help re-
mote holographic projection images between dis-
tant range, meeting the needs of experts to guide
the operation of critically ill patients. We describe a
case of weak woman after neurosurgery who can
not tolerate traditional interventional surgery to
prevent DVT from falling off. We performed a
mixed-reality system guided IVCF implantation un-
der remote guidance of 5G communication.

The patient was a 48-year-old woman with intra-
ventricular cyst and obstructive hydrocephalus. She
underwent an endoscopic cyst resection, cerebral
cortex incision and fistulation, and cerebrospinal
fluid leakage repair under general anesthesia in Oct

16 2020. Postoperative had a fever, headache, and
lip herpes. The cerebrospinal fluid examination sug-
gested intracranial infection. In Oct 24, the patient
had a sudden disturbance of consciousness, with
left pupil larger than before. She underwent an
emergency right ventricular drainage. After the sur-
gery, the patient awaked gradually with mental im-
provement and lip herpes improved, body temper-
ature dropped to normal. In Nov. 22nd, the con-
sciousness disorder and sleepiness occurred again.
Blood biochemical parameters showed that serum
sodium (Na) was 183.0 mmol/L, chloride (Cl) was
140.6 mmol/L, and brain computed tomography
(CT) suggested no significant change. The disturb-
ance of electrolyte was rectified immediately. In
Nov. 28th, she underwent ultrasound for her right
leg swelling and thrombosis were found in external
iliac vein, femoral vein and fibular veins.

In summary, the patient had a history of neuros-
urgery and the diagnosis of DVT was confirmed.
But the anticoagulation therapy was a contraindica-
tion for this patient with surgery in 35 days. Inferi-
or vena cava filter (IVCF) implantation is a most
prevention for thromboembolic diseases. This pa-
tient has been in bed for two months, and long-term
bed is the main risk factor for DVT. PE and throm-
boembolism may occur without anticoagulant ther-
apy. IVCF implantation is a most prevention for
thromboembolism, but IVCF implantation with
contrast agent injection may lead a high risk for
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contrast-induced nephropathy (CIN). Though her
frail general conditions mattered, the management
of DVT and prevention of PE was prioritized. We
hoped to find a method that can not only avoid con-
trast agent, but also invite experts to instruct cathet-
er surgery on site. Our team have successfully per-
formed an IVCF implantation guided by a mixed-
reality (MR) system in 2019,[1] which can visualize
human anatomy without contrast agents. 5G com-
munication allowed remote holographic projection
experts images from Beijing to Yibin, Sichuan.

Surgery can result in transient reduced mobility
places, which is the main cause of DVT. DVT is a
main manifestation of venous thromboembolism,
causing a large medical and economic burden all
over the world. The lifetime risk of venous throm-
boembolism is 8% in people of 45 years of age or
older.[2] In this case, DVT was caused by long-term
bed rest after neurosurgery, which may lead to in-
tracranial and wound bleeding after anticoagulant
therapy. For this patient who cannot tolerate antico-
agulant therapy, IVCF implantation is suitable if the
injection of 30−50 mL contrast agents can be re-
placed in order to decrease the risk of CIN. Though

her general state mattered, the prevention of PE
was prioritized. We hope to find a method that can
avoid the radiation and contrast agents with expert
on-site guidance. MR system can visualize ana-
tomy maker, 5G signal transmission can remote
holographic projection expert image, and meet the
requirements of avoid CIN and expert on-site guid-
ance.

There was some previous work. A 3D-reconstruc-
tion was performed depend on CT DICOM images,
and three markers were placed on the body surface
to help measurement and location. We measured
the length from the puncture point of the femoral
vein to the implantation position of the IVCF, which
was 33.8 cm. Then the route was divided into 5 cm
segments in order to obtain the current position
during the operation. The synthetic holographic im-
age data was output in v3d format (a data transmis-
sion format in Weizhuo Zhiyuan Technology Co.,
LTD, Beijing), and pushed to the MR display device
(Figure 1). Before the operation, the holographic im-
age was superimposed with the patient in the same
body position and proportion according to the three
markers. Through image fusion and spatial posi-

 

Figure 1    CT three-dimensional reconstruction depend on DICOM data.
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tioning, the 3D holographic images of the femoral
vein, inferior vena cava and renal vein of this pa-
tient would display in the MR glasses worn by the
operator (Figure 2).

During the operation, experts in Beijing were pro-
jected to the operating room in Yibin profit from the
application of augmented reality (AR) technology
combined with 5G technology. With the support of
MR and 5G technology, the holographic images of
anatomy in the MR glasses of the surgeon are trans-
mitted in real time to the MR glasses of the experts
in long distance. Firstly, a 6F vascular sheath was
inserted through the right femoral vein under local
anesthesia. Then, the operators inserted a guide
wire of IVCF implant set (LifeTech Scientific Cor-
poration) below the renal vein opening, withdraw
the 6F vascular sheath and inserted the filter deliv-
ery sheath. Secondly, the position of the sheath was
appeared in real time in MR glasses in order to
guide the distance from the body surface puncture
point to the vessel. Then the most important step
was that the operator sent the sheath to 1–2 cm be-
low the renal vein opening under the guidance of
experts, and confirmed the position (Figure 3). Fi-
nally, the filter was released, and the sheath tube
was removed. The patient returned to the ward
without complains of discomfort.

DVT is the main cause of PE, which is one of the
most common cardiovascular disease with high
mortality.[3] Patients who are bedridden for long-
term after surgery have poor venous reflux of lower
limbs, which is easy to form DVT of lower limbs.
Thrombosis may break off and block the pulmon-
ary artery and its branches.[4] In this case, anticoagu-
lation therapy after neurosurgery may lead to intra-
cranial hemorrhage and bleeding wound, which is
fatal for this patient. So, IVCF implantation is an
important and suitable measure to prevent PE.[5]

Traditional catheter surgery under X-ray with
30−50 mL contrast agents may lead to CIN, a major
complications of interventional surgery, with incid-
ence of 1.2%−1.6% in general population.[6] Critical
ill patient need effective cure by specialist team. But
this is subject to distance and time.

MR system and holograms are useful whenever a
problem arose due to blocking and difficult ana-
tomy, which can cause the error between the actual
structure and the operator’s range of vision.[7] Nov-
el 3D printing techniques also presented value of
navigation and guidance during surgery.[8,9] However,
physical models cost long time to manufacture and
consumables. Before surgery, 3D printing models
need to be sterilized.[10] MR system and holograms
are free from these restrictions. MR system had

 

Figure 2    3D holographic images displayed in MR glasses worn by experts.
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been applied in orthopedics,[11] thoracic,[12] neuro-
surgical[13] and urinary surgery.[14] But reports re-
garding catheter operate with MR system and holo-
graphic imaging are scarce. Rynio, et al.[15] success-
fully repaired abdominal aortic aneurysm under the
guidance of holographic images. At the same time,
5G communication and holographic projection tech-
nology allow the operators to access the guidance of
experts on-site.

5G communication combined with MR techno-
logy has a great advantage in precise, timeless, and
convenience. In future, this technology can bring
subversive changes to remote consultation, medical
training, doctor-patient communication and milit-
ary medicine, and promote the rapid development
of medicine. 
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