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Introduction

With the rapid development of high-speed trans-
portation and heavy industry, the incidence rate of 
severed limbs is increasing year by year [1]. Limb 
replantation has been proven to be an effective 
strategy for treating severed limbs [2]. Because of 
the special physiological structure of veins, such as 

thin wall, low pressure, poor elasticity, and slow flow 
rate, venous crisis is the common vascular crisis af-
ter limb replantation, which often leads to limb ne-
crosis, amputation, and even death [3].

Nowadays, treatment of venous crisis is main-
ly through surgical exploration [4]. The traditional 
open-exploration operation can only improve the 
anastomotic condition of blood vessels; however, it 
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A b s t r a c t

Introduction: Venous crisis, as a common vascular crisis post limb replantation, is usually treated with surgical ex-
ploration.
Aim: To investigate effects of digital subtraction angiography (DSA) combined with double-chamber Fogarty balloon 
catheter on venous crisis post replantation of limbs.
Material and methods: Twelve patients suffering from severed limbs were involved in this study. Patients underwent 
DSA combining double-chamber Fogarty balloon catheter operation. Colour Doppler ultrasound was used to diag-
nose patients with venous crisis. Patients were treated with rehydration, anti-infection, anticoagulation, and vaso-
dilation. Indexes, including total joint active activity, working condition, remaining symptoms, appearance, feeling, 
and muscle strength, were evaluated. 
Results: During operation, the limb was shortened to 0–1 cm in 8 cases, to 1–2 cm in 2 cases, and to 2–2.5 cm in  
2 cases. According to DSA findings, popliteal vein thrombosis was formed at 0.6–4.2 cm and was removed from the 
popliteal vein. After removal of the thrombosis, DSA images showed re-canalization of the popliteal vein. A typi-
cal case of a 16-year-old patient underwent limb replantation; however, venous crisis was formed post operation. 
Postoperative colour Doppler ultrasound findings indicated re-canalization of the popliteal vein. Tibia and fibula 
were reduced and internally fixed, while the limb was survived post-operation. The degree of swelling of limbs was 
improved, and skin temperature was normal or 0.6–1.5°C lower than affected limbs. Skin colour was normal and 
activity was improved. Patients demonstrated sensory recovery grade of S3+ and two-point discrimination of 4.5 mm.
Conclusions: DSA combining double-chamber Fogarty balloon catheter, as a minimally invasive and fast approach, 
could accurately locate thrombi and improve pertinence of vein branches.
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cannot deal with the distal lesions of blood vessels 
[5]. The traditional open-exploration operation may 
also cause secondary trauma to the repair area of 
the broken end, the effect of which on the combined 
thrombus and non-anastomotic thrombus is poor 
[6, 7]. The double-chamber Fogarty balloon catheter, 
as a device for thrombectomy and thrombolysis, is 
widely used in the diagnosis and treatment of ve-
nous crisis [8]. Digital subtraction angiography (DSA) 
is often used in the diagnosis and treatment of ve-
nous crisis [9].

In recent years, DSA combined with a  dou-
ble-chamber Fogarty balloon catheter for treating 
thrombectomy is mainly used in patients with acute 
and chronic thrombus caused by basic cardiovascu-
lar disease [10, 11]. However, DSA combined with 
a double-chamber Fogarty balloon catheter is rare-
ly reported for the treatment of venous crisis after 

the replantation of limbs. From June 2011 to Janu-
ary 2016, the DSA combined with double-chamber 
Fogarty balloon catheter was applied to treat 12 pa-
tients with venous crisis after replantation of limbs, 
with satisfactory effect, in this study.

This study aimed to investigate the effects of 
DSA combined with double-chamber Fogarty balloon 
catheter on venous crisis after replantation of limbs.

Material and methods
Patients

This study involved a total of 12 patients suffer-
ing from severed limbs, from June 2011 to January 
2016. All of the patients underwent DSA combined 
with double-chamber Fogarty balloon catheter oper-
ation. The general information is shown in Table I.  
All cases were replanted by doctors meeting the mi-
crosurgery access standard and were operated in an 
emergency setting.

 
Ethical approval and consent to participate

This study was approved by the Ethical Commit-
tee of the Affiliated Hospital of Chengde Medical 
College, Chengde, China. All patients provided writ-
ten informed consent and approved this study.

Preoperative preparation

Colour Doppler ultrasound was used to diagnose 
patients with venous crisis. For the symptoms, in-
cluding pain, cold, emotional changes, and body po-
sition changes, low molecular weight heparin sodi-
um injection, urokinase injection, and other drugs 
were applied for conservative treatment. We also 
improved the examination of colour Doppler ultra-
sound, coagulation, D-dimer and electrolyte, and ac-
tively managed the peri-operative period for admin-
istration of the DSA combined with double-chamber 
Fogarty balloon catheter together with thrombolyt-
ic/anticoagulant drugs.

Operation procedures

After satisfactory anaesthesia, a longitudinal “S” 
incision, about 8 cm long, was made in the middle 
and lower part of the affected thigh. Paying atten-
tion to the protection of the superficial vein, the dis-
tal end of the femoral vein was revealed, which is 
about 4–5 cm long. The proximal end of the femoral 
vein was blocked by noninvasive forceps, and a lon-

Table I. General information of patients

Characteristics Values

Gender, n:

Male 7

Female 5

Age, mean (range) [years] 35 (20–55)

Cause of disease:

Tamp injury 5

Incised wound 2

Cut wound 2

Explosive injury 1

Crush injury 2

Disarticulation region, n:

Knee disarticulation 2

Shin disarticulation 6

Ankle joint disarticulation 4

Disarticulation degree, n:

Complete disarticulation 7

Incomplete disarticulation 5

Onset to hospital [h] 6.5 (1.5–14)

Severed limbs to replantation [h] 13.5 (6.5–20.5)

Occurrence of venous crisis [h] 11.2 (3–18)
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gitudinal incision was made on the anterior wall of 
the femoral vein, about 3–4 cm in length. Continu-
ous infusion of heparin saline was performed, with 
the assistance of a cardiologist, carefully measured 
in vitro. An appropriate catheter and guide wire were 
placed, and continuous angiography was carried out 
to determine the site and quantity of thrombus. The 
catheter was removed, keeping the guide wire, ac-
cording to the information provided by colour Dop-
pler ultrasound from before the operation, carefully 
comparing the different length of catheter, and se-
lecting a Fogarty balloon catheter with appropriate 
diameter. The balloon was carefully inserted into the 
lumen when it withered. The resistance of the cath-
eter changed from large to small, indicating that the 
catheter passed through the thrombus. After inject-
ing heparin saltwater slowly, the balloon expanded, 
and the water volume in the balloon was adjusted 
carefully, so that the water capsule and the vein lu-
men could be evenly attached. The thrombus was 
then completely removed by the pulling force of the 
water sac. 

The Fogarty balloon catheter was used as the 
“channel” to inject the saline containing urokinase 
and heparin into the vein and squeeze the leg from 
the bottom to the top. Attention should be paid to 
protecting the broken end of the affected limb to 
avoid side injury. It can be seen that the thrombus 
in the distal vein branch has been flushed out. When 
there is a large amount of blood outflow in the dis-
tal vein of the limb, it indicates that the thrombus in 
the distal vein is basically removed. The remaining 
thrombus was examined, and the effect of operation 
was evaluated. The above operations were carried 
out 2–3 times consecutively to avoid aggravating vas-
cular intimal injury. Before closing the incision, the 
Fogarty balloon catheter was kept in for 15–30 min.  
Urokinase and heparin-containing saline were con-
tinuously injected into the catheter to dissolve the 
remaining thrombus and prevent the formation of 
thrombus again. Then the Fogarty balloon catheter 
was removed, the femoral vein was repaired, ban-
daged with sterile dressing and fixed with plaster. 
A graph showing DSA combined with a double-cham-
ber Fogarty catheter operation is shown in Photo 1.

Postoperative management

The patients were treated with rehydration, anti- 
infection, anticoagulation, and vasodilation. Uroki-

nase 100,000–200,000 U was intravenously dropped 
once a  day for 8–10 days. Papaverine injection  
30 mg was intramuscularly injected once every 6 h, 
30 mg per time. Low-molecular-weight dextran injec-
tion (500 ml) was intravenously dropped once a day 
for 7 days. Low-molecular-weight heparin (5000 IU) 
was injected subcutaneously once or twice a day for 
5 days. The limb was locally baked with the lamp ir-
radiation (25°C, 40 cm away from the affected limb). 
The attentions must be paid to monitor the coagula-
tion mechanism, biochemical items, vital signs and 
limb blood circulation.

Observation index

The therapeutic effect was evaluated according 
to the “Functional evaluation of replantation of sev-
ered limbs by the hand surgery branch of the Chi-
nese Medical Association” [12]. In this study, we 
evaluated the following indexes: 1) Total joint active 
activity (30 points). 2) Working condition (10 points). 
3) Remaining symptoms (10 points). 4) Appearance 
(10 points). 5) Feeling (20 points). 6) Muscle strength 
(20 points). The therapeutic effect was represented 
as the following grading standard: Poor (below 39 
points), fair (40–59 points), good (60–79 points), and 
excellent (80–100) points.

 
Results

Preoperative condition of patients

Among the patients, there were 7 cases with 
complete disarticulation and 5 cases with incom-
plete disarticulation (Table I). Among the causes 
of severed limbs, there were 5 cases of tamp inju-
ry, 2 cases of incised wound, 2 cases of cut wound,  

Photo 1. Graph for the DSA combining double- 
chamber Fogarty catheter operation
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1 case of explosive injury, and 2 cases of crush inju-
ry (Table I). All patients underwent limb replantation 
(DSA combined with double-chamber Fogarty bal-
loon catheter method). A typical case of a 16-year-
old patient suffering from tamp injury is illustrated 
in Photo 2 A. The X-ray examination demonstrated 
tibial and fibular fractures (Photo 2 B). 

Intra-operative condition of patients

During the operation, the limb was shortened by  
0–1 cm in 8 cases, to 1–2 cm in 2 cases, and to 2– 
2.5 cm in 2 cases. According to the DSA findings (Pho-
to 3 A), the popliteal vein thrombosis was formed 
(with length 0.6–4.2 cm), and was successfully re-
moved from the popliteal vein (Photo 3 B). After the 
removal of thrombosis, the DSA image showed re-ca-
nalisation of the popliteal vein (Photo 3 C).

Venous crisis manifestations

The main clinical manifestations of postoperative 
venous crisis were demonstrated as follows: 1) The 
skin colour of the early affected limb was purple.  
2) A  tension blister formed. 3) The temperature of 
the limb decreased gradually. 4) The red/white re-
action decreased. 5) The blood colour of the late 
acupuncture test was dark purple. 6) The red/white 
reaction was not obvious. 7) The skin tension in-
creased. 8) The skin temperature was low. 9) There 
was sensory disturbance.

In a typical case of a 16-year-old patient who un-
derwent limb replantation, however, the venous cri-
sis was formed post-operation (Photo 4 A), accord-

ing to the colour Doppler ultrasound image. Then, 
the patients were administered with DSA combined 
with double-chamber Fogarty balloon catheter for 
carrying out the thrombolysis and anticoagulation. 
The postoperative colour Doppler ultrasound find-
ings indicated re-canalisation of the popliteal vein 
(Photo 4 B).

Postoperative condition of patients

The postoperative X-ray findings of the above pa-
tient showed that the tibia and fibula were reduced 
and internally fixed (Photo 5 A). Meanwhile, the limb 
was survived after the operation (Photo 5 B).

There were 12 patients, all of whom were alive. 
The incision of 11 cases healed in stage I, among 
whom 1 case had osteofascial compartment syn-
drome, which recovered well. Among these 11 cases, 
1 case of acute liver function damage was treated 
by internal medicine and was corrected. Moreover, 
among 12 cases, 1 case had vein crisis again after 
the operation, diagnosed by colour Doppler ultra-
sound. This vein crisis was anastomotic thrombus. 
Subsequently, incision and exploration were per-
formed, and the vein thrombus appeared again, with 
necrotic limbs. Finally, amputation was performed 
and the incision healed in stage I.

Follow-up

Except for 1 case undergoing incision and explo-
ration (finally illustrating venous crisis and conduct-
ed the amputation), a total of 11 patients were fol-
lowed up in this study. The average follow-up period 

Photo 2. A  typical case of a 16-year-old patient suffering from tamp injury. A  – Image for tamp injury.  
B – X-ray examination demonstrating tibial and fibular fractures

A B
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of all patients was 11 months (7–29 months). The 
shape of the affected limb was satisfactory, and the 
blood circulation of the limb was improved. Patients 
demonstrated capillary filling times of 1.5–3.3 s.  
The swelling degree of the limbs was improved, 
and the skin temperature was normal or 0.6–1.5°C 
lower than that of the affected limbs. The skin co-
lour was normal and the activity was improved.  
Patients demonstrated sensory recovery grade of 
S3+ (S0–S4 grade) and two-point discrimination of  
4.5 mm (3–8 mm).

Therapeutic effective evaluation

According to the functional evaluation of replan-
tation of severed limbs by the hand surgery branch 
of the Chinese Medical Association, the therapeutic 
scores of patients are listed in Table II. The results 
showed that there were 5 cases with well effect,  

4 cases with 4 good effect, and 2 cases with poor 
effect.

Discussion

In recent years, the application of DSA combined 
with double-chamber Fogarty balloon catheter in the 
field of vascular surgery is of great significance to 
reduce the amputation rate and mortality [10, 11]. 
However, there are few reports on the application of 
this method in the treatment of venous crisis post 
replantation of severed limbs. If DSA combined with 
double-chamber Fogarty balloon catheter is ap-
plied in venous crisis after replantation of severed 
limbs, colour Doppler ultrasound should be carried 
out before the operation to determine the number, 
site, type of thrombus, and the quality of periph-
eral tissue of blood vessels. The treatment process 

Photo 3. Popliteal vein images before and after 
operation. A – DSA image for the popliteal vein 
before treatment. B – Thrombosis removed from 
the popliteal vein. C – DSA image for the reca-
nalisation of popliteal vein

A B

C
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requires four key steps: thrombectomy, anticoagu-
lation, thrombolysis, and re-canalisation. Vein crisis 
after replantation of severed limbs is mostly caused 
by trauma [13].

Clinically, venous crisis is a common kind of 
vascular crisis after replantation of limbs. Once 
there is a  venous crisis, it should be firstly deter-
mined whether there is compression. If there is 
compression, it must be removed, and the affected 
limb should be pad to facilitate the venous return. 
Meanwhile, papaverine, alprostadil injection, and 
other drugs are used to alleviate the symptoms. If 
the above conservative treatment is not relieved, 
we should actively explore the operation, delay the 
process of tissue necrosis [14], and anastomose the 
blood vessels again. However, the traditional open 

exploration operation only improves the area of the 
broken end of the blood vessel, which cannot resolve 
the situation of distal end of blood vessel embolism, 
and causes a second blow to the repaired area of the 
broken end, which is not satisfied with the effect of 
the combination of thrombus and non-anastomotic 
thrombus. Therefore, a new technique is needed to 
solve the above problems. In this study, DSA com-
bined with double-chamber Fogarty balloon catheter 
was administrated to treat venous crisis.

The results of long-term follow-up showed that 
the operation was suitable for the occurrence of ve-
nous thrombosis after replantation of severed limbs. 
Under the guidance of DSA, Fogarty balloon catheter 
treatment has the following advantages: 1) It is timely, 
minimally invasive, effective, and has a wide range of 

Photo 4. A typical case of a 16-year-old patient who underwent limb replantation. A – The venous crisis was 
formed post-operation. B – The postoperative colour Doppler ultrasound findings indicating recanalisation 
of the popliteal vein

Photo 5. Postoperative condition of patients. A – Postoperative X-ray image for the patient. B – The surviv-
ing patients after the operation

A

A

B
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action areas [13], which can shorten the time of limb 
ischaemia to the greatest extent and reduce the rate of 
re-embolism. The systemic negative effect was small, 
the risk of bleeding was significantly reduced, and the 
therapeutic effect was significantly improved. There 
were no bleeding symptoms in intracranial, fundus, 
and digestive tract. 2) The double-chamber Fogarty 
balloon catheter improved the compliance, safety, and 
pertinence of the catheters, and the re-canalisation 
rate was significantly increased. 3) Under the guidance 
of DSA, the thrombus location of the double lumen 
Fogarty catheter is more accurate [15], which can de-
tect thrombus in a timely manner, deal with it quickly, 
and reduce intra-operative haemorrhage. At the same 
time, the application of real-time angiography re-exam-
ination after the operation showed that the remaining 
thrombus was found, and the rate of re-embolism was 
significantly reduced after active treatment, so as to 
ensure the complete patency of the whole vein vascu-
lar network [16] and improve the operation effect.

In this study, patients were carefully asked about 
their previous medical history before operation, and 
colour Doppler ultrasound was performed to eval-
uate their condition comprehensively. At the same 
time, colour Doppler ultrasound was used to deter-
mine whether the patients could tolerate anticoag-
ulation and thrombolysis. During the operation, the 
Fogarty catheter should be operated gently to avoid 
intimal injury and vascular rupture. Postoperative 
complications such as myopathy, nephrotic metabol-
ic syndrome, renal failure, osteofascial compartment 
syndrome, circulatory failure, and death may occur. 

In this study, 1 patient suffered from acute liver 
function damage after operation. The injured limb 
was completely severed due to smashing and press-
ing injury. The limb had a lot of trauma and tissue 
necrosis. Therefore, patients and their families must 
be informed of the risks, complications, and prog-
nosis of the operation. The main complication is the 
recurrence of vascular crisis. It is suggested that the 
open exploration and repair should be changed.

In this study, the excellent rate was 45.5% and 
good rate was 36.4%; therefore, the treatment effect 
was satisfactory. Clinically, the DSA combined with 
double-chamber Fogarty balloon catheter mainly ap-
plies to the patients diagnosed as “Y” type vascular 
and venous crisis thrombus by colour Doppler ultra-
sound after limb replantation and the patients who 
can tolerate Fogarty balloon catheter thrombectomy 
and anticoagulation/thrombolysis by coagulation 
factor and colour Doppler ultrasound before oper-
ation. The above indications must be strictly con-
trolled. Vein crisis occurs after replantation of the 
severed limb, but no vein thrombus is found in ultra-
sonic examination. It is considered as venous spasm, 
not the indication of the operation. If the catheter is 
used, it will aggravate the side injury of the diseased 
vessels, lead to the stubborn spasm and embolism 
of the vein vessels, and to limb necrosis. Before the 
operation, if the patients are found to have serious 
basic heart diseases (such as atrial fibrillation, large 
area myocardial infarction, etc.) by colour Doppler 
ultrasound, or the patients with severe coagulation 
disorders by coagulation factor examination, or the 

Table II. Therapeutic effective evaluation scores of each item of 11 patients

Cases Joint active 
activity

Muscle 
strength

Feel Appearance Residual 
symptoms

Work 
situation

Total

1 26 17 16 8 7 7 81

2 22 10 14 5 7 7 65

3 20 12 13 7 7 7 66

4 28 18 17 9 10 10 92

5 10 5 5 5 5 5 35

6 25 9 7 8 6 6 61

7 28 16 18 8 10 7 87

8 26 15 15 9 7 7 79

9 28 19 17 10 10 10 94

10 5 4 4 5 4 3 25

11 28 19 17 10 10 10 94
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existence of active bleeding is clear, the patients 
who cannot tolerate anticoagulation and thromboly-
sis are not the indications of the operation.

In this study, the advantages of DSA combined 
with double-chamber Fogarty balloon catheter op-
eration are obvious. Firstly, it has the advantages of 
being minimally invasive, fast, less traumatic, with 
fewer complications, and shorter recovery time [15]. 
With the deepening of the catheter in the diseased 
vessels, venous thrombosis can be treated just once 
and quickly to avoid serious tissue damage caused 
by long-term blockage of the thrombus [16]. Second-
arily, guided by digital subtraction angiography tech-
nology, the operation of the catheter in the diseased 
blood vessels is safer, and the location of the throm-
bus is accurately located. Finally, the double-chamber 
Fogarty balloon catheter is used to treat the diseased 
blood vessels and branches, so as to avoid the blind-
ness and experience of the operation, so that the 
re-embolism rate of the vein is significantly reduced, 
and the re-canalisation rate is obviously increased.

There are also limitations in this study: 1) Both 
doctors and patients are subjected to radiation.  
2) The hospital must have a catheter room with op-
erating conditions, and should not rush to perform 
the operation. 3) The application of catheter and bal-
loon will inevitably increase the burden of patients. 
4) The number of samples in this study is small, so 
we need to accumulate cases to further increase 
clinical experience. All of the above limitations 
would be improved for promoting the efficacy of 
double-chamber Fogarty balloon catheter operation 
in subsequent studies.

Conclusions

DSA combined with double-chamber Fogarty bal-
loon catheter was used in the treatment of venous 
crisis, which demonstrated the accurate location of 
thrombus, the improved pertinence of vein branch-
es, and satisfactory clinical effect, showing itself to 
be a minimally invasive and fast approach.
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