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Orbital decompression surgery and horse chestnut seed
extract improved superior orbital vein blood flow in
patients with thyroid-associated ophthalmopathy
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Abstract
· AIM: To evaluate the efficacy and safety of orbital
decomposition (OD) surgery in combination with horse
chestnut seed extract (HCSE), as compared to OD alone,
in patients with thyroid-associated ophthalmopathy (TAO).

·METHODS: Sixty-two orbits from 62 TAO patients were
randomly assigned to OD or OD +HCSE at 1:1 ratio (31
received OD alone, 31 received OD +HCSE). Forty -two
orbits from 21 healthy subjects were used as controls.
Complete ophthalmic examination and color Doppler flow
imaging (CDFI) were performed before surgery and 3mo
post -surgery on all 62 orbits from the TAO patients.
CDFI were also performed on the 42 control orbits. The
effect of OD +HCSE and OD alone on TAO orbits was
compared on several endpoints, including superior
ophthalmic vein blood flow (SOVBF) parameters, subjective
assessment, soft tissue involvement, lid retraction,
diplopia, eye movement restriction, degree of
exophthalmos, and intraocular pressure. The control
orbits were used as reference for the SOVBF parameters.

·RESULTS: OD surgery with or without HCSE improved
SOVBF, symptoms and soft tissue involvement,
decreased degree of exophthalmos and intraocular
pressure in orbits of TAO patients. The OD +HCSE
combination led to significantly better improvement of
SOVBF than OD alone. The differences between the
reductions of SOVBF in the two groups are 1.26 cm/s in
max-volecity and 0.52 cm/s in min-volecity ( <0.0001).

·CONCLUSION: SOVBF is significantly reduced in the
orbits affected with TAO, indicating that congestion may
be an important factor contributing to TAO pathogenesis.
OD surgery improves the SOVBF, and combination of

HCSE medication and OD surgery further improved
venous return than OD surgery alone.
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INTRODUCTION

T hyroid-associated ophthalmopathy (TAO) is an
autoimmune inflammatory process that affects the

periorbital and orbital tissues, mainly the extraocular muscles
and orbital fat [1]. The inflammation of these tissues
contributes to most of the manifestations of the diseases [2-3].
The degree of TAO severity can be classified as mild,
moderate to severe and sight-threatening based on the
quantitative assessment of some signs [4-5]. The early stage of
TAO is the active stage, congestive or inflammatory
stage. The end-stage is the non-mobile stage, fibrotic
stage[6-8]. Clinical activity score is usually used to evaluate the
activity of TAO. Whether it is due to autoimmunity or due to
congestion, tissue inflammation as demonstrated by the
computer-aided tomography [9-11] and color Doppler flow
imaging (CDFI) [12-15], may lead to the same clinical diagnosis
of the early active stage. However, choice of the treatment
and its prognosis would be different depending on which
cause, glucocorticoids would be effective for
autoimmune inflammation but not as much for congestion.
Currently, no objective index exists that can be used to
distinguish the inflammation predominantly caused by
autoimmunity from that predominantly caused by congestion.
Superior orbital vein (SOV) is the main vessel that guides
the blood backflow of orbital tissues. Several recent studies
have used CDFI to demonstrate that SOV flow was
significantly reduced in orbits with congestive TAO [12-16].
These studies lend support to the notion that venous
congestion plays a significant role in the pathogenesis in the
active stage of the orbitopathy and suggest that TAO patients
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could benefit from relief of SOV congestion by medical
and/or surgical treatments. Orbital decomposition (OD)
surgery was initially used to treat severe exophthalmos with
exposure keratitis and oppressive optic neuropathy. Recently,
more and more TAO patients have accepted OD to improve
their cosmetic appearance [17-20]. It has been suggested that OD
can ameliorate the blood backflow of SOV to alleviate the
swelling of orbital tissues [21-22]. To our knowledge, however,
no study has been conducted to evaluate the CDFI flow
parameters in patients with congestive orbitopathy receiving
treatment of OD in combination with a medicine to
ameliorate the blood backflow. Horse chestnut seed extract
(HCSE) is a medication used to ameliorate the venous
backflow. It normalizes the permeability of the venous wall,
prevents the leakage of fluid into the surrounding tissues and
thus, counteracts the development of an edema. With
pre-existing edema, it stimulates excretion of water and helps
reduce swelling. One tablet of HCSE is 150 mg and equal to
30 mg three iridoid glycoside. The pharmacological action of
HCSE is to obviously inhibit the activity of lysosomes in
serum by stabilizing lysosomal membrane stability and
blocking the metabolism of proteasomes.
The purpose of this study was to evaluate the effectiveness of
OD with or without HCSE on improvement of SOV blood
flow parameters measured by CDFI, subjective assessment
(symptoms) and signs in TAO patients before and after
treatment.
SUBJECTS AND METHODS
Study Design This open-label, prospective, interventional,
randomized and comparative study was conducted between
April 2009 and October 2012. The study followed the
principles of the Declaration of Helsinki. Approval from the
Ethics Committee of the Second Xiangya Hospital of Central
South University was obtained, and all of the participants
gave their informed consents.
A total of 62 patients (20 men and 42 women) with TAO
were recruited. Assuming a standard deviation of 0.9 in
post-surgery change from baseline in superior ophthalmic
vein blood flow (SOVBF), 31 subjects per group will
provide at least 91% power to detect a treatment difference
of 0.75 between OD+HCSE and OD group at a two-sided
significance level of 0.05.
Before the treatment, the degree of severity of each patient
was moderate to severe and the duration of orbitopathy of
each patient was more than two years. The diagnosis of TAO
was established according to the previously published
criteria [2]. If the patients were hyperthyroid or hypothyroid,
they were treated to become euthyroid 3mo, before
randomization. After screening and baseline assessment, the
patients were randomly assigned into two groups receiving
either OD alone or OD+HCSE combination in an open-label
manner.

Surgical Procedure and Ophthalmic Examinations The
patients received a complete ophthalmic examination
including evaluation of eyelid and conjunctiva inflammation
(pain, congestion and edema), measurement of the lid fissure,
hertel exophthalmometry, extraocular motility evaluation,
best corrected visual acuity, applanation tonometry, pupillary
reactions, slit lamp examination, fundoscopy, and visual field
evaluation with standard automated perimetry using the
ZEISS Humphrey Field Analyzer 750I (Carl-Zeiss Meditec,
Dublin, CA, USA). Both orbits of the patients were scanned
with 16-slice multi-detectors with a computer-aided
tomography scanner (Brilliance 16; Philips Medical Systems,
Nederland B.V., the Netherlands). After the ophthalmic
examination, the patients received CDFI with Voluson誖 E8,
an instrument made by General Electric (Austria). Maximum
and minimum blood flow in the SOV was determined in
both eyes while the patients were resting on a bed with head
being elevated for 30 degrees. During the examination, the
patients were requested to remain still with both eyes closed
and fixated straight ahead. The transducer was gently placed
over the closed eyes (right eye first), and care was taken to
avoid applying pressure to the eyes. Blood flow velocity was
measured in the superior nasal part of the SOV, anterior to
the point where it crosses the optic nerve. Velocity was
measured in each vessel several times until at least two good
readings were obtained, with the angle between the sound
beam and the blood flow direction being kept under 30
degrees. CDFI was performed on a total of 104 orbits,
including 42 from the 21 normal control subjects, 31 from
the group-A TAO patients before treatment and 31 from the
group-B TAO patients before treatment. All CDFI
measurements were performed by the same experienced
professional ultrasonographer who was blinded to the clinical
status of the patients. Maximum and minimum SOV blood
flow velocities (Vmax and Vmin) were recorded, and the
differential flow (DF) was derived by taking the difference
between Vmax and Vmin. Each group of orbits was initially
classified according to whether the flow in the SOV was
anteroposterior, absent (not detected), or posteroanterior
(reversed). The observed proportions were compared using
Fisher's exact test. For further statistical analyses using
parametric methods, the anteroposterior flow was expressed
in positive numbers, the undetected flow was assigned a
value of zero, and the posteroanterior flow was expressed in
negative numbers.
All patients received treatment of one-sided orbit with
two-wall OD, which included inside wall decompression
under nasal sinuses endoscope and lateral wall decompression.
Three days after the operation, patients of group A did not
take HCSE. The patients of the group-B took HCSE (300 mg

) orally for 3mo. No surgical or medical treatment was
performed on the normal control patients.
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The complete ophthalmic and CDFI examinations were
repeated 3mo after the operation. Patients' safety was
monitored during study period until the last follow up visit.
Study Endpoints The primary efficacy endpoint was the
change from baseline in maximal and minimal values of the
SOVBF after OD or OB+HCSE treatment. The secondary
endpoints included subjective assessment, soft tissue
involvement, lid retraction, diplopia, eye movement
restriction, degree of exophthalmos, intraocular tension.
Safety endpoints included impaired vision or blindness,
intraorbital hematoma and/or infection, as well as the overall
health status of the patients.
Statistic Analysis Statistical analyses were performed using
the SAS誖 Version 9.2 (Raleigh, NC, USA). The descriptive
statistics included mean values and standard deviation (SD)
or standard errors (SE) for continuous variables. Histograms,
univariate analysis and the Shapiro-Wilk test were used to
check the validity of the normality assumption. One-way
ANOVA was performed on the pre-surgery values of
SOVBF among the groups A (the OD treatment group), B
(the OD+HCSE treatment group), and C (the normal control
group), followed by pairwise comparisons between A and C,
B and C using the Fisher's least significant difference method
to control type I error rate for multiple testing. Similar
analyses were also done on the post-surgery values of
SOVBF of the A and B groups and the control values of the
C group. Moreover, paired -tests were done to evaluate the
treatment effect of the OD and OD+HCSE respectively. The
post-surgery change from baseline in the group B was
compared to that of group A by two-sample test to
compare the treatment effects between the two groups. All
above analyses were done for the Vmax, Vmin, and DF
respectively.
Sensitivity analysis was also conducted on the SOVBF
variables by using non-parametric methods such as
Kruskal-Wallis test and Wilcoxon Rank-sum test and the
results were similar to the above results from parametric
analyses.
For other variables, appropriate statistical methods were used
depending on categorical variable or continuous variable.
See results section for details.
A value of less than 0.05 was considered statistically
significant. Multiplicity was controlled where necessary.
RESULTS
Baseline Demographics and Characteristics The mean
age of the 31 patients (10 men and 21 women) of the OD
group (group A) was 56.8 依10.5y. The mean age of 31
patients (10 men and 21 women) of the OD+HCSE group
(group B) was 58.2依11.4y. The baseline demographics and
characteristics of the TAO patients in each group are listed
in Table 1. In comparison to the TAO patients, twenty one
subjects (7 men and 14 women, aged 59.3 依9.9y) healthy

euthyroid volunteers without ocular diseases were selected as
a control group (group C). There was no significant age
difference between the TAO patients and normal control
subjects ( =0.352).
Primary Endpoints
Superior ophthalmic vein blood flow SOV is the chief
vessel that guides the blood backflow of orbital tissues. In
the normal control subjects, SOV blood flow was detected in
38 orbits but not in 4 orbits. Reverse blood flow was not
observed. In orbits with TAO before OD, SOV flow was
absent in 5, present in 21 and reversed in 5 orbits before
treatment (Table 2). After OD treatment, SOV flow was
absent in 3, present in 28 and reversed in 0 orbits. These data
indicate that OD can significantly improve the venous flow
of SOV. In the orbits with TAO before OD+HCSE, SOV
flow was absent in 5, present in 21 and reversed in 5 orbits
before treatment. After treatment, SOV flow was absent in 5,
present in 26 but not reversed in any orbits. These results
indicate that OD+HCSE can remarkably improve the venous
flow of SOV. A significant difference was found between
the two groups of TAO orbits before treatment and the
control orbits. However, no significant difference was found
between the two groups of TAO orbits after treatment and
the control orbits. No significant difference was found
between two groups of TAO orbits before or after treatment.
The SOVBF velocity (Vmax, Vmin and DF) data are
illustrated in Figure 1 and the descriptive statistics and
values are presented in Tables 1 and 3. At the baseline
(Table 1), the Vmax, Vmin and DF were all significantly
decreased in the TAO group A or group B as compared to
the normal controls ( <0.001 for the ANOVA test and
post-hoc tests between both groups and the Control group
for all three variables). These results indicated a significant
reduction in SOV blood flow in TAO group of patients.
After OD or OD+HCSE treatment, the values of Vmax,
Vmin and DF in TAO were quite similar to the
corresponding values of the normal control group and the
ANOVA F tests were not significant for all three variables
( >0.1). The paired -tests in both groups A and B were

Table 1 Baseline demographics and characteristics              
Characteristics Group A Group B Group C P 
Age (a)  56.8±10.5 58.2±11.4 59.3±9.9 0.352 
Gender (n)     

M  10 10 7  
F  21 21 14  

SOVBF velocity 
(cm/s) 

    

Max  2.81±0.67 2.75±0.67 7.13±0.57 <0.0001 
Min 1.81±0.44 1.72±0.44 4.72±0.38 <0.0001 

DF  1.01±0.29 1.03±0.29 2.41±0.25 0.0002 
Group A: TAO patients randomized into OD treatment; Group B: TAO 
patients randomized into OA+HCSE treatment; Group C: Healthy control 
subjects. P<0.001 for group A compared to group C for Vmax, Vmin and DF. 
P<0.001 for group B compared to group C for Vmax, Vmin and DF. 
 

sx ±
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Figure 1 Plots of means and SE of the Vmax, Vmin and DF for control, pre OD, post OD, pre OD+HCSE and post OD+HCSE.

significant for all three variables ( <0.0001), indicating that
both OD and OD+HCSE significantly improved the SOV
blood flow. Furthermore, the comparisons between groups A
and B in terms of change from baseline in all three variables
were statistically significant ( =0.043), suggesting that
OD+HCSE further improved Vmax, Vmin and DF than OD
alone. Taken together, these results indicated that both OD
and OD+HCSE recovered the decreased SOVBF back to
normal levels while OD+HCSE led to statistically
significantly better improvement than OD alone.
Secondary Endpoints
Subjective assessment and soft tissue involvement In group
A, 22 patients (71%) subjectively reported improvement of

symptoms, 4 patients experienced deterioration of symptoms
(two worsening of congestion and two new diplopia) and 5
cases felt no difference after OD. In group B, 24 patients
(77% ) subjectively reported improvement of symptoms,
three patients experienced a deterioration of symptoms (two
worsening of congestion and one with new diplopia) and 4
cases felt no difference after OD+HCSE. These results
indicated that both OD and OD+HCSE improved the
symptoms, although there was no significant difference
between the 2 groups (Fisher's exact test: =0.521).
While there was no quantitative way to measure the edema
and swelling of soft tissue (eyelid or conjunctiva),
improvement after treatment was observed in most of the

Table 2 Detection and direction of blood flow in the SOV using CDFI in patients with TAO and control 
subjects                                                                                  n (%) 

SOV blood flow 
Groups 

Anteroposterior Posteroanterior (reverse) Not detected No. of orbits 

Controls 38 (90.5) 0 (0.0) 4 (9.5) 42 (100) 
TAO before OD 21 (67.8) 5 (16.1) 5 (16.1) 31 (100) 
TAO after OD 28 (90.3) 0 (0.0) 3 (9.7) 31 (100) 
TAO before OD plus HCSE  21 (67.8) 5 (16.1) 5 (16.1) 31 (100) 
TAO after OD plus HCSE  26 (83.9) 0 (0.0) 5 (16.1) 31 (100) 

Fisher’s exact test (P=0.003, controls compared with TAO before OD; P=0.003, controls compared with TAO before 
OD plus HCSE). Fisher’s exact test (P=0.597, controls compared with TAO after OD; P=0.622, controls compared 
with TAO after OD plus HCSE). 
Table 3 SOVBF velocity (cm/s) post-treatment comparisons                

SOV blood flow  Group A Group B Group C P 
3mo post-surgery    (F test) 

Max 6.47±0.64 7.67±0.64 7.13±0.57 0.4175 
Min 4.29±0.45 4.71±0.45 4.7±0.38 0.7280 
DF 2.18±0.27 2.96±0.27 2.41±0.25 0.1151 

Change from baseline    (Paired t test) 
Max 3.66±0.19 4.92±0.40 N/A <0.0001 
Min 2.48±0.16 3.00±0.19 N/A <0.0001 
DF 1.18±0.22 1.93±0.29  <0.0001 

Change from baseline Group B vs group A  (2-sample t test) 
Max 1.26±0.44  <0.0001 
Min 0.52±0.25  <0.0001 
DF 0.75±0.36  0.043 

Group A: TAO patients randomized into OD treatment; Group B: TAO patients randomized into OA+HCSE 
treatment; Group C: Healthy control subjects. P<0.0001 for group A change from baseline for Vmax, Vmin and DF. 
P<0.0001 for group B change from baseline for Vmax, Vmin and DF. P<0.0001 for group B vs group A comparison 
of change from baseline in both Vmax, and Vmin. P=0.043 for group B vs group A comparison of change from 
baseline in DF. 

sx ±
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patients (24 patients in group A and 28 in group B), as
demonstrated by the contrast in the pictures taken before
treatment and 3mo after treatment.
Lid retraction, diplopia and eye movement restrictions
Quantitative measurement of the lid fissure was performed to
evaluate lid retraction. There was no obvious change on lid
retraction after treatment and further minor cosmetical
operation was performed on some patients.
Before the treatment, most of the patients had varying degree
of diplopia (intermittent diplopia: present when the patients
were fatigued; inconstant diplopia: present at extremes of
gaze; constant diplopia: present in primary gaze). There was
no significant improvement 3mo after treatment.
Eye movement restrictions in the field of action of the
superior rectus muscle (elevation) due to inferior rectus
restriction and of the lateral rectus muscle (abduction) due to
medial rectus restriction were graded from 0 (no limitation)
to 4 (absence of eye movement from primary position in the
muscle's field of action). Grades 1, 2 and 3 restrictions
indicated 75%, 50%, and 25% excursion, respectively, from
the primary position, either by elevation (restriction caused
by the inferior rectus) or by abduction (restriction of the
medial rectus). A combined restriction index ranging from 0
to 8 was calculated by adding the two scores. However, there
was no significant improvement on eye movement
restrictions after treatment.
Degree of exophthalmos To decrease the degree of
exophthalmos is one of the aims of various therapeutic
methods for TAO. The effects of OD and OD+HCSE on
decreasing the degree of exophthalmos in TAO patients were
also examined and the results were presented in Table 4.
Both OD and OD+HCSE appeared to remarkably decrease
the degree of exophthalmos after treatment. However, the
differences between the two treatments in decreasing the
degree of exophthalmos was not statistically significant
(Fisher's exact test: =0.438).
Intraocular pressure The increase in intraocular pressure
(IOP) is one of the signs of TAO, which is caused by the
obstruction of venous return. We examined the effects of
both OD and OD+HCSE on decreasing the IOP in TAO
patients and the results were presented in Table 5, which
clearly showed that both OD and OD+HCSE decreased the
IOP but there was no statistically significant difference between
OD+HCSE and OD alone (Fisher's exact test: =0.372).
Safety Endpoints Although the risks of HCSE are
infrequent, it may contain significant risk for the patients
who use anti-coagulants. No patients in this study used
anti-coagulants and monitoring of platelets and prothrombin
time was used for each patient every other month. There was
no safety issue with either treatment. The patients' overall
health status in the OD and OD+HCSE groups were
comparable before or after treatment.

DISCUSSION
Autoimmunity is likely the primary mechanism involved in
the pathogenesis of TAO. A number of clinical and
experimental findings have suggested that orbital venous
blood flow congestion contributes to the development of
clinical signs and symptoms ( proptosis, muscle
restriction, periorbital swelling, and chemosis) during the
active stage of this disease [21,23]. Previous studies have
indicated that experimentally induced orbital venous stasis
could closely mimic many of the clinical changes that occur
in TAO [23] and that the existence of severe venous stasis in
the orbits may be related to the development of dysthyroid
optic neuropathy[12]. Doppler parameters of maximal velocity
in SOV appear to be helpful in the differentiation of active
phase from inactive phases of Graves' ophthalmopathy [24].
The decrease in SOV-BFV increases the severity of Graves'
orbitopathy [25]. OD surgery was shown to promptly improve
the congestive signs of TAO patients [21]. All of these studies
have indicated that orbital venous stasis (especially stasis of
the SOV which is the main vein in the orbit) is also an
important mechanism involved in the TAO pathogenesis.
Thus improvement of orbital venous stasis could be an
effective approach to treating TAO. OD is a very effective
method to improve the SOV-BFV and ameliorate the clinical
signs and symptoms of TAO. In this study, we not only
confirmed the effectiveness of OD, but also for the first time
applied HCSE in combination with OD and demonstrated
better efficacy by OD+HCSE than OD alone in promoting
venous return, suggesting OD+HCSE could be a better way
to treat TAO than OD alone.
CDFI allows simultaneous imaging of the anatomic
structures by B-mode ultrasonography with superimposed
color-coded vascular flow. The current study confirmed a
significant difference in CDFI parameters between orbits
with TAO before treatment and controls or orbits with TAO
following treatment. Reversed and absent blood flows were
observed in 5 each out of 31 orbits with TAO group A
before treatment, respectively. Similarly, reversed and absent
blood flows were observed in 5 each out of 31 orbits with
TAO group B before treatment, respectively. After
treatment, the reverse of blood flow was corrected, and the
blood flow was significantly increased to a level that was

Table 4 Decreasing the degree of exophthalmos after OD and OD 
plus HCSE treatments                        n=31 cases, n (%) 

Decreasing degree ≤2 mm 3-4 mm ≥5 mm P 
TAO after OD  2 (6.4) 10 (32.3) 19 (61.3) 
TAO after OD+HCSE 2 (6.4) 9 (29.0) 20 (64.6) 

0.438 

 Table 5 Decreasing degree of the IOP after OD and OD plus HCSE treatments       
n=31 cases, n (%) 

Decreasing degree of IOP ≤2 mm Hg 3-4 mm Hg ≥5 mm Hg P 
TAO after OD  10 (32.3) 18 (58.1) 3 (9.6) 
TAO after OD+HCSE 8 (25.8) 19 (61.3) 4 (12.9) 

0.372 
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similar to the healthy control group, suggesting that venous
congestion is the most likely factor contributing to the
pathogenesis of this condition. Our data showed that SOV
maximum velocity, SOV minimum velocity and DF velocity
were all significantly lower in TAO than those in controls or
TAO after treatment, which are consistent with results from
several previous studies [12,16,21]. These findings strongly
indicated the existence of severe venous stasis in the orbits
of TAO. Previous studies have shown the effectiveness of
OD in raising the velocity of SOV [21-22]. We conducted this
study to test the hypothesis that adding a medication HCSE
to OD would further improve the venous return and the TAO
outcome. Indeed, our results have demonstrated that all SOV
velocity parameters (Vmax, Vmin and DF) after OD+HCSE
were significantly higher than that after OD alone,
confirming our hypothesis.
We also evaluated the amelioration of the symptoms and
signs, and the improvement in the quality of life for the
patients. The subjective assessment and soft tissue were
improved after treatment with OD or OD+HCSE because
both ameliorated the venous flow and decreased the edema
of soft tissues. However, lid retraction, diplopia and eye
movement restriction were not improved, which can be
explained by the fact that the duration of orbitopathy was
more than one year and the muscles (levator muscle of upper
eyelid and extraocular muscles) have been fibrotic.
To decrease the degree of exophthalmos is one of the aims
of various therapeutic methods to treat TAO, especially for
cosmetic enhancement. All other methods except OD are
ineffective for those patients in active stage caused by
congestion or in fibrotic stage. However, OD with or without
HCSE significantly decreased the degree of exophthalmos.
The increasing IOP, mainly caused by the obstruction of
venous return, is one of the signs of TAO. Our data showed
that OD with or without HCSE remarkably decreased the
IOP.
There are certain limitations of our study. A blind,
placebo-controlled study design would have been better to
reduce the potential bias. However, due to practical reasons,
this study was conducted as an open-label study without
placebo control.
In conclusion, the CDFI data obtained in this study and
previous studies may be useful for the management of TAO.
Traditional treatment of TAO in the acute stage using
corticosteroids, immune-suppressant or radiotherapy is
immunosuppressive. However, corticosteroids may be
contraindicated in some patients while radiotherapy may not
be available in some hospitals/clinics. Moreover, congestive
signs sometimes remain despite adequate treatment and may
require OD to get cosmetic effect. Thus, persistently reduced
or reversed SOV blood flow despite adequate treatment may
be an indication for OD in certain TAO patients.

Furthermore, adding a drug (such as HCSE) to OD for
promoting venous return is also helpful to effectively
improve the outcome.
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