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Patients with glaucoma can show blood ﬂow anomalies at the eye vessel level. A causal relationship is
reasonably expected, but so far, it has not been demonstrated. Traditional Chinese medicine indicates
that acupuncture can promote speciﬁc blood perfusion in speciﬁc body districts. Ninety-eight patients
with open-angle glaucoma were treated with an ultralow lightelevel laser, according to a speciﬁc
acupuncture protocol, and their blood ﬂow was measured before and after a six-week treatment cycle.
Doppler measurements showed signiﬁcant modiﬁcations in both pulsatility and resistivity indexes. The
most relevant outcome of this study is that the applied treatment demonstrated its effectiveness not only
in vasodilation but also in perfusion control that seems to restore appropriate functionality. The protocol
therefore should be investigated in future controlled studies and perhaps in other blood perfusion
erelated pathologies.
© 2020 Medical Association of Pharmacopuncture Institute, Publishing services by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

2. Materials and methods

It is well known that in several eye pathologies, open-angle
glaucoma among them, blood ﬂow anomalies can be observed that
are deemed to be among concurring factors for the pathology itself
[1e4]. Acupuncture treatment, applied according to traditional
Chinese medicine, can modify blood ﬂow parameters and is well
known [5].
Patients with open-angle glaucoma reporting to the Oculistica
Viva Eye Clinic are routinely treated by ultra-low-level laser therapy (ULLLT), according to an acupuncture protocol, and subjected to
color Doppler measurement both before and after treatment. Such
a measurement, on such tiny vessels, does require a speciﬁc skill by
the operator, and this study is a special tribute to the skill of the late
Dr. Cipriano Ridolﬁ, who collected the majority of the included
data. The present study reports a retrospective analysis of the evidence provided by 98 patients at different glaucoma stages.

2.1. The sample

* Corresponding author. Eng e Medical Devices R&D, Sal. Maggiolo di Nervi, 7,
16167 Genova, Italy.
E-mail addresses: marziovanzinistudio@gmail.com (M. Vanzini), michele.
gallamini@fastwebnet.it (M. Gallamini).

Ninety-eight subjects affected by open-angle glaucoma reported
to the Oculistica Viva ophthalmic clinic.
All patients, duly informed, gave their written consent both to
the treatment and to the data collection.
It is known that this pathology does not depend on the sex of the
patient; all the data were therefore pooled in a single sample.
2.2. Laser acupuncture treatment
Within the two weeks after the ﬁrst measurement, a six-weekly
session treatment protocol was started. The treatment was applied
by means of the BioliteLP020® (RGMD SpA, Italy). The same operator, a certiﬁed acupuncture ophthalmologist medical doctor (MD),
performed one treatment session weekly for six weeks.
The device features ULLLT with a square-wave, modulated
emission [6] whose effectiveness in acupuncture-derived treatments had been previously demonstrated [7].
The main characteristics of the BioliteLP020® are as follows:
laser emission wavelength: l ¼ 670 nm; radiated power: peak ¼
5 mW, average ¼ 0.05 mW; spot surface: z 0.13 cm2; and squarewave modulation: frequency ¼ 100 Hz, duty cycle ¼ 1%.

https://doi.org/10.1016/j.jams.2018.11.005
2005-2901/© 2020 Medical Association of Pharmacopuncture Institute, Publishing services by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2.3. Selected acupoints
The selection is the same that was successfully applied in the
treatment of amblyopia [8] and includes the following:
 LI1dadded for its well-known effectiveness in improving blood
ﬂow in the cerebral arteries and in the central retina arteries,
useful in many eye pathologies.
 LI4dthe master point for the head and neck. It is well known for
its effects on blood circulation, namely, in the cerebral and
retinal arteries [9,10].
 LI7dselected because we have experienced its support of other
LI points in the circulatory functions.
 LI20dselected because it is known for a speciﬁc channel to ST1
(stimulating the Qi ﬂow to the face).
 BL1, ST1, GB1, TE23, and EX-HN5dadded because they are
known to be speciﬁc to eye and vision pathologies.
The acupoint location is described in Table 1 and shown in Fig. 1.
These criteria were derived from the speciﬁcally referenced
documents and from several traditional Chinese medicine textbooks listed as general references [11e20]. Unfortunately, some of
the latter are out of print or generally not easy to ﬁnd.
The points were stimulated bilaterally. Each of the selected
points was stimulated with 20 half-second ﬂashes (ﬂash repetition
rate: 1/sec) using the Biolite®. The tip of the emitting probe was
kept at some 30 mm from the skin (spot area: 0.13 cm2) and
perpendicular to the selected acupoint.
2.4. Color Doppler measurements
The reproducibility of the central retina artery measurement has
been demonstrated [21]. Measurements were performed using
Antares (Siemens) using a VFX 9-4 probe. According to the Antares
manual, its main performances related to our measurement are as
follows: ﬂow speed range, 10e600 cm/sec and tolerance on ﬂow
(probe at 45 ), 10%.
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 Resistivity index: The resistivity index (RI) (known also as the
Pourcelot Index) is deﬁned as the ratio between the difference of
the maximum and minimum ﬂow speeds and the maximum
(diastolic) speed.

RI ¼

ðPsv  EdvÞ
Psv

 Pulsatility index: The pulsatility index (PI) is deﬁned as the ratio
between the difference of the maximum and minimum ﬂow
speeds and the mean ﬂow speed.

PI ¼

2  ðPsv  EdvÞ
ðPsv þ EdvÞ

Such parameters were measured for the central retina artery
[25].
2.6. Statistical analysis
The results were analyzed with the assistance of Dr. T. F. Piccinno, PhD (V.I.E. srl, Genoa). Analyses were performed using R
statistical software [26] and the lme4 package [27].
2.7. Participants
Ninety-eight participants with glaucoma were enrolled in this
study. The mean age was 60.71 ± 13.15 (range ¼ 20e84). Women
comprised 65% of the sample (N ¼ 64).
PI and RI measures were taken before and after the treatment for
each eye. The interval between the ﬁrst and the second measurements (D days) varied between 19 and 1717 days
(mean ¼ 209.42 ± 253.86 days). The participants were clustered in
ﬁve quantiles, according to the values measured at the ﬁrst measurement. Table 2 shows the PI and RI value ranges for each quantile.
3. Results

2.5. Measurements

3.1. Main evidence

The central retina artery measurements performed using
Antares have provided the most used indexes [22e24], calculated
from the ﬂow speed [(peak systolic velocity, Psv) and (end-diastolic
velocity, Edv)]:

The data with the results of the measurements in Table 3 show
only a very small modiﬁcation of the mean of PI and RI scores.
However, a quick look at the plot of the second versus the ﬁrst
measurements shows an unexpected behavior (see Fig. 2). By
applying the interocular trauma test (ﬁrst invented by Joe Berkson
at the Mayo Clinic: “Plot the data, and if the result hits you between
the eyes, it's signiﬁcant.”), we could not but be struck by the
apparent clockwise rotation of the distribution and by the signiﬁcant contraction of the standard deviation of the measures. The
diagonal line showing the “no change” reference further suggested
a sort of normalizing effect that convinced us to deepen the statistical analysis along that line.
PI and RI are indexes currently used in blood ﬂowmetry proportional to the arteries' compliance and to the blood ﬂow rate.
Akarsu and Bilgili [25] demonstrated the normal values for such
parameters. The difference between velocities [(peak systolic velocity, Psv) and (end-diastolic velocity, Edv)] probably grows with
arterial stiffness, but an excessive artery compliance might affect
the blood ﬂow pressure negatively. For this reason, Akarsu and
Bilgili [25] set a reference: the measured indexes should not exceed
either the upper or the lower limit across the given indications.
It was immediately self-evident that a beneﬁcial effect followed
the laser acupuncture treatment (see graphs in Fig. 2); we then
decided to examine deeper to make sure that there were no confounding factors. Statisticians, with appropriate tools and methods,

Table 1
Selected acupoints.
Acupoint

Location

BL1
LI1

Jingming
Shangyang

LI4

Hegu

LI 7
LI20

Wenliu
Yingxiang

ST1

Chengqi

GB1

Tongzijiao

TE23

Sizhukong

EX-HN5

Taiyang

Just above the inner canthus of the eye
Just behind the corner of the nail on the
radial side of the index ﬁnger
In the middle of the 2nd metacarpal
bone on the radial side
5 cun above the crease of the wrist.
In the nasolabial groove, level with the
midpoint of the lateral border of the ala
nasi
Below the pupil, between the eyeball
and the infraorbital ridge
Slightly lateral to the outer canthus of
the eye in a depression on the lateral
side of the orbit
In a depression at the lateral end of the
eyebrow
At the temple, in a depression about 1
cun posterior to the midpoint between
the lateral end of the eyebrow and the
outer canthus of the eye.
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BL1
ST1
LI20

TE23
EX-HN5
GB1

LI7

LI4

LI1

Figure 1. The selected acupoints. Image adapted from an original by courtesy of Fremslife, Genoa, Italy.
Table 3
Average values' modiﬁcations.

Table 2
Analyzed values' intervals.
Interval

Pulsatility index

Resistivity index

Q1
Q2
Q3
Q4
Q5

PI < 0.85
0.85 < PI < 1.05
1.05 < PI < 1.28
1.28 < PI < 1.46
PI > 1.46

RI < 0.61
0.61 < RI < 0.71
0.71 < RI < 0.78
0.78 < RI < 0.82
RI > 0.82

PI ¼ pulsatility index; RI ¼ resistivity index.

demonstrated that age and gender were not introducing any statistically signiﬁcant difference and that the beneﬁcial effect was not
signiﬁcantly affected by the differences in time difference between
the ﬁrst and second measurements.
For this purpose, we grouped the population into quantiles according to homogeneity indexes (Tables 2 and 3), and we plotted
the measurements on a post-treatment versus pretreatment graph
(see Fig. 3) (see Fig. 4).

Average
Standard
deviation
Median
Reference
(*)
[25]

Pulsatility index

Resistivity index

Pretreatment

Post-treatment

Pretreatment

Post-treatment

1.167
0.347

1.143
0.237

0.713
0.125

0.699
0.083

1.145
1.018

1.120

0.725
0.675

0.700

3.2. The statistical evaluation
Two linear mixed models were speciﬁed to predict the PI and RI
independently. Fixed effects were time of measurement (T1 before
treatment, T2 after treatment), interval of the ﬁrst measurement
(Q1, Q2, Q3, Q4, and Q5), the participant's gender (male, female)
and age (years), and the time difference (days) between T1 and T2;
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Figure 2. Pulsatility and resistivity indexes, after vs. before treatment. In the two graphs, individual measurements are compared: post-treatment values on the vertical axis versus
pretreatment ones on the horizontal axis. The two axes have the same limits, and obviously, the diagonal line from the origin to the upper right corner represents the no change line.
By plotting the values while observing that the mean value is almost on the no change line, a rotation of the linear trend regression line toward the horizontal line is apparent. The
clockwise rotation, that is conﬁrmed also by the much smaller standard deviation shown by the error bars on the mean value, tells that low pretreatment values were increased by
the treatment, whereas high pretreatment values were reduced. This rotation suggests a regulatory effect of the treatment. PI ¼ pulsatility index; RI ¼ resistivity index.

the participant's ID was the clustering variable. In addition, the
interaction between time of measurement and interval was
included to test whether changes in the PI and RI scores after the
treatment varied between intervals. We hypothesized that the
treatment could normalize the scores of the RI and PI, reducing toohigh scores and increasing too-low scores.
Linear mixed models are linear regression models, in which
both ﬁxed effects and random effects are speciﬁed [28]. A random
effect is generally something that can be expected to have a
nonsystematic or unpredictable (thus considered random) inﬂuence on the outcome variable. Introducing random effects in the
model allows generalizing over the idiosyncrasies of single clusters
(in this case, participants). In this case, random effects could be
different levels of the PI and RI across participants (intercepts) and
different effects of the treatment across participants (slopes). Fixed
effects, on the other hand, are expected to have a systematic and

predictable inﬂuence on outcome variables. While ﬁxed effects
exhaust all the levels of a factor, random effects sample from the
population of interest. If data are clustered, a linear mixed model
that properly accounts for clustering provides more power. The
intraclass correlation coefﬁcient was computed to determine the
proportion of total variance in the PI and RI that was accounted for
by the participants' differences. The intraclass correlation coefﬁcients were 0.50 and 0.47 for the PI and RI, respectively; these
results suggested that the speciﬁcation of a linear mixed model was
needed because the clustering [28] accounted for more than 5% of
the variance of the outcome variables.
Null models, ﬁxed effects with random intercept models, and
ﬁxed effects with random intercept and slope models were
compared. The latter model had better goodness of ﬁt when
indexed by information indices (Akaike information criterion and
Bayesian information criterion; smaller values indicate better ﬁt),
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Figure 3. Pulsatility index (PI) and resistivity index (RI) by quantiles, after vs. before treatment. On the same type of graph used in Fig. 2, post-treatment vs pretreatment values that
have been grouped by pretratment value intervals of both pulsatility index (PI) and resistivity index (RI) are plotted. The clockwise rotation is even more clear, and data are
converging toward the values (hypertension, glaucoma, and control) discussed in the article by Akarsu and Bilgili [25].
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Figure 4. Modiﬁcations by quantiles. The change of mean values for each quantile is plotted and demonstrates their convergence toward the standard values proposed by the
referenced literature. Legend: (*) reference values according to Akarsu C., Bilgili M.Y.K. (2004). PI ¼ pulsatility index; RI ¼ resistivity index.

and therefore, we considered its results. Time and interval were
signiﬁcant predictors of both the PI and RI. The interaction between
time and interval signiﬁcantly predicted the PI and RI; these results
support the hypothesis of normalization of the scores after the
treatment because higher scores tended to decrease toward normal
values, whereas smaller scores tended to increase toward normal
values.
Age (RI: b ¼ 0.0006, p ¼ 0.3; PI: b ¼ 0.0003, p ¼ 0.05) and gender
(RI: b ¼ 0.013, p ¼ 0.49; PI: b ¼ 0.007, p ¼ 0.121) had no signiﬁcant
effect on the outcome variables. The difference in days between T1
and T2 (RI: b ¼ 0.00002, p ¼ 0.01; PI; b ¼ 0.00005, p ¼ 0.27) had
a signiﬁcantly negative effect on the RI and no signiﬁcant effect on
the PI. Each day produced an expected mean decrease of 0.00002 in
the RI score on average, whereas treatment (time) produced, on
average, a much stronger increase of RI scores (0.1513) and PI scores
(0.417). The same analyses were performed on two reduced samples [Model C included only participants tested twice in two years
(D days < 730); Model D included only participants tested twice in
one year (D days < 365)]; the results were consistent across models,
conﬁrming that the changes of the outcome variables were not
related to the time difference between the two measurements (T1
and T2). Tables 4 and 5 show the results of the analysis.

4.1. Ultrasound Doppler measurements
Although the statistical signiﬁcance is very high for both indexes, the clinical meaning of these is worth a comment. Although
there are few doubts about the RI giving the difference between
systolic and diastolic ﬂows relative to the systolic ﬂow, the PI that is
normalizing the same difference to the average ﬂow enjoys less
consensus [23]. The PI is in fact generally applied to larger vessels in
which a ﬂow reversal can be observed. It might be worth, however,
remarking that in our study, both indexes were behaving the same
way.
4.2. Observed modiﬁcations
Measured values after the treatment show a trend toward
standard reference values. If a modiﬁcation could be expected, as
suggested by many acupunctural indications [29e34], toward a
higher perfusion or toward a reduction of the intraocular pressure
[35] (although there is no formal consensus yet [36,37]), the regulatory effect that our study reports would be in all respects a
novelty worth a speciﬁc note.
4.3. Clinical relevance

4. Discussion
It is known that open-angle glaucoma bearers generally show
poor blood ﬂow parameters. Our study aimed to demonstrate that a
speciﬁc laser acupuncture protocol could ameliorate both the PI
and the RI in patients with open-angle glaucoma.
Restoring appropriate blood ﬂow is obviously beneﬁcial to the
eye, but it is hard to demonstrate a therapeutic effect of laser
acupuncture over a complex pathology such as open-angle
glaucoma.
Given the variability of open-angle glaucoma conditions, the
rather large cohort of patients that was examined could afford a
signiﬁcant result only in terms of blood ﬂow. The suggested further
analysis of ophthalmic parameters that could support a conclusion
in terms of therapeutic indications will be performed on more
homogeneous and numerically signiﬁcant samples.

Far from expressly conclusive remarks, we wish to propose the
possible action of laser acupuncture beyond the vasomotion effect
and on the physiological ﬂow control mechanism, even more so
because the choroid ﬂow lacks a speciﬁc autonomous ﬂow control
capable of reacting to blood or eye pressure anomalies, causing ﬂow
anomalies.
4.4. Therapy implications
The measurements were started to focus on treatment of the
possible causes of open-angle glaucoma. The results are rather
encouraging because they show a beneﬁcial effect on the blood
ﬂow parameters, lasting to the medium-term observation
(206 days). It is worth indicating that no adverse effects were
observed.
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Table 4
Pulsatility index.

Fixed effects
Intercept
Time
Interval
Q1 vs Q2
Q1 vs Q3
Q1 vs Q4
Q1 vs Q5
Age
Gender
DDays
Time*Q1 vs Q2
Time*Q1 vs Q3
Time*Q1 vs Q4
Time*Q1 vs Q5
Random effects
Intercept
ID
Corr
Residual
Goodness of ﬁt
Deviance
AIC
BIC

PI null model

PI Model A

PI Model B

PI Model C

PI Model D

1.147

0.642***
0.342***

0.695***
0.417***

0.700***
0.421***

0.714***
0.396***

0.225***
0.403***
0.642***
0.898***
0.001
0.026
0
0.222***
0.346***
0.548***
0.714***

0.229***
0.409***
0.644***
0.921***
0.001
0.011
0
0.260***
0.415***
0.642***
0.892***

0.225***
0.407***
0.640***
0.921***
0.001
0.011
0
0.257***
0.421***
0.653***
0.893***

0.227***
0.411***
0.643***
0.926***
0.000
0.013
0
0.230***
0.390***
0.613***
0.851***

0.044

0.007

0.045

0.021

0.000
0.033
1
0.011

0.000
0.033
1
0.011

0.000
0.031
1
0.011

50.8
56.8
68.7

311.1
281.1
221.9

448.4
414.4
347.2

419.4
385.4
319.2

352.3
318.3
254.5

*p < 0.05.
**p < 0.01.
***p < 0.001.
AIC ¼ Akaike information criterion; BIC ¼ Bayesian information criterion; PI ¼ pulsatility index.
Number of observations: 383, groups: ID, 98.
Model A ¼ ﬁxed effects and random intercept. Number of observations: 383, groups: ID, 98.
Model B ¼ ﬁxed effects, random intercept and slope covariance. Number of observations: 383, groups: ID, 98.
Model C ¼ Model B with Delta days < 730. Number of observations: 363, groups: ID, 93.
Model D ¼ Model B with Delta days < 365. Number of observations: 315, groups: ID, 81.

Table 5
Resistivity index.

Fixed effects
Intercept
Time
Interval
Q1 vs Q2
Q1 vs Q3
Q1 vs Q4
Q1 vs Q5
Age
Gender
DDays
Time*Q1 vs Q2
Time*Q1 vs Q3
Time*Q1 vs Q4
Time*Q1 vs Q5
Random effects
Intercept
ID
Correlation
Residual
Goodness of ﬁt
Deviance
AIC
BIC

RI null model

RI Model A

RI Model B

RI Model C

RI Model D

0.706

0.527***
0.142***

0.529***
0.151***

0.530***
0.148***

0.5279***
0.1486***

0.110***
0.190***
0.249***
0.305***
0.000
0.005
0.000
0.118***
0.189***
0.236***
0.244***

0.110***
0.189***
0.248***
0.309***
0.000
0.007
0.000*
0.121***
0.188***
0.242***
0.284***

0.107***
0.186***
0.246***
0.303***
0.000*
0.007
0.000
0.118***
0.185***
0.240***
0.281***

0.108***
0.185***
0.246***
0.302***
0.000*
0.006
0.000*
0.120***
0.180***
0.239***
0.282***

0.004

0.000

0.005

0.002

0.000
0.002
1.000
0.001

0.000
0.002
1.000
0.001

0.000
0.002
1.000
0.001

828
822
810

1312
1282
1223

1431
1397
1330

1365
1331
1265

1174
1140
1076

*p < 0.05.
**p < 0.01.
***p < 0.001.
AIC ¼ Akaike information criterion; BIC ¼ Bayesian information criterion; RI ¼ resistivity index.
Null model. Number of observations: 387, groups: ID, 98.
Model A ¼ ﬁxed effects and random intercept. Number of observations: 387, groups: ID, 98.
Model B ¼ ﬁxed effects, random intercept and slope covariance. Number of observations: 387, groups: ID, 98.
Model C ¼ Model B with Delta days < 730. Number of observations: 363, groups: ID, 93.
Model D ¼ Model B with Delta days < 365. Number of observations: 315, groups: ID, 81.
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5. Conclusion
Far from suggesting a possible therapeutic value of this protocol
for open-angle glaucoma, we conclude that the ULLLT acupuncture
treatment is an effective way to reduce anomalies of blood ﬂow in
the central artery of the retina in patients with open-angle
glaucoma.
Declaration of competing interest
The authors declare no conﬂict of interests. Michele Gallamini,
coauthor of the design of the device, is not holding any right on
device production.
Acknowledgments
This study was made possible primarily by the skill and dedication of the late Dr. Cipriano Ridolﬁ, to whom the authors are
indebted for his professionalism and human touch in performing
these measurements. The authors join his family and assistants in
the memory of a great medical doctor. The authors also thank
Professor Carlo Chiorri of Genoa University and VIE Srl for the
 di
statistical evaluation and Professor Lorenzo Derchi of Universita
Genova for advice in support of understanding the clinical meaning
of the Doppler measurements.
References
[1] Cherecheanu AP, Garhofer G, Schmidl D, Werkmeister R, Schmetterer L. Ocular
perfusion pressure and ocular blood ﬂow in glaucoma. Curr Opin Pharmacol
2013 Feb;13(1):36e42. Review.
[2] Dimitrova G, Tamaki Y, Kato S. Retrobulbar circulation in patients with agerelated maculopathy. Eye (Lond). 2002 Sep;16(5):580e6.
[3] Schmidl D, Garhofer G, Schmetterer L. The complex interaction between
ocular perfusion pressure and ocular blood ﬂow - relevance for glaucoma. Exp
Eye Res 2011 Aug;93(2):141e55.
[4] Kurysheva NI, Parshunina OA, Shatalova EO, Kiseleva TN, Lagutin MB,
Fomin AV. Value of Structural and Hemodynamic Parameters for the Early
Detection of Primary Open-Angle Glaucoma. Curr Eye Res 2016 Jun 24:1e7.
[5] Takayama S, Watanabe M, Kusuyama H, Nagase S, Seki T, Nakazawa T, et al.
Evaluation of the effects of acupuncture on blood ﬂow in humans with ultrasound color Doppler imaging. Evid Based Complement Alternat Med
2012;2012:513638.
[6] Baratto L, Calz
a L, Capra R, Gallamini M, Giardino L, Giuliani A, et al. Ultra-lowlevel laser therapy. Lasers Med Sci 2011 Jan;26(1):103e12.
[7] Gallamini M, D'Angelo G, Belloni G. Biolite: A Patented Ultra-Low-Level LaserTherapy Device for Treating Musculoskeletal Pain and Associated Impairments. J Acupunct Meridian Stud 2015 Aug;8(4):167e74.
[8] Vanzini M, Gallamini M. Amblyopia: Can Laser Acupuncture be an Option?
J Acupunct Meridian Stud 2016 Oct;9(5):267e74.
[9] Wang G, Tian Y, Jia S, Litscher G, Zhang W. Evaluate laser needle effect on
blood perfusion signals of contralateral hegu acupoint with wavelet analysis.
Evid Based Complement Alternat Med 2012;2012:103729.
[10] L'acuponcture chinoise. Paris: Mercure de France, 1939-1941. Published in
English as Chinese acupuncture, edited by Paul Zmiewski, vol. 2. Brookline,
MA: Paradigm Publications; 1994. ISBN 978-0-912111-31-5.
[11] Hempen CH. dtv-Atlas Akupunktur, München. Deutscher Taschenbuch Verlag
GmbH&Co. KG; 1997.
[12] Vanzini M, Monti A. Sinossi dell’anatomia, ﬁsiologia e patologia dei punti di
agopuntura. In: Montes, editor; 1980.
[13] Qi-ping Wei, Rosenfarb Andy, Liang Li-na. Ophthalmology in Chinese Medicine People's medical. publishing house; 2011. ISBN: 9787117142670.

47

[14] Peking Traditional Chinese Medicine Academy Theoretical and Practical
Acupuncture Manual [It. Language version by Accademia di medicina tradizionale cinese di Pechino. Roma: La Citta del Sole; 1979.
decine traditionnelle chinoise (Shanghaï, Chine). Traite

[15] Institut de me
decine traditionnelle chinoise de l'Institut de me
decine
d'acupuncture : me
chinoise de Shanghaï. 2, Anatomie et physiologie de l'acupuncture : les points/
traduction et adaptation du chinois sous la direction de C. Roustan. Paris New
York: Barcelone Edition Masson; 1979.
[16] Chamfrault A. Traite de medicine chinoise Edition Coquemard (France). 1954.
[17] Darras JC. Trattato di agopuntura medica Edition Montes Bologna. 1980.
[18] Niboyet Cours d’acupuncture Edition Maisonneuve (France). 1977.
nie et pathologie e
nerge
tiques en me
decine
[19] Van Nghi N. Picou Pathoge
chinoise: Traitement par acupuncture et massages Marseille. 1977.
[20] Duan J, Zhou H, Chen X, Pan X, Yuan X, Li X, et al. Study on visual evoked
potential to show the relationship between the eyes and the twelve regular
channels. J Tradit Chin Med 1998 Jun;18(2):140e5. A.
 RA, Velarde LG, Monteiro VN, Netto HC. Doppler
[21] de Oliveira CA, de Sa
velocimetry of the ophthalmic artery: reproducibility of blood ﬂow velocity
measurements. J Ultrasound Med 2012 Jun;31(6):879e84.
[22] Thompson RS, Trudinger BJ, Cook CM. Doppler ultrasound waveform indices:
A/B ratio, pulsatility index and Pourcelot ratio. Br J Obstet Gynaecol 1988
Jun;95(6):581e8.
[23] Abdominal and general ultrasound Meire, Hylton B. 2nd ed. London ; New
York: Churchill Livingstone; 2001. p. 96e7. Chapter 6 Doppler.
[24] Canning CR, Restori M. Doppler ultrasound studies of the ophthalmic artery.
Eye (Lond). 1988;2(Pt 1):92e5.
[25] Akarsu C, Bilgili MY. Color Doppler imaging in ocular hypertension and openangle glaucoma. Graefes Arch Clin Exp Ophthalmol 2004 Feb;242(2):125e9.
Epub 2003 Dec 9.
[26] R Core Team. R: A language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing; 2016. URL, https://
www.R-project.org/.
[27] Douglas Bates, Maechler Martin, Ben Bolker, Walker Steve. Fitting Linear
Mixed-Effects Models Using lme4. Journal of Statistical Software 2015;67(1):
1e48.
[28] Hoox JJ. Multilevel Analysis. Techniques and Applications. 2nd ed. Hove, UK:
Routledge; 2010.
[29] Huang T, Yang L, Jia S, Mu X, Wu M, Ye H, et al. Capillary blood ﬂow in patients
with dysmenorrhea treated with acupuncture. J Tradit Chin Med 2013
Dec;33(6):757e60.
[30] Min S, Lee H, Kim SY, Park JY, Chae Y, Lee H, et al. Local changes in microcirculation and the analgesic effects of acupuncture: a laser Doppler perfusion
imaging study. J Altern Complement Med 2015 Jan;21(1):46e52. Epub 2014
Oct 29.
[31] Li XM, Li YQ, Zhou D, Liu YY, Li YH, Liu JW, et al. Inﬂuence of different
acupuncture manipulations at Zusanli (ST 36) on skin microcirculation blood
perfusion in healthy subjects. Zhen Ci Yan Jiu 2013 Aug;38(4):297e300.
[32] Wang SY, Qu XX, Song XJ, Li SY, Ma HM, Zhang D. Blood perfusion in different
facial acupoint areas and its changes after acupuncture stimulation of Hegu (LI
4) displayed by laser Doppler imager in healthy volunteers. Zhen Ci Yan Jiu
2012 Dec;37(6):482e7.
[33] Chou WC, Liu HJ, Lin YW, Cheng CY, Li TC, Tang NY, et al. 2 Hz electroacupuncture at yinlingquan (SP9) and ququan (LR8) acupoints induces
changes in blood ﬂow in the liver and spleen. Am J Chin Med 2012;40(1):
75e84.
[34] Takayama S, Seki T, Nakazawa T, Aizawa N, Takahashi S, Watanabe M, et al.
Short-term effects of acupuncture on open-angle glaucoma in retrobulbar
circulation: additional therapy to standard medication. Evid Based Complement Alternat Med 2011;2011:157090. Epub 2011 Mar 7.
[35] Yeh TY, Lin JC, Liu CF. Effect of transcutaneous electrical nerve stimulation
through acupoints of Pucan (BL 61) and Shenmai (BL 62) on intraocular
pressure in patients with glaucoma: a randomized controlled trial. J Tradit
Chin Med 2016 Feb;36(1):51e6.
[36] Gao R, Shi CH, Tian JH, Kang Z. Systematic review of randomized controlled
trials of acupuncture for glaucoma. Zhongguo Zhen Jiu 2011 Dec;31(12):
1142e5. Review.
[37] Law SK, Li T. Acupuncture for glaucoma. Cochrane Database Syst Rev 2013
May 31;5. CD006030.

