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Abstract

Aim: To study the inter-eye symmetry in change in intraocular pressure (IOP), mean ocular
perfusion pressure (MOPP), and superficial retinal vascular perfusion on optical coherence
tomography angiography (OCTA) following Kapalbhati yoga (KBY) in primary open angle
glaucoma (POAG) eyes.

Methods: Prospective case control study (40 healthy and 40 POAG subjects). IOP, blood pressure

was measured pre and post KBY (immediately and 10 minutes later, OCTA pre and at 10 minutes).

Results- IOP increased immediately after KBY in both healthy and POAG eyes (13.7+2.3mmHg
to15.7£2.3mmHg, p<0.01;15.9+3.2 mmHg to 19.54+3.3 mmHg, p<0.01). It was1.9+ 0.5mmHg
(p<0.01) in healthy eyes versus 3.5+1.2mmHg (p<0.01) in POAG. A positive inter-eye correlation
for IOP change immediately post KBY (r=0.8,p<0.01) in POAG eyes and MOPP change ( -
1.5£2.8mmHg OD, -1.3+2.9mmHg OS, r=.9, p<0.01) in healthy and POAG eyes was seen.

Conclusion-Significant IOP increase and a positive inter-eye correlation in IOP and MOPP change

in POAG eyes was seen.

Introduction



Glaucoma is one of the leading causes of irreversible blindness worldwide. [! Elevated intraocular
pressure (IOP) is one of the main risk factors for both the development and progression of
glaucoma. Apart from mean IOP, it has been postulated that IOP variations could also play a role
in glaucomatous damage?*'Many daily activities as well as lifestyle practices have been shown
to have an effect on IOP.[4>67]

Yoga is practiced widely not only in India but worldwide. Kapalbhati is a yogic breathing
technique which involves high frequency forceful exhalation through both nostrils using
abdominal muscles and passive inhalation. [¥! There is evidence in the current literature regarding
increase in IOP during yoga postures with a head down position. 61, In their meta-analysis, Chetry
et al recommended that yogic breathing exercise involving breath holding may increase IOP.!
Changes in retinal perfusion and average macular thickness have been reported following yogic
exercise.10-11:12]

However, there is scant literature regarding the IOP and ocular blood flow related changes
associated with breathing techniques involving fast forceful exhalation like KBY in both healthy
and primary open angle glaucoma patients. Moreover, there is very less literature regarding the
inter-eye symmetry in these changes. Thus, we studied the short term effects of KBY on IOP and
superficial retinal vascular perfusion in healthy individuals and patients with primary open angle

glaucoma and the inter eye correlation among these parameters.

Methods

Ours is a prospective case control study conducted in a tertiary eye care hospital. POAG
participants and normal participants visiting the out-patient and glaucoma department of Sankara
Nethralaya Medical Research Foundation, and fulfilling the inclusion criteria were included. A
total of 80 participants were included in the study. Of these 40 had primary open angle glaucoma
and 40 were healthy participants. Primary open angle glaucoma was defined based on International
Society of Geographical and Epidemiologic Ophthalmology (ISGEO) criteria.[!*]

Participants with age >18 years were included. The criteria for inclusion of healthy controls was
IOP between 10 and 21mmHg and an open angle of the anterior chamber. Patients with POAG
and healthy participants with controlled diabetes and hypertension were included in the study.
Participants with ocular pathology (significant cataract, dry eye, corneal abnormalities, retinal

diseases, ocular surgery within 3 months), previous physical injury, cardiovascular diseases,



pregnancy, menstruation, history of vertigo, gastric ulcer, epistaxis, hernia, abdominal surgery
were excluded from the study. The study was approved by the Institutional Review Board and
followed the tenets of Declaration of Helsinki. Informed consent was obtained from all the
participants.

All participants underwent a detailed general and ocular history, a comprehensive ophthalmologic
examination, which included measurement of the best-corrected visual acuity, refractive error, slit-
lamp examination, gonioscopy, and fundus examination after dilation. Humphrey visual field,
central corneal thickness, and digital biometry (IOL Master), was done. IOP was measured using
Goldman applanation tonometry (GAT), in the undilated state just before KBY, immediately after
and then 10 minutes after KBY in a masked fashion. The dial was set to a random value by one
observer and applanation was done without looking at the dial. The dial was turned to obtain the
end point without looking at the dial. The first observer read and recorded the pressure value from
the dial. All patients underwent optical coherence tomography angiography ((OCTA);CIRRUS™
HD-OCT 5000 with AngioPlex® OCT Angiography; ZEISS, Dublin, CA)) prior to and 10 minutes
after KBY (undilated). Perfusion density and flux index in the radial peripapillary capillary (RPC)
slab were noted. The macular OCTA scan was performed using a volumetric scan covering a 6 X
6 mm area centred on the fovea. Perfusion density in the superficial slab and the area of the foveal
avascular zone (FAZ) was noted. Only scans with adequate signal strength and without artifacts
were included. Systolic and diastolic blood pressure was measured with a digital BP monitor
(OMRON HBP — 1300 (HBP — 1300 — AP)) before and immediately after KBY using a standard
blood pressure cuff on the left arm at heart level. Mean ocular perfusion pressure (MOPP)
=2/3[diastolic BP+1/3 (systolic BP-diastolic BP)-IOP)] was calculated. A pulse oximetry sensor
(AccuSure® Model (FS10C)) was used to measure the oxygen saturation prior, and during KBY.

KBY was performed stepwise under the supervision of a certified instructor (D.M.T). No food,
water, or beverage was allowed 30 minutes prior to the exercise. Participants were asked to breathe
in normally through both the nostrils and then exhale quickly and forcefully for 1 minute. While
doing so the abdomen was pushed upwards and back to normal. The procedure was repeated 5
times with a rest period of one minute between each round.

Statistical Analysis

All statistical analyses were performed using a standard statistical software package (Stata, version

15.0; StataCorp). Normality of data was determined using Shapiro Wilk test and histograms. The



data are presented as the mean values + standard deviations, where applicable. Appropriate paired
and unpaired parametric and non parametric tests were used to compare the data. Pearson and
Spearman’s correlation coefficient was used to assess the correlation between eyes. Bonferroni
correction was used to adjust for multiple comparisons. All tests were two tailed and a P value
<0.05 was taken as significant.

Results

A total of 80 participants (40 healthy volunteers; 40 POAG patients) were enrolled in this study.
Mean age of POAG participants was 50.6 £13.04 years and controls was 46.1+12.7 years (p>0.05).
In the controls, there were 25 (62.5%) males and in the POAG group, 29 (72.5%) were males.
IOP increased significantly immediately after KBY in both healthy (right eyes 13.7+2.3mmHg
t015.7+£2.3mmHg, p<0.01; left eyes 13.43+2.1mmHg to 15.33+2.07mmHg, p<0.01) and POAG
eyes (right eyes 15.9+3.2 mmHg to 19.5+3.3mmHg, p<0.01; left eyes 15.78+4.5 mmHg to
18.93+3.04mmHg, p<0.01 ). The increase in IOP immediately post KBY was significantly more
in POAG eyes as compared to healthy eyes (right eyes 1.9+ 0.5mmHg versus 3.5+1.2mmHg,
p<0.01; left eyes 1.9+ 0.3mmHg versus 3.48+0.91mmHg, p<0.01) A positive inter-eye correlation
for IOP change immediately post KBY (1=0.8, p<0.01) in POAG eyes was present. There was no
significant difference in the IOP at baseline and at 10 minutes in both groups.

A significant correlation for MOPP change ( -1.5+2.8mmHg right eyes, -1.3+2.9mmHg left eyes,
=9, p<0.01) in healthy and POAG eyes was seen. No significant change in RPC flux, RPC
perfusion, macular perfusion density and FAZ area was seen in healthy eyes. A significant decrease
in the mean macular perfusion density was seen in the right eyes of POAG participants (p=0.019)
10 minutes following KBY.

Discussion

We observed a significant increase in IOP immediately after KBY (performed for 5 minutes with
1 minute interval after each round) in comparison with the baseline value in both normal and
POAG eyes. The increase was significantly more in eyes of POAG participants. In both groups,
IOP returned to pre exercise levels 10 minutes post KBY. The IOP changes could be related to the
changes in the autonomic function (sympathetic and parasympathetic) and blood flow due to high-
frequency breathing. Nivethitha et al found a significant increase in systolic pressure and diastolic
blood pressure after KBY (performed for 3 minutes with one minute of normal breathing after

every round) in healthy individuals.!'"* A decrease in cardiac vagal tone, increased blood pressure



and spontaneous pneumothorax have been reported to be associated with KBY. [14 15161 JOP has
been found to increase during Valsalva manoeuvre and partial Valsalva manouver (23-115%;
depending upon the degree) and activities associated with increased intra abdominal pressure like

16.17. 18, 191 Al these factors could produce a complex interaction leading to increase

weight lifting
in IOP during KBY. We assessed the inter eye symmetry to know the response to KBY between
eyes. We found a strong correlation in IOP change immediately post KBY among the right and left
eyes in the POAG group. A strong correlation was seen in change in MOPP in both POAG patients
and controls. However, no significant correlation among the superficial retinal vascular parameters
was seen. This could be because we performed the measurement after 10 minutes when parameters
may have normalised. Additionally, right eyes were measured first.

The limitation of our study was that it assessed the short term effects of KBY. Additionally, KBY
was performed for only 5 minutes with one minute rest in between each cycle. Moreover, it was

not possible to measure IOP while the participants were performing KBY. However, we measured

the IOP immediately post cessation of KBY.

Conclusion

KBY was associated with a significant increase in IOP immediately post exercise in POAG and
healthy eyes with a significantly greater increase in POAG. There was a significant positive
correlation between right and left eye in IOP change in POAG eyes. Patients with glaucoma should

be made aware of the bilateral short term IOP fluctuations associated with KBY.

References

1. Global prevalence of glaucoma and projections of glaucoma burden through 2040: a systematic
review and meta-analysis. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng

CY. Ophthalmology 2014;121:2081-2090.

2.Varma R, Hwang LJ, Grunden JW, et al. Inter-visit IOP range: an alternative parameter for

assessing intraocular pressure control in clinical trials. Am J Ophthalmol 2008;145:336-342.



3.Asrani S, Zeimer R, Wilensky J, Gieser D, Vitale S, Lindenmuth K. Large diurnal fluctuations
in intraocular pressure are an independent risk factor in patients with glaucoma. J Glaucoma.

2000;9:134-142.

4.Gillmann K, Weinreb RN, Mansouri K. The effect of daily life activities on intraocular pressure

related variations in open-angle glaucoma. Scientific reports 2021;11:6598.

5.Jasien, JV, Jonas JB, de Moraes CG, et al. Intraocular Pressure Rise in Subjects with and without

Glaucoma during Four Common Yoga Positions. PloS one,2015;10:, e0144505.

6. Baskaran M, Raman K, Ramani KK, et al. Intraocular pressure changes and ocular biometry

during Sirsasana (headstand posture) in yoga practitioners. Ophthalmology. 2006;113:1327-32.

7. Sankalp, Dada T, Yadav RK et al. Effect of Yoga-Based Ocular Exercises in Lowering of
Intraocular Pressure in Glaucoma Patients: An Affirmative Proposition. International Journal of

Yoga 2018; 11: 239-241.

8.Ansari RM. Kapalabhati pranayama: An answer to modern day polycystic ovarian syndrome and

coexisting metabolic syndrome?. International Journal of Yoga 2016;9:163—-167.

9. Chetry D, Singh J, Chhetri A, et al. Effect of yoga on intra-ocular pressure in patients with
glaucoma: A systematic review and meta-analysis. Indian J Ophthalmol 2023;71:1757-1765.

10. Galina D, Etsuo C, Takuhei S, et al. Immediate Effect of Yoga Exercises for Eyes on the
Macular Thickness. International Journal of Yoga 2020; 13:223-226.

11. Li S, Pan Y, Xu J, et al. Effects of physical exercise on macular vessel density and choroidal

thickness in children. Scientific Reports. 2021;11:1-9.



12. Kim SV, Semoun O, Pedinielli A, et al. Optical coherence tomography angiography
quantitative assessment of exercise-induced variations in retinal vascular plexa of healthy subjects.

Invest Ophthalmol Vis Sci, 2019; 60:1412-1419.

13. Foster PJ, Buhrmann R, Quigley HA, et al. The definition and classification of glaucoma in
prevalence surveys. Br J Ophthalmol 2002;86:238-42.

14. Nivethitha L, Mooventhan A, Manjunath NK. Evaluation of Cardiovascular Functions during
the Practice of Different Types of Yogic Breathing Techniques. International Journal of Yoga
2021;14:158-162.

15. Malhotra V, Javed D, Wakode S, Bharshankar R, Soni N, Porter PK. Study of immediate
neurological and autonomic changes during kapalbhati pranayama in yoga practitioners. J Family

Med Prim Care 2022;11:720-727.

16.Cramer H., Krucoff, C, Dobos G. Adverse events associated with yoga: a systematic review of
published case reports and case series. PloS one 2013; 8(10),e75515.
https://doi.org/10.1371/journal.pone.0075515.

17. Rosen DA, Johnston VC. Ocular pressure patterns in the Valsalva maneuver. Arch Ophthalmol
1959;62:810-816.

18. Oggel K, Sommer G, Neuhann T, et al. Variations of intraocular pressure during Valsalva's
maneuver in relation to body position and length of the bulbus in myopia. Graefe's Arch Clin Exp

Ophthalmol 1982;218:51-54.

19. Vieira GM, Oliveira HB, Tavares de Andrade D,et al. Intraocular pressure variations during

weight lifting. Arch Ophthalmol 2006;124:1251-1254.






