
Clinical Trials

OCTA Signal Quality Augmentation Using the Isometric
Handgrip Test to Maximize Vascular Flow (SQUEEZE):
A Randomized Crossover Trial
Matt Trinh1, Judy Nam1, Meenakshi Kumar1, and Lisa Nivison-Smith1

1 School of Optometry and Vision Science, University of New South Wales, Sydney, Australia

Correspondence: Lisa
Nivison-Smith, School of Optometry
and Vision Science, UNSW Sydney,
NSW 2052, Australia. e-mail:
l.nivison-smith@unsw.edu.au

Received: November 14, 2023
Accepted: February 7, 2024
Published:March 26, 2024

Keywords: optical coherence
tomography angiography; signal
quality; isometric handgrip test;
vascular flow; sympathomimetic;
pressor

Citation: Trinh M, Nam J, Kumar M,
Nivison-Smith L. OCTA signal quality
augmentation using the isometric
handgrip test to maximize vascular
flow (SQUEEZE): A randomized
crossover trial. Transl Vis Sci Technol.
2024;13(3):22,
https://doi.org/10.1167/tvst.13.3.22

Purpose: To determine if performing the isometric handgrip test (IHGT) can augment
optical coherence tomography angiography (OCTA) vascular signal quality in eyes with
macular abnormalities.

Methods: A randomized, single-blinded crossover trial was conducted including 36
participants with macular abnormalities, randomized to undergo OCTA with or without
the IHGT, then crossed over to the alternate “intervention” after 1 minute. The primary
outcome was OCTA signal quality after 1 minute of squeezing at 50% maximum grip
strength. Secondary outcomeswere othermeasures of vascular flowand systemic blood
pressure (BP), also regressed against person- and eye-level covariables.

Results: Primary analysis of OCTA signal quality with versus without the IHGT was
nonsignificant (P = 0.73). Nested analyses showed that the IHGT resulted in increased
OCTAB-scan retinal vascular flowsignal (2.95 [−1.64 to7.55]�%,P<0.05) and increased
systolic BP, diastolic BP, pulse pressure, and mean arterial pressure (4.94 [0.41 to 9.47] to
12.38 [8.01 to 16.75] mm Hg, P < 0.05). OCTA signal quality and en face vessel density
and perfusion changes were associated with sex, refraction, race/ethnicity, and right-
hand IHGT use (P< 0.05). Greater increases in systolic and diastolic BP andmean arterial
pressurewere generally associatedwith right-hand IHGT use and greatermaximumgrip
strength (P < 0.09).

Conclusions: The IHGT can temporarily increaseOCTAB-scan retinal vascular flowsignal
inparticipantswithmacular abnormalities. IHGT-inducedchanges to systemicBPappear
to be linked to absolute (rather than relative) grip strength, implying that the IHGT may
be ineffectivewith lowgrip strength. Further research in larger populations iswarranted.

Translational Relevance: This study provides early validation that the IHGT may
augment OCTA output, which may lead to improved noninvasive detection of patho-
logic vascular changes.

Introduction

Optical coherence tomography angiography
(OCTA) enables imaging of the retinal and choroidal
vasculature that is noninvasive and cost-efficient
relative to the current gold standard—intravenous
angiography.1,2 Use of OCTA, however, has been
partly limited3 by sporadic quality of output images,
particularly in older, diseased eyes.4–6 For example,
lower OCTA signal quality is associated with reduced
magnitude and poorer repeatability of measurements,7

which may result in inconsistent interpretations of
patients’ retinal–choroidal vascular integrity.4–6

Augmenting vascular signal quality could improve
the validity of using OCTA as an alternate, acces-
sible imaging modality for assessing the retinal–
choroidal vasculature. This could be achieved using
an in-office exercise such as the isometric handgrip
test (IHGT), which induces a sympathomimetic
response,8,9 temporarily elevating systemic blood
pressure (BP). Results demonstrating the potential
effects of the IHGT on the retina and/or choroid,
however, are still limited. A recent study has suggested
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that the IHGT may actually decrease retinal vascular
flow signal in normal and diseased eyes,10,11 possibly
due to local vasoconstriction.12,13 Alternatively, other
studies have reported that performing the IHGT can
result in increased visualization of the retinal and
choroidal14,15 vasculature in eyes with normal health
and central serous chorioretinopathy.16–19 For the
latter,18 the IHGT was reported to improve detection
of choroidal neovascularization on OCTA imaging via
improved visualization of the pathologically disrupted
choroidal vasculature.20–23

Broader application of this technique in other
diseases affecting the macular vascular architecture
has not yet been explored. Similarly, the poten-
tial impact of other factors, such as participant
demographics, the presence of cardiovascular disease,
caffeine/alcohol/cigarette intake, time since waking,
and hand laterality, on the sympathomimetic response
have not yet beenwell controlled for in previous studies.
Thus, this prospective, randomized crossover pilot trial
explores whether performing the IHGT with OCTA
can augment vascular flow signal in participants with
various abnormalities that affect the macular vascu-
lature. We employ a strict crossover study design,
accounting for potential operator bias24 and period
effects (i.e., time-of-intervention effects such as dry
eyes25 or learning effects after successive scans) to
ascertain the utility of IHGT with OCTA.

Methods

This study was a single-center, prospective, random-
ized, masked, crossover pilot trial, registered prospec-
tively in the Australian New Zealand Clinical Trials
Registry (ACTRN12621001522808, without amend-
ment) onNovember 9, 2021, and following the Consol-
idated Standards of Reporting Trials (CONSORT)
guidelines.26 A crossover design was selected rather
than a traditional parallel-group design due to the
reduced variability of within-participant versus
between-participant comparisons.27

Included participants represented a convenience,
indiscriminate sample of patients (18 years or older)
referred to the Centre for Eye Health (CFEH), Sydney,
Australia from April 7, 2022, to August 18, 2022, for
comprehensive assessment of various macular abnor-
malities, including but not limited to vitreomacular
tractional disease, age-related macular degeneration,
and macular dystrophies. CFEH is a referral-based eye
clinic with advanced diagnostic testing and manage-
ment of eye disease by optometrists and ophthalmolo-
gists.28 Participants were excluded if they had uncon-
trolled systemic hypertension (>140 mm Hg systolic

BP and/or >90 mm Hg diastolic BP in office)29 or
joint pain precluding hand-squeezing to ensure safety
and compliance. All participants provided written
informed consent for research use of their deidenti-
fied data approved by the Biomedical HumanResearch
Ethics Advisory Panel of the University of New South
Wales and conforming to the tenets of the Declaration
of Helsinki.

Interventions

The diagnostic interventions of this trial were the
use of OCTA with the IHGT (intervention A) or
without the IHGT (intervention B). OCTA imaging
was performed by one of the authors (MT) with
the Cirrus HD-OCT 5000 (Carl Zeiss Meditec, Jena,
Germany) using the 6 × 6-mm macular cube with eye
tracking and follow-up mode. Author MT was masked
(both visually via a physical barrier and audibly via
32-dB noise reduction earmuffs [Vanderfield, Queens-
land, Australia]) to the intervention administered by
author JN to the participant. Participants were advised
to grip the dynamometer (Constant digital hand
dynamometer; Camry, Zhongshan, China) with their
elbow at 90°, resting on their lap.30,31 All patients were
dilated with tropicamide eye drops an hour prior, and
room lighting was turned off during scan acquisition.

Outcomes

The primary outcome was OCTA signal quality as
reported from the default Angioplex software (Carl
Zeiss Meditec, Jena, Germany). This was measured as
signal strength index (SSI; integer out of 10).

The secondary outcomes were other measures of
vascular flow, including:

• OCTA:
• En face vessel density (VD; %) from the default
Angioplex software (Figs. 1A, 1B).
• En face perfusion density (PD; %) from the
default Angioplex software (Figs. 1A, 1C).
• B-scan vascular flow signal (�%; percentage
change of pixels from baseline), that is, two-
color vascular flow signal across each of the 350
B-scans per macular volume from the default
Angioplex software (Fig. 1D). Retinal (red;
Fig. 1E) and choroidal (green; Fig. 1F) vascular
flow signals were separated in “CIE Lab” color
space and counted in pixels using ImageJ v1.52a
(National Institutes of Health, Bethesda, MD,
USA)without any further image processing. This
analysis was defined a priori and included as a
previous study had found the effect of the IHGT
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Figure1. OCTAmeasures of vascular flow. IncludingOCTAen face vessel density (A,B) andperfusiondensity (C) from thedefault Angioplex
software, aswell as B-scan vascular flow signal across themacular volume (D) for the retina (E) and choroid (F). B-scan vascular flow signalwas
derived from the default Angioplex software and separated into retinal and choroidal signals using ImageJ. OCTAmeasures were compared
with the IHGT versus without the IHGT.

to be more pronounced on B-scan rather than en
face OCTA imaging.18

• Systemic BP:
• Systolic BP (mmHg)=maximumblood pressure
during ventricular contraction.32
• Diastolic BP (mm Hg) = minimum blood
pressure during ventricular relaxation.32

• Heart rate (bpm) = heart beats per minute.33
• Perfusion pressure (mm Hg) = blood pressure
force per contraction (systolic BP – diastolic
BP).34
• Mean arterial pressure (mm Hg) = average
arterial pressure throughout the cardiac cycle
(diastolic BP + one-third perfusion pressure).34
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Study Protocol, Randomization, and Masking

Eligible participants were allocated with conceal-
ment by JN to intervention sequence AB or BA
using computerized, simple randomization via www.
sealedenvelope.com (trial name “SQUEEZE crossover
trial”). Maintenance of the computerized randomiza-
tion of participants was performed by an independent
colleague.

Participants completed a basic questionnaire,
noting the standard intake of caffeine, alcohol,
or cigarettes in the last 24 hours and the time of
waking.35–38 The dynamometer was then set up in a
random hand of the participant, while the sphygmo-
manometer was set up on the alternate arm. Baseline
BP was measured, and then the participant was asked
to squeeze at maximum grip strength (also known
as maximum voluntary contraction) for 3 seconds.
A 1-minute washout period before and after each
intervention was selected a priori to ensure that
BP returned to baseline levels after squeezing the
dynamometer and that repeated BP measures were
valid.39–41

For intervention sequence AB, participants
then squeezed and held the dynamometer at 50%
maximum grip strength.8 After 1 minute, author
JN then remeasured BP and author MT concur-
rently took two OCTA scans.42 After a 1-minute
washout period, the process was repeated without
the participant holding the dynamometer. Interven-
tion sequence BA was performed in reverse order. A
50% maximum grip strength was selected to provide
a margin for participants to maintain grip strength
above the necessary 20% to induce a sympathetic
response8 and minimize the time required for squeez-
ing (subsequently minimizing the impact on clinical
workflow).

Statistical Analyses

The targeted total sample size was 34 eyes from
34 participants. This was based on prestudy sampling
analysis at CFEH and a trial design for two-tailed
comparison, 0.05 alpha, 0.8 power, 20% attrition, and
a primary outcome difference of one OCTA signal
quality (out of 10) to yield a clinically significant
change.4–6

Preliminary analyses43 involved assessing:

• OCTA repeatability of the two successive scans per
interventions A and B with paired t-tests, to justify
averaging of successive scan data to reduce noise.42
Test–retest reliability was assessed using a two-way
mixed model with absolute agreement.44

• Potential carryover effect by comparing systemic
BP between baseline and intervention B (OCTA
without the IHGT) with paired t-test.
• Potential period effect by comparing SSI mean
differences between sequence AB and BA with
paired t-test. Note that the potential sequence
effect was mitigated by using randomized, masked
sequence allocation,43 thus accounting for time-of-
intervention effects such as dry eyes or learning
effects.

Primary crossover analysis (using OCTA signal
quality as the primary outcome) was performed
with a generalized linear mixed-model approach,45
accounting for period and intervention fixed
effects and individual within-participants random
effects.

Secondary (nested) crossover analyses (using other
measures of vascular flow as the secondary outcomes)
were performed with paired t-tests in the absence of
significant period effects.

Relationships between outcome changes versus
covariables were also assessed using multivariable
linear regression with backward stepwise elimina-
tion.46 OCTA signal quality was assessed against
person- and eye-level covariables. Systemic BP was
assessed against person-level covariables only. These
included:

• Person-level covariables of age, sex, self-
reported race/ethnicity,47 presence of cardio-
vascular disease including hypertension,48
caffeine/alcohol/cigarette intake in the last 24
hours, time since waking, IHGT hand laterality,
and maximum grip strength
• Eye-level covariables of spherical equivalent refrac-
tion, intraocular pressure,49 aided visual acuity,
and study eye laterality

Default statistical significance was denoted as a
two-sided P < 0.05. All continuous variables were
expressed as mean (95% confidence interval [CI]).
All statistical analyses were performed using Graph-
Pad Prism Version 9.5.1 (GraphPad Software, La
Jolla, CA, USA), SPSS Version 25 (SPSS, Inc.,
Chicago, IL, USA), and Microsoft Excel Version
2203 (Microsoft, Redmond, WA, USA). The Mann–
Whitney U test was performed in place of unpaired
t-tests for nonnormal data. The Wilcoxon test was
performed in place of paired t-tests for nonnormal
data.

Downloaded from m.iovs.org on 04/19/2024

http://www.sealedenvelope.com


OCTA Signal Quality Using the Isometric Handgrip Test TVST | March 2024 | Vol. 13 | No. 3 | Article 22 | 5

Results

Study Population

The CONSORT participant flow diagram is shown
in Figure 2. A total of 36 participants were analyzed,
whereby recruitment finished on the day of meeting
target sample size. Using simple randomization, 16
participants were allocated to sequence AB (OCTA
with the IHGT and then without the IHGT), and
20 were allocated to sequence BA. No participants
dropped out or reported any adverse events.

Baseline participant demographics and clini-
cal characteristics are summarized in Table 1. In
brief, participants were 61.89 (57.93–65.86) years
of age, 42% were female (15/21 female/male),
and most were of white race/ethnicity (18/9/0/2
white/Asian/black/other). Aided visual acuities ranged
from logarithm of the minimum angle of resolution

−0.1 to 1.3. The specific macular diagnoses of this
population included age-related macular degenera-
tion, choroidal naevi, diabetic retinopathy, epireti-
nal membrane, macular dystrophies, pachychoroid
spectrum disease, and vitreomacular tractional disease
(Supplementary Table S1).

Primary Analysis

OCTA Repeatability
To determine whether successive scans could

be averaged, we assessed for systematic differences
between successive OCTA outcomes for each inter-
vention (Supplementary Table S2). There were no
significant differences, and repeatability ranged from
poor to excellent (intra-class correlation (ICC), 0.22–
0.94) but was mostly moderate (ICC, 0.5–0.75) or good
(ICC, 0.75–0.9). Subsequently, successive OCTA scan
outcomes were averaged for all further analyses.42

Figure 2. CONSORT flow diagram of participants.
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Table 1. Baseline Participant Demographics and Clinical Characteristics by Sequence and by Total, Reported
According to CONSORT Guidelines26

Demographics and Characteristics
Sequence AB (OCTA With

and Then Without the IHGT)
Sequence BA (OCTAWithout
and Then With the IHGT) Total

Participants, n 16 20 36
Age, y 62.33 (55.4 to 69.26) 61.55 (56.44 to 66.66) 61.89 (57.93 to 65.86)
Sex (F/M) 6/10 9/11 15/21
Refraction (diopters) −1.52 (−3.79 to 0.76) 0.73 (−0.17 to 1.63) −0.25 (−1.37 to 0.86)
Intraocular pressure (mm Hg) 14.14 (12.47 to 15.82) 13.83 (12.53 to 15.14) 13.97 (12.99 to 14.94)
Visual acuity (aided; logMAR) 0.14 (−0.06 to 0.34) 0.15 (0.03 to 0.27) 0.15 (0.04 to 0.25)
Race/ethnicity (white/Asian/black/Other)a 6/6/0/1 12/3/0/1 18/9/0/2
Presence of cardiovascular disease 6/10 11/9 17/19
Caffeine intake in last 24 hours (standard drinks) 1 (0.49 to 1.52) 0.8 (0.41 to 1.19) 0.89 (0.59 to 1.19)
Alcohol intake in last 24 hours (standard drinks) 0.38 (0 to 0.76) 0.15 (0 to 0.38) 0.25 (0.05 to 0.45)
Cigarette intake in last 24 hours (standard cigarettes) 0.19 (0 to 0.48) 0.75 (0 to 2.3) 0.5 (0 to 1.35)
Time since waking (h) 7.5 (6.14 to 8.86) 6.82 (5.69 to 7.95) 7.12 (6.29 to 8)
Study eye laterality (right/left) 10/6 7/13 17/19
IHGT hand laterality (right/left) 7/9 12/8 19/17
Maximum grip strength (kg) 27.81 (23.8 to 31.81) 25.15 (20.96 to 29.34) 26.33 (23.51 to 29.15)

Continuous variables expressed asmean (95% confidence interval). logMAR, logarithmof theminimumangle of resolution.
aRace/ethnicity was self-reported and had seven undisclosed values.

Carryover Effect
To mitigate potential carryover effect (i.e., whether

effects from the first intervention may have carried over
to the second intervention), a washout time of 1minute
was selected a priori.39 The validity of this washout
time and lack of carryover effect between interven-
tions was confirmed as there were no significant differ-
ences (P = 0.08–0.54) for any systemic BP measures
between baseline and intervention B (OCTA without
the IHGT).

Primary Outcome
To test for a period effect on the primary outcome

(i.e., whether the same intervention at different time
periods may have affected OCTA signal quality),
mean differences between interventions A and B were
compared between sequences. OCTA signal quality
was significantly higher in sequence AB (when OCTA
with the IHGT was performed first) than sequence BA
(mean difference, 0.69 [0.08–1.3], P < 0.05). Subse-
quently, the period effect was adjusted for in crossover
analysis.

Mean OCTA signal quality of intervention A
(OCTA with the IHGT) was 9.18 (8.89–9.64), and
intervention B (OCTA without the IHGT) was 9.28
(8.86–9.56) (Table 2). Crossover analysis between inter-
ventions A and B adjusting for the period effect showed
no significant OCTA signal quality mean difference by
intervention (−0.09 [−0.6 to 0.42], P = 0.71) or by
period × intervention interaction (P = 0.73), implying
that the IHGT did not alter OCTA signal quality.

Secondary Analyses

Secondary Outcomes
Nested crossover analysis of other OCTA measures

of vascular flow revealed that B-scan retinal vascular
flow signal was significantly increased with the IHGT
versus without the IHGT (mean difference, 2.95 [−1.64
to 7.55] �%, P < 0.05; Table 2). All other secondary
OCTA measures of vascular flow, including en face
vessel density, en face perfusion density, and B-scan
choroidal vascular flow signal, were not significantly
altered by the IHGT (P= 0.19–0.98). No period effects
were evident for any of the secondary OCTAmeasures
of vascular flow (P = 0.08–0.75).

Nested crossover analysis of non-OCTA/systemic
measures of vascular flow showed a significant increase
with the IHGT versus without the IHGT for systolic
BP (12.38 [8.01–16.75] mm Hg, P < 0.0001), diastolic
BP (7.44 [3.58–11.3] mm Hg, P < 0.001), pulse
pressure (4.94 [0.41–9.47] mm Hg, P < 0.05), and
mean arterial pressure (9.09 [5.66–12.51] mm Hg,
P < 0.0001; Table 3). No period effects were evident
for any of the systemic BP measures (P = 0.28–0.83).
These secondary results confirmed that the IHGT
induced a response in systemic BP, although most
OCTA measures did not demonstrate a detectable
change.

Multivariable Regression Analyses
Multivariable linear regression analyses were also

performed to assess which factors may have impacted
IHGT-induced changes in OCTA signal quality or
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Table 2. Primary and Secondary Crossover Analyses of OCTA Measures

OCTA Signal Quality Measure Mean Difference P Value

Primary measure
OCTA signal quality (/10) −0.09 (−0.6 to 0.42) 0.71, 0.73a

Secondary measures
En face vessel density (global) (%) −0.08 (−0.57 to 0.42) 0.71
Central −1.32 (−4.4 to 1.77) 0.19
Inner ring −1.1 (−3.47 to 1.27) 0.47
Outer ring −1.09 (−3.12 to 0.95) 0.55

En face perfusion density (global) (%) −0.26 (−3.08 to 2.56) 0.51
Central −0.21 (−5.08 to 4.66) 0.82
Inner ring 0.34 (−3.16 to 3.83) 0.98
Outer ring 0.32 (−2.48 to 3.12) 0.86

B-scan retinal vascular flow signal (�%) 2.95 (−1.64 to 7.55) <0.05
B-scan choroidal vascular flow signal (�%) −0.19 (−2.97 to 2.6) 0.72

Mean differences presented as the change in OCTA vascular flow from using the IHGT.
Bold values represent statistical significance (P < 0.05).
aP values are for period effect adjustment and period × intervention adjustment, respectively.

Table 3. Secondary Nest Crossover Analysis of Systemic Blood Pressure

Systemic Blood Pressure Measure Mean Difference P Value

Systolic blood pressure (mm Hg) 12.38 (8.01 to 16.75) <0.0001
Diastolic blood pressure (mm Hg) 7.44 (3.58 to 11.3) <0.001
Heart rate (bpm) 1.71 (−1.32 to 4.73) 0.26
Pulse pressure (mm Hg) 4.94 (0.41 to 9.47) <0.05
Mean arterial pressure (mm Hg) 9.09 (5.66 to 12.51) <0.0001

Mean differences presented as the change in systemic blood pressure from using the IHGT.
Bold values represent statistical significance (P < 0.05).

other measures of vascular flow. For OCTA outcomes,
OCTA signal quality changeswere positively associated
with sex (females; regression coefficient, 1.04 [0.24–
1.85], P < 0.05) and refraction (0.17 [0.04–0.3], P <

0.05; Supplementary Table S3). En face vessel density
and perfusion density changes were negatively associ-
ated with Asian race/ethnicity (compared to white and
other; −1.54 [−2.87 to −0.21] and −3.95 [−7.39 to
−0.51], respectively, P < 0.05) and positively associ-
ated with right-hand IHGT use (1.08 [0.16 to 2] and 2.8
[0.43 to 5.18], respectively, P < 0.05). No other person-
or eye-level factors impacted IHGT-induced changes in
OCTA outcomes.

For systemic BP, systolic BP, diastolic BP, and mean
arterial pressure were generally positively associated
with right-hand IHGT use (7.17 [–0.77 to 15.12] to
10.3 [3.59 to 17.01], P < 0.01 to 0.07) and maximum
grip strength (0.35 [–0.06 to 0.77] to 0.58 [0.09 to 1.06],
P < 0.05 to 0.09; Supplementary Table S4). No other
person-level factors impacted IHGT-induced changes
in systemic BP. These results highlight the modifiable
factors (right-hand use and grip strength) thatmay help

induce a greater effect of the IHGT on systemic BP
and, subsequently, ocular vascular flow.

Discussion

This randomized crossover pilot trial highlighted
that performing the IHGT during OCTA imaging did
not alter rudimentary OCTA signal quality (integer
out of 10) but can increase OCTA B-scan retinal
vascular flow signal for eyes with a range of macular
abnormalities. Expectedly, measures of systemic BP
were significantly increased by the IHGT, and two
(likely interrelated) factors were associated with these
changes—right (versus left) hand IHGT use and a
greater maximum grip strength. These results suggest
that the IHGTmay enhance OCTA imaging quality for
patients with adequate grip strength. Further research
is required to determine if these results are generaliz-
able to larger populations and if the visualization of
specific OCTA biomarkers can be augmented.
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The IHGT Can Augment OCTA Retinal
Vascular Flow Signal in Eyes With Abnormal
Macula

Retinal vascular blood flow is myogenically auto-
regulated by local pericytes, which maintain retinal
vascular resistance against the ophthalmic artery’s
perfusion pressure.50 Thus, despite lacking autonomic
innervation like the choroid,51 the retinal vascula-
ture can still respond to changes in ocular perfusion
pressure and metabolic demand.52 This was supported
by the results of our study, as we highlighted that
OCTA B-scan retinal vascular flow signal was signifi-
cantly increased by the IHGT in eyes with abnormal
macula. Increased retinal vascular flow signal did
not lead to significant alterations in OCTA signal
quality, but the latter is a coarse measure (on a scale
of 1 to 10) with nontransparent/proprietary under-
standing of its calculation53 and may therefore be
insensitive to subtle retinal vascular changes. Other
studies of eyes with healthy and diseased maculae
have reported conflicting retinal vascular changes in
response to the IHGT,10,11 including decreased retinal
vascular flow signal possibly due to local vasoconstric-
tion.12,13 These discrepancies may relate to differing
study criteria for “healthy” and “diseased” maculae
and/or different vascular imaging protocols and
timing, particularly as blood flow is highly dynamic.
Specifically, isometric exercise is believed to induce
both reactive vasoconstriction and vasodilation,54,55
depending upon the time frame of image capture.
Nonetheless, both studies suggest that the IHGT
can significantly alter OCTA retinal vascular signal,
although the exact chronology of events (regard-
ing increased and/or decreased flow signal) remains
uncertain.

A recent study demonstrated that IHGT-induced
changes were more evident on three-dimensional
than two-dimensional OCTA imaging.18 Relatedly, our
results found that the IHGT induced changes in B-scan
retinal vascular flow signal but not en face measures
of vascular flow. This may have been due to data
loss/compression from quantifying two- versus three-
dimensional imaging, as research has shown that the
latter is less susceptible to erroneous segmentation,56
depth-related artifacts, and multilayered signal loss.56
Surprisingly in our study, however, B-scan choroidal
vascular flow signal also did not show significant
change with the IHGT, although this may have related
to reduced penetration of the spectral-domain (versus
swept-source) OCT employed.57 Future studies in
larger populations that exploit the benefits of three-
dimensional OCTA data58–64 would help to clarify
findings.

IHGT-Induced Changes to Systemic BP Are
Linked to Absolute Grip Strength

Acute IHGT-induced changes in central and periph-
eral blood pressure have been well established,8,65–73
likely caused by the abrupt increase in arterial
pressure9 from autonomic adjustments such as tachy-
cardia (increased cardiac output)23 and changes in
vessel diameter.20–22 We highlighted that nonmodifi-
able factors, including sex (females), refraction, and
race/ethnicity (white and other versus Asian) were
positively associated with IHGT-induced changes in
vascular flow, confirming the importance of consider-
ing these factors in future studies and potentially in
clinical practice.

Curiously, we found that modifiable factors, includ-
ing maximum grip strength and (likely interrelated)
right-hand IHGT use,74 were positively associated with
increases in various OCTA and systemic measures of
vascular flow. This was in contrast to previous research,
which suggests that the pressor response is relative
to the intensity of isometric exercise,8 meaning that
a frail, older patient and an athletic, younger patient
both squeezing at 20% of their maximum capacities
should elicit the same systemic vascular response. In
this study, all participants should have squeezed at 50%
of their maximum grip strength, although we could
not quantify how compliant participants were with
maintaining this. Nonetheless, our finding has signifi-
cant practical implications as the effects of the IHGT
may then be untenable in patients with reduced hand-
squeezing capacity (e.g., in the frail and elderly popula-
tion and particularly those with rheumatoid arthri-
tis). The positive association of right-hand IHGT use
with increases in systemic BP may have been inter-
related to the maximum grip strength as the general
population74 has greater right-handed grip strength75
and/or may relate to the greater shear stress experi-
enced on the right aortic valve wall.76,77 Thus, adjust-
ing for hand dominance in future studies utilizing the
IHGT is needed.

Limitations

The primary limitation of this pilot study was
the recruitment of a small convenience sample of
participants with macular abnormalities referred into
a single ophthalmic imaging center. We could not
draw definitive conclusions as to whether there may
have been a ceiling effect of OCTA signal quality
(which could not exceed 10/10) or a floor effect from
low grip strength. Additionally, participants could
not enter this pilot trial with uncontrolled systemic
hypertension due to safety reasons, thus excluding

Downloaded from m.iovs.org on 04/19/2024



OCTA Signal Quality Using the Isometric Handgrip Test TVST | March 2024 | Vol. 13 | No. 3 | Article 22 | 9

those who may have elicited greater responses to the
IHGT (and subsequently strengthened our results)
due to compromised retinal vasculature.78 Similarly,
macular diagnoses were heterogeneous and ranged
from relatively benign epiretinal membranes to vision-
threatening neovascularization, and this study was not
adequately powered to perform subgroup analysis of
specific macular disease entities. Further studies in
larger, homogeneous disease populations are currently
under way to address these limitations and adequately
power further analyses of potential OCTA changes
in response to varying strength and duration79 of the
IHGT.

Second, OCTA has not yet been integrated into
standard clinical practice, and as such, the clinical
translation of statistically significant results is still
uncertain. While the repeatability of successive OCTA
scans was generally moderate to good (albeit some
cases of poor repeatability may have been due to
unmeasured factors such as tear film quality),25 we
could not compare our findings against test–retest 95%
limits of agreement to assess clinical relevance, due to
nonnormal distribution of differences.80 Further study
is also warranted to assess the potential impact of
performing OCTA with the IHGT on the detection
of specific biomarkers, such as branching capillaries in
neovascularization81 of varying etiologies.

Conclusions

The IHGT may be a useful addition to the OCTA
imaging protocol for individuals with macular abnor-
malities, due to an induced increase in B-scan retinal
vascular flow signal. IHGT-induced changes, however,
are associated with right-hand use and maximum grip
strength and, therefore, may be less effective in patients
with low grip strength. Further work with a larger
population is needed to clarify if the IHGT may
be useful in augmenting the visualization of specific
OCTA biomarkers.
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