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oot 1Ak (normal tension glaucoma, NTG) oA ¢F¢to] sure), ¥ 2 A& (cerebrovascular ischemia, car—
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AL F7oeta wsto] o3t AJAl7 9] A gt
7 sae S A% & o2 e R duA Q=
5 Z Z9<(carotid artery color doppler ul—
trasonography, CAD)2 H|2l&4 0]l EZ0] §lom oy
H ZA0] M3t Az dzo|n], VY of ] ALofA] Mz
=EZg 29<(color doppler imaging)-&

2 ¥gte] 542 Fol 5 Y o‘_i.
& oSt A Rustgch
A7) 5 D %‘I‘(Bram MRID) & 1] A2 of 4]
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olo| RS NTG & POAG $H}of| 4] 24 hrs ABPM,
CAD, Brain MRIZ £3}0] AJX17 9] d5 23S 7180
2 Z2Aslo] =g Aade] YA AEHN AAAL] HAA
g dR 2o o|BA S 7|2 =Ao| thate] Aotr

Table 1. Demographics of patients in NTG and POAG

2008 EEE 2010717 EoA OAGE A
I I S S B o R V)5S SFH o AL
ato] o] F 32 I 7)7ko] 219 o)ioln, o] 7|7k F<t
3 QEeFol FAIEAL F4x 53] o)A Aok HARE AAISHA
o, 24 hrs ABPME ZAFSE 32} 2 CAD, Brain MRIS
13] o)A} 243 3lx} 747 (1480H)S tjare g 3kt
A=gE Bl 71A kel vl 30% o4 A ek
EE oktoz Aslgrh” NTG #bs 52(104¢h),
POAG 37l= 229 (442h) 019l o, Hit Yo]= NTG=
50.4A], POAG= 53.6 M $ith(Table 1). =7 o]£]9] A]
oL} AJoo] FFE 771%‘ = OPﬂJr e Olﬂl 2l
ok Pﬂur 73t T

A& AHgsgl o, A-gAloFd AHHumphrey
field analyzer, C24—2 Swedish Interactive Thresholding
Algorithm (SITA) standard program, Carl—Zeiss Meditec,
Dublin, CA, USA)E o]&3}lo] Hojx 2 oA Azl &
29 B4 3 Hh 649 AA0R 43 o4 Ao
, the Advanced Glaucoma Intervention Study (AGIS)
methodS ©]-85}o] AGIS scoret Aol% 2 unit ©]A+9]
27} QA Y mean deviation (MD)o] 2 dB o]A+e] 7t
27} Q1S = AJof A&0] Mjoletn %]946‘}93\11]-.33’34
T AloF A ATHE 2E S|4 27 elA A3
F

HR2 (false positive response) o[t} AAl-SAuS(false

Aloba AR

e
[e]

negative response)©| 33%E YA A A9 (fixation

NTG POAG p-value
M:F (n) 23:29 10:12 0.571"
Mean age (years) 50.4 + 10.87 53.6 + 12.82 0.546"
Mean IOP (mm Hg) 11.78 + 1.97 16.35 + 2.52 0.278"
Mean deviation of visual field (dB) 9.7+5.9 -6.8 +5.2 0.194
Pattern standard deviation of visual field (dB) 9.8 +4.3 7.2 +£4.3 0.214
Mean nocturnal dip of SBP (%) 7.26 + 4.32 7.42 +£5.16 0.328"
Mean nocturnal dip of DBP (%) 8.68 + 5.73 9.12 + 6.14 0.274"
Abnormal brain MRI (n) 16 11 0.348"
Abnormal CAD (n) 18 12 0.317°

Values are presented as mean + SD.

NTG = normal tension glaucoma; POAG = primary open angle glaucoma; SBP = systolic blood pressure; DBP = diastolic blood pressure;

IOP = intraocular pressure; CAD = carotid artery color Doppler U/S.
"Pearson chi-square test; "Student 7-test.
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loss)7F 20% o]/ wioli= ZALe] Alg w7} v gt
sto] st Alof AAF ATE Ao A A stk NTGH
o 9] kel 11.78 + 1.97 mmHgo]™, POAGTol| A 2]
Qe 16.35 £ 2.52 mmHglth. ApsAlopAAL A=
NTG9] B4 MD7} —9.7 + 5.9 dB, PSD7} 9.8 + 4.3
dBol™, POAGE ¥4 MD7} —6.8 + 5.2 dB, PSD:
7.2 + 4.3 dBgtH(Table 1).

24 hrs ABPM2 HAFE YA/ 24417 S5 ESF
(TONOPORT V. GM Medical System, Germany)S ©
alo] H]-Aj2H non—dominant arm)ojjA] A}t
FoH oA 7TA-2F 104D 30& A2, ot o
(23 10A]-27 7ADS 1ARE 7HHo= ZA39)
SBP, DBP, HR, MAPZ =#3lo] K17, A, B

4

5\
u:&l oo N,
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£ ARl on, ofzka sl (nocturnal dip)e 1t 3
of BA7F v 4

B et

ool Hatz|o] wlste] ofzt @ek

SHEZbE e Aot Aoz e

Nocturnal dip = (Average of day time blood pressure—
Average of night time blood pressure) / Average of day
time blood pressure X 100

2]o] A& vigro g of7ks 9| slH(nocturnal dip)7} 10%
n|gkel 74-%-& non—dipper, 10% ©]/d<1 %= dipper2 4
94_.]_0:]]:]_ 38,39

CAD ZiofA FH45H W3 FA7F AR L 255
Witol] SFo] WHE o o] Yehbs A5 ol
Aoz AHolslgom(Fig. 1), brain MRI ZA¥}o]| A= white
matter, gray matter. basal ganglia, brain stemo]| patchy
high signal&o] T2 7+xAF 9 FLAIR sequenceo]A] I
Zre]o] kA3 A3 chronic ischemic change)$} =] 9%
&AL Hol AL o4 adow Hoslgk(Fig. 2).”

2t}
E

Figure 1. Abnormal findings of CAD. (A) Increased intima-media thickness in left common carotid artery (white arrow). (B)

Multiple atheromas in left internal carotid artery (white arrows).

Figure 2. Abnormal findings of brain MRI. (A) Chronic ischemic change deep white matter, basal ganglia.
(B) Brain atrophy. widening of the sulci, thinning of the corpus callosum, enlargement of the lateral ventricles.
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919 AAF W82 2A= dipper -7
s A Wals} Aopd4e Adfo| u|x|s 9aFe
t}. Chi square test®} Fisher's exact testE o]-&3}o] Aok
A4 233} dipper, CAD, Brain MRI Z}o] o]AGLE

H| w3t BAl= SPSS 20.0 (SPSS Inc., Chicago, USA)
T2 WS ARSI p<0.052] AL EAR O R §o]5t
ok ekt

2 o
24 hrs ABPME 53] OAGTofA oRFd sz nel

ZApol| A AlopdEo] ZIeYE ﬁo F= 38%bo|gler Alopd

£o] AayEA ghe A9 220kl gich EF ofzFEes)
g HolA ghe gl 1 oFio] 7195 A9 28
QFolglon] Aopado] Haw 4| ke A9t 60gTo|gich.

(]

1= EAZHog g3t AHAgS e 2tH p=0.000).
o]2& AR AlZ]Ft7H confidence interval, CI) 95%o] Al
relative riskE AHHEFS o, OAGTLo|A o FEUsl7-
U= BT SRS AloF Ad 28] YEAdE 18X
& 7ol B8 1.99uf &qtom ol= SAACE {9
SAtH(Table 2).

o] NTG2} POAGE} UrojA H|wshH NTG, POAG
T o BRoA ozttt AlopxIsiake] Ao A &
ARz ou|gl= AuE RY oH(NTG: p=0.007, POAG:
0=0.006) A1Z]7t7H confidence interval, CI) 95%°]|A] rel—

(@)

O

}_

5o

O

NTG2t POAGOIAl AJAZQ &

ative riskE A EE o, X9 &F4 W3t Q= NTG
R A ZUaA Alof A zggel YEAde agA ¢
= 735l 1.74u) #=qton] POAGER} A= 2.924)
=9k o]= AFLR {ostgirH(Table 2).

CADO| A FAFaAS B3l 2] %7] "o of
a7k WAk 14.19 + 4.40%, ]2}71 &olo] of
817 Bk 14.56 + 4.21% ¢ 0H, AEW 3
£ HQl FoAe] =57 D49 OF A=A
13.77 + 4.73%, o|2}7] &qto| oprraolslzt

16.16 + 4.74%%lc}t. CADS} ofzF& a7t} A
= BAAR F49E BAFA = FUTHSBP: p=0.582,
DBP: p=0.224)(Table 3).
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CADS} Alopde] 1te] PAS Wi BAsck
OAGZO A= CADOAH AEWMERAS} 2748 mel 8
ol Alopaso] WaE Hol 249ko|g om Ao
o] WA e A9 162k0] 9k, CAD7F 44kl 5
Aol A Alofdso] AHH AL 165t0]9on] Klopd
o] AHEX) L AL 482t0|get. of= BAH o &
Ofgt AFTHIS LR QIEH(p=0.000). o AR Al 70k

(confidence interval, CI) 95%9||A] relative riskS A&

k& o, OAGEIA AeWEFAS A e OAGR
A Sk Aok A A9 A 29A e
S-ofl Blsf 2.40u) Eotom oj= SAX R Fo5kql

I“/P(Table 4).
0]2 NTGS} POAGE o] B|wahd NTGo| A= 7

Table 2. Association of Nocturnal dip and V/F progression in OAG & NTG & POAG

V/F progression Chi-square test
Yes No p-value* 0Odd ratio Relative risk

OAG 0.000

Dipper 38 22 3.701 1.990

Non-dipper 28 60 (CI': 1.855-7.384) (CI": 1.387-2.857)
NTG 0.007

Dipper 28 16 3.023 1.736

Non-dipper 2 38 (CI': 1.347-6.782) (CI': 1.163-2.591)
POAG 0.006

Dipper 10 6 6.111 2.917

Non-dipper 6 22 (CI': 1.574-23.719) (CI'": 1.305-6.520)

V/F = visual field; OAG = open angle glaucoma; NTG = normal tension glaucoma; POAG = primary open angle glaucoma.
*Statistical significance: p <0.05; fConfidence interval, CI was calculated at 95 percentile.

Table 3. Association of CAD findings and Nocturnal dip in NTG & POAG

Abnormal CAD findings Normal CAD findings p—value*
The mean of nocturnal dip of SBP (%) 13.77 £ 4.73 14.19 + 4.40 0.582
The mean of nocturnal dip of DBP (%) 16.16 + 4.74 14.56 + 4.21 0.224

Values are presented as mean + SD.

NTG = normal tension glaucoma; POAG = primary open angle glaucoma; SBP = systolic blood pressure; DBP = diastolic blood pressure;

CAD = carotid artery color Doppler U/S.
"Student r-test, statistical significance: p < 0.05.
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FHIEFATE 2T Alopxldivte] A A FAHCRE Fodate] BARNA SAH FodE HolFA= 3k
oule A1E B ok (p=0.001) POAGO| A= EA44 tH(SBP: p=0.627, DBP: p=0.841)(Table 5).
ol FolAds sk Eetloh(p=0.211). gt A1273F Brain MRI¢} AlopA9] Zsiute] JA = ZF #7F Hin
(confidence interval, CI) 95%¢||A] relative risk= ArH X BT OAGEI A= brain MRIOJA] 8|&A W3} &
U2 o, AeHEFASH &AL 7H NTGE Ao A =1 AL Hl 2o A AJoFAo] X H = 26909
& Alof A= 213 o] S 1A 2 Aol Hlsl | AlopAzo] ZIFYE|A] oF2 9= 20¢Fo]3ith. Brain
2.50u) Eokom o= FAHCRE {oJstyltH(Table 4). MRIZ} A<l ghafol| A Alopd o] ZI3)E 7-9-+= 18%to]
Brain MRIOJA] 44 Bl 9 £57] U9 of Ao AlopAdo] FPEA| oS A= 56%t] Gl o]
rEQsbel Wt 13.90 £ 4.36%, o|¢kr] el of EAACR o3t A4S YERR AT p=0.000). o]

o

7raeelkel Witk 15.48 + 4.56% %901 9] 38 I72 AlZ]97H confidence interval, CI) 95%¢°i|A]

X WSS ekl 2ol M) 557] Beke] oRiBSY]  relative riskE AbTHGES w, OAGR)A B9 54 W
FHh 1450 £ 4.68%, o|2b] W] oRIEYTAY 37} 9l OAGEAOIA HhgA Aok A e 918
Fghe 1542 + 4.49%e). Brain MRL 239} okhd 42 737 b2 9ol u3) 2.320) 900 ol §

Table 4. Association of CAD findings and V/F progression in OAG & NTG & POAG

V/F progression Chi-square test
Yes No p-value 0Odd ratio Relative risk

0AG 0.000"

Abnormal CAD 24 16 4.500 2.400

Normal CAD 16 48 (CI': 1.926-10.515) (CI': 1.464-3.933)
NTG 0.001"

Abnormal CAD 18 12 4.750 2.500

Normal CAD 12 38 (CI': 1.788-12.620) (CI': 1.409-4.435)
POAG 0.211%

Abnormal CAD 6 4 3.750 2.100

Normal CAD 4 10 (CI': 0.674-20.861) (CI': 0.796-5.543)

V/F = visual field; OAG = open angle glaucoma; NTG = normal tension glaucoma; POAG = primary open angle glaucoma; CAD = Carotid
artery color Doppler U/S.
*Statistical significance: p < 0.05; "Confidence interval, CI was calculated at 95 percentile; *Fisher's exact test, statistical significance: p < 0.05.

Table 5. Association of brain MRI findings and Nocturnal dip in NTG & POAG

Abnormal brain MRI findings Normal brain MRI findings p-value*
The mean of nocturnal dip of SBP (%) 14.50 + 4.68 13.90 + 4.36 0.627
The mean of nocturnal dip of DBP (%) 15.42 + 4.49 15.48 + 4.56 0.841

Values are presented as mean + SD.
NTG = normal tension glaucoma; POAG = primary open angle glaucoma; SBP = systolic blood pressure; DBP = diastolic blood pressure.
“Student r-test, statistical significance: p < 0.05.

Table 6. Association of brain MRI findings and V/F progression in OAG & NTG & POAG

V/F progression Chi-square test
Yes No p-value QOdd ratio Relative risk

0AG 0.000"

Abnormal brain MRI 26 20 4.044 2.324

Normal brain MRI 18 56 (CI': 1.838-8.899) (CI': 1.445-3.737)
NTG 0.001"

Abnormal brain MRI 16 10 5.029 2.549

Normal brain MRI 14 44 (CI': 1.863-13.573) (CI': 1.474-4.411)
POAG 0.176*

Abnormal brain MRI 10 10 3.000 2.000

Normal brain MRI 4 12 (CI': 0.717-12.553) (CI': 0.769-5.198)

V/F = visual field; OAG = open angle glaucoma; NTG = normal tension glaucoma; POAG = primary open angle glaucoma.
*Statistical significance: p < 0.05; TConfidence interval, CI was calculated at 95 percentile; *Fisher's exact test, statistical significance: p < 0.05.
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o5 NTGe} POAGS}F WrojA] BlastH NTGo|A =
brain MRI®} Alopis)uto] HAof A FAZHOE oJu]|Ql=
A1E 2ok (p=0.001) POAGO|A = SA 22l G4
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=ABSTRACT=

Relationship Between Nocturnal Dip, Carotid Artery Blood Flow, Brain
Ischemic Change in Open Angle Glaucoma

Hong Ryung Seo, MD, Sang Wook Jin, MD, Sae Heun Rho, MD, PhD

Department of Ophthalmology, Dong-A University Medical Center, Dong-A University College of Medicine, Busan, Korea

Purpose: To investigate the effect of nocturnal dip, carotid artery blood flow, and brain ischemic change on the progression
of glaucomatous visual field defect in open-angle glaucoma (OAG) when IOP is less than the target pressure.

Methods: We classified OAG patients (74 patients, 148 eyes) who maintained IOP less than the target pressure as normal
tension glaucoma (NTG; 52 patients, 104 eyes) or primary OAG (POAG; 22 patients, 44 eyes). Additionally, we performed
24-hr ambulatory blood pressure monitoring (24-hr ABPM), carotid artery color Doppler U/S (CAD), brain MRI, and visual
field (V/F) tests on the patients. Nocturnal dips less than 10% were classified as non-dippers, and dips greater than 10%
as dippers. The relationships among nocturnal dip, carotid artery blood flow, brain ischemic change, and progression of
glaucomatous V/F defect were examined.

Results: In the case of dippers, glaucomatous V/F defects were aggravated, with a relative risk of approximately 1.74
(NTG) and 2.91 (POAG) times that of non-dippers. In NTG, decreased carotid artery blood flow and brain ischemic change
furthered glaucomatous V/F defects, with a relative risk of approximately 2.40 and 2.54 times that of normal carotid artery
blood flow and brain MRI findings, respectively. However, in POAG, decreased carotid artery blood flow and brain ische-
mic change were not influenced by the progression of glaucomatous V/F defects.

Conclusions: In dippers, decreased carotid artery blood flow and brain ischemic change caused a progression of glaucom-
atous V/F defects in NTG and POAG patients. Thus, performing 24-hr ABPM, CAD, and brain MRI should be helpful for
glaucoma patients with progression of glaucomatous V/F defects even when the IOP is less than the target pressure. In
addition, this analysis provides useful information regarding glaucoma diagnosis and treatment.

J Korean Ophthalmol Soc 2013;54(9):1386-1394

Key Words: Brain ischemia, Carotid artery blood flow, Dipper, Progression of visual field defect, 24-hour blood pressure
monitoring
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