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Risk Factors for Pressure Ulcer by Electrodes in Long-term Electroencephalography
Monitoring
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Background: Although electroencephalography is known as non-invasive, long-term
electroencephalography monitoring has a significant risk of pressure ulcers caused by
electrodes. We investigated the incidence and risk factors of pressure ulcers in long-term
electroencephalography monitoring for more than 24 hours.

Methods: All patients who underwent long-term electroencephalography monitoring
for more than 24 hours from January 2020 to December 2021 were reviewed. Their
medical records were reviewed to evaluate the risk factors for pressure ulcers by
electroencephalography electrodes. All patients were divided into the presence (lesion
positive) and absence (lesion negative) of pressure ulcers confirmed by a clinician.

Results: A total of 541 patients were analyzed in this study. Their mean age was 56.0+21.5,
and the average duration of the long-term electroencephalography monitoring was

Address for correspondence 118.0+68.6 hours. Pressure ulcers were identified in 49 patients (9.1%). The odds ratios of
Keun Tae Kim, MD age and recording time were 1.032 (95% confidence interval [Cl], 1.008-1.056, p=0.009) and
Department of Neurology, Keimyung 1.022 (95% Cl, 1.015-1.029, p<0.001), respectively. The odds ratio of pressure ulcer was 2.702
University School of Medicine, 1095 (95% Cl, 1.461-4.999, p=0.002) in patients with comatose mentality (1 point for eye response
Dalgubeol-daero, Dalseo-gu, Daegu 42601,

of Glasgow coma scale).

Conclusions: The pressure ulcers caused by electrodes in long-term electroencephalography
monitoring can be preventable with due diligence in clinical settings. Risk factor control to
prevent pressure ulcers due to electroencephalography electrodes is needed.
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Figure 1. The electrode used in this study. Heavy 24K gold plate
over pure silver cast cup, burnished for smoothness.
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3" 2&EE SPSS 22.0 (IBM, Armonk, NY, USA)
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Figure 2. The staging of pressure ulcer. Pressure ulcer refers to localized damage to the skin and underlying tissue. Stage 1 has intact skin
with erythema. Stage 2 includes any skin loss with exposure of dermis but subcutaneous tissue is not visible. Stage 3 stands for full-thick-
ness skin loss with exposed adipose tissue in the ulcer. In stage 4, full-thickness skin layer loss with exposed muscle, tendon, ligament,
or bone. Eschar may be visible, and can be unable to estimate if slough or eschar obscures the extent of the lesion. (A) Residual effect of
pressure on the skin at Fp2 site (stage 1). (B) Hyperemia without skin defect at O2 site (stage 1). (C) Shallow ulcers without subcutaneous fat
exposure at Pz site (stage 2).
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9= 14678(27.0%)°1% . FHAL T4 Hr ] £Hgo R
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(11.6%), 27(&H]) 178%8(32.9%), 1-(E) 234(43.3%)°]
Aom, FHAY T4 Hr EHHEO] Bt F4E 2.0£1.33
ojdct. AIZE Hu}k ALY Wt HAF AlTH 52.2+45.7A17F
olltt. A4E ICUZF 23998(44.2%) 0.2 71 ©okl GW
161%8(29.8%), 34 141%9(26.1%)°1Att. 53} A7k
48A17F ol/4Fo] 29171(53.8%)°1%1 .2, °] F 15971 ICURL
k. 72417k oA 12774(23.5%)°191.2H, o] % 8171°] ICU
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]9, o] Z 30°] ICU et 5 9 Azt AARL

AlZHE A= 12178(22.4%)°1901L, ©] FollA 3792 ICU,

Table 1. Demographic characteristics of the patients underwent
long-term electroencephalography (n=541)

Characteristic Value
Age (years) 66.7+17.5
Age >67 years 315 (58.2)
Sex
Male 300 (55.5)
BMI® (Kg/m?) 226444
BMI 225 Kg/m’ 146 (27.0)
Site
ICU 239 (44.2)
GW 161(29.8)
ER 141 (26.1)
Recording time (hours) 52.2+457
248 hours 291(53.8)
>72 hours 127 (23.5)
>100 hours 44 (8.1)
Start time”
Work-hour 420 (77.6)
Off-hour 121(22.4)
Eye response of Glasgow coma scale 20413
4 66 (12.2)
3 63 (11.6)
2 178 (32.9)
1 234 (433)
Lesion, positive 49 (9.1)

Values are presented as meanztstandard deviation or number (%).
BMI; body mass index, ICU; intensive care unit, GW; general ward, ER;

emergency room.
*Patients number is 539.

*Work-hour is 9:00-18:00 and off-hour is 18:01-8:59 of the next day.

2. LesionPos2} LesionNeg2| H|ul

AL Hatk HARE AHEE 3t F 4978(9.4%)- Lesion-
Pos@tH(Table 2). B A% LesionPos7t 7251179412
66.1£17.4A19] LesionNeg Bt %2t =% THp=0.005).
T 15 7+ Aoy AEG Aol Aozt figiH: Hut 4
ALY Wt A& AIZH2 LesionPos”t 118.0+68.6A17F2.
2 45.6+£36.9417t9] LesionNeg®th © ZAAcH(p<0.001).
LesionPosollAl& 67.3%°] sidst= 3390] ICUOIA] 3
& ¥, LesionNeg?] 58.1%0] 3id3t= 28682 ICU <
oA AJHE|QIEE. Hu} AR AJAF AIZEE = T5F 7H]l Ao
7} 90T} LesionPos®] 39 327(65.3%)°] 2L &4
AL o] oA 130]tk 94 o] TE S Hl
S} LesionPos®} LesionNeg 7tol| 9]0 gk ZFo]7} iSith
(p=0.014). LesionPos 497 S04 20419 o] g
Q1 A= 3ol om, o]52 BF ICUOA AAIZE Hut
HAFE 100A17F o4 AlHSHIAL 5 9 Algtol HARS Al
Z}SFAT

PG WA} 11 R 810 it 2AAE 3 &4
(Table 3)o1A ALF3t ¥u} HAF AIZES] ORS 22} 1.032
(95% confidence interval [CI], 1.008-1.056, p=0.009)
2 1.022 (95% CI, 1.015-1.029, p<0.00D)Atk. FHAT &
T A FRES 181 £4= SEAbollA] Q] OR 2.702
(95% CI, 1.461-4.999, p=0.002)%{ct-

=
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Table 2. Comparison between the groups of pressure ulcer lesion positive and pressure ulcer lesion negative

Characteristic LesionPos (n=49) LesionNeg (n=492) p-value

Age (years) 72.5£17.9 66.1£17.4 0.005
Age =67 years 36 (73.5) 279 (56.7) 0.016°

Sex
Male 28 (57.1) 272 (55.3) 0.881°

BMI (kg/mz) 22452 22.6+4.3 0.776
BMI >25 Kg/m2 15 (30.6) 131(26.7) 0.333°

Site
ICU 33 (67.3) 206 (41.9) 0.002°
GW 7(14.3) 154 (31.3)

ER 9 (18.4) 132 (26.8)

Recording time (hours) 118.0+68.6 456+36.9 <0.001
>48 hours 48 (98.0) 243 (49.4) <0.001°
>72 hours 40 (81.6) 87 (17.7) <0.001°
>100 hours 23 (46.9) 21(4.3) <0.001°

Start time”

Work-hour 40 (81.6) 380 (77.2) 0.591°
Off-hour 9 (184) 12 (22.8)

Eye response of Glasgow coma scale
4 5(102) 61(12.4) 0.014°
3 3(6.9) 60 (12.2)

2 9(18.4) 169 (34.3)
1 32 (65.3) 202 (41.1)

Values are presented as mean+tstandard deviation or number (%).

LesionPos; lesion positive, LesionNeg; lesion negative, BMI; body mass index, ICU; intensive care unit, GW; general ward, ER; emergency room.
°Fisher’s exact test.

®Work-hour is 9:00-18:00 and off-hour is 18:01-8:59 of the next day.

Table 3. Logistic regression analysis of pressure ulcer lesion positive

Variable OR 95% Cl p-value
Age 1.032 1.008-1.056 0.009
Site

ICU 1.000

ER 0.696 0.279-1.734 0.437

GW 0.4571 0.167-1.214 0.115
Recording time 1.022 1.015-1.029 <0.001
Eye response of Glasgow coma scale

4-2° 1.000

1 2.702 1461-4.999 0.002

OR; odds ratio, Cl; confidence interval, ICU; intensive care unit, ER; emergency room, GW; general ward.
°Stands for alert to stupor.
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