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Abstract

Miniaturized wearable and portable medical devices require enhanced electrical safety despite limited internal spacing. However,
satisfying the insulation requirements of IEC 60601-1 (3.2 edition, Clause 8.9) is challenging in small and battery-operated
designs. In this study, five commercial Holter ECG devices were analyzed to evaluate creepage (> 3.4 mm) and clearance (> 1.6
mm) distances under 2xMOPP conditions. Only the ChoiceMMed MD100B partially met the requirements through PCB holes
and isolated USB circuitry. Based on these findings, conservative design approaches were proposed, including structural
reinforcement with slots and ribs, port insulation, and the use of high-efficiency isolated DC-DC converters with thermal-
management considerations. The proposed methods provide a practical guideline for achieving IEC 60601-1 Clause 8.9
compliance and ensuring electrical safety in compact medical devices.
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