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يدثلا 	 ناطرس 	 ضرم 	 فاشتكا

لكش 	 وأ 	 يعضوم 	 لكشب 	 امّإ 	 نوكي 	 جلاعلاو 	 ،يفطاعلاو 	 يسفنلا 	 معدلل 	 ةفاضلإابو 	 ،لمكمو 	 ليدب 	 جلاع .	 تاجوملاب 	 	.جلاعلا يجولويبلا 	 	.جلاعلا ينومرهلا 	 	.جلاعلا يواميكلاب 	 	.جلاعلا ةحارجلاب 	 	:جلاعلا يهو 	 ةددعتم 	 جلاعلا 	 قرطو 	 ،هعونو 	 ضرملا 	 ةلحرم 	 ىلع 	 دمتعي 	 يدثلا 	 ناطرس 	 جلاع 	 يدثلا 	 ناطرس 	 جلاع .	 ةعشملا 	 رئاظنلاب 	 	.ريوصتلا نخثلأا 	 امهنم 	 ربلأا 	 نم 	 نيعون 	 ةطساوب 	 	.صحف ةينيسلا 	 ةعشلأا 	 مادختساب 	 صحفلل 	 ممّتمو 	 ،رانوسلا 	 تاجومب 	 صحفلل 	 لمكم 	 صحفلا 	 اذهو 	 ،يسيطانغملا 	 نينرلاب 	 يدثلا 	 	.ريوصت بيلحلا 	 يراجم 	 صحف 	 مدختسي 	 تازارفإ 	 دوجو 	 لاح 	 	.يف تاعاعشلإل 	 ةأرملا 	 مسج 	 ضرعي 	لا	 هّنلأ 	 ًايحص 	 ربتعي 	 صحفلا 	 نم 	 عونلا 	 اذهو 	 ،يدثلا 	 ةجسنأ 	 ةفاثك 	 تناك 	 امهم 	 ًاقيقد 	 فشكلا 	 نوكيو 	 ،دجو 	 نإ 	 ناطرسلا 	 عون 	 ةفرعم 	 يف 	 دعاسي 	 وهف 	 ؛ةدئاف 	 رثكأو 	 مهم 	 صحفلا 	 اذهو (	 ةيتوصلا 	 قوف 	 ةعشلأا 	) رانوسلا 	 	.ةعشأ مارولأا 	 نع 	 فشكلا 	 يف 	 صوحفلا 	 لضفأ 	 نم 	 صحفلا 	 اذهو 	 ،ةينيسلا 	 ةعشلأا 	 مادختساب 	 	صحفلا يدثلا 	 ناطرس 	 صيخشت .	 رهظلا 	 ىلع 	 ءاقلتسلاا 	 عم 	 نكل 	 ةقيرطلا 	 سفنب 	 صحفلا 	 	.داعي نميلأا 	 بناجلا 	 عم 	 ةّيلمعلا 	 راركتو .	 ةّيعيبط 	 ريغ 	 تازارفإ 	 دوجو 	 مدع 	 نم 	 دكأتلل 	 ةملحلا 	 ىلع 	 فطلب 	 طغضلا 	 مّث 	 ،دلجلا 	 تحت 	 ةمرّوتم 	 لتك 	 ةيأ 	 دوجو 	 ةظحلامل 	 طبلإا 	 لفسأو 	 يدثلاو 	 طبلإا 	 نيب 	 ةقطنملا 	 ىلع 	 زيكرتلا 	 عم 	 ةملحلل 	 ًلاوصو 	 لخادلل 	 جراخلا 	 نم 	 ّيرئاد 	 لكشب 	 رسيلأا 	 يدثلا 	 صحف 	 يف 	 ىنميلا 	 ديلا 	 مادختساو 	 ىرسيلا 	 ديلا 	 	.عفر ةملحلا 	 لكش 	 يف 	 ريغت 	 وأ 	 نيبناجلا 	 دحأ 	 ةلتك 	 يف 	 ريغت 	 دوجو 	 ةظحلامو 	 ةآرملا 	 مامأ 	 فوقولا 	 قيرط 	 نع 	 صحفلاب 	 ةأرملا 	 	.موقت يدثلا 	 ىلع 	 أرطت 	 يتلا 	 تارّيغتلا 	 ةظحلام 	 ىلع 	 ساسلأا 	 يف 	 صحفلا 	 دمتعي 	 ثيح 	 ّ،يرود 	 لكشب 	 صحفلاب 	 موقت 	 نأ 	 سأيلا 	 نّس 	 زواجتت 	 مل 	 ةديس 	 وأ 	 ةاتف 	 لّك 	 ىلع 	 بجي 	 اذل 	 ،يّئاهن 	 لكشب 	 هيلع 	 ءاضقلا 	 يف 	 حاجنلاو 	 ًاركبم 	 ضرملا 	 فاشتكلا 	 ىلولأا 	 ةلاعفلا 	 ةليسولا 	 ّيرودلا 	 يّتاذلا 	 صحفلا 	 ٢]	لثمي :] يدثلل 	 يتاذلا 	 صحفلاب 	 مايقلل 	 كلذو 	 ةيلاتلا 	 تاوطخلا 	 عبتا 	 يدثلل 	 يتاذلا 	 صحفلا .	 دلجلا 	 حطس 	 ىلع 	 رارمحا 	 روهظ 	 بناج 	 ىلإ 	 ،لاقتربلا 	 ةرشق 	 لكش 	 نم 	 برتقت 	 ةدّعجم 	 وأ 	 ةنشخ 	 قطانم 	 هب 	 رهظت 	 يذلا 	 يدثلا 	 دلج 	 لكش 	 يف 	 رّيغت 	 وأ 	 ،يدثلا 	 ماوق 	 وأ 	 مجح 	 يف 	 رّيغت 	 ةأرملا 	 ظحلات 	 دق 	 ثيح 	 ،ةمّاع 	 ةفصب 	 يدثلا 	 لكش 	 	.رّيغتي مرولا 	 روهظ 	 دنع 	 ًانايحأ 	 ءامدلاب 	 ةرّكعم 	 وأ 	 ةفافش 	 لئاوس 	 يدثلا 	 	.زرفي ةّيناطرس 	 ريغ 	 نوكت 	 يدثلا 	 يف 	 رهظت 	 يتلا 	 لتكلا 	 بلغأ 	 نّإو 	 ،هعابّتا 	 بجي 	 ام 	 ةفرعمو 	 بيبطلاب 	 لاصّتلاا 	 بجي 	 اذل 	 زربلأا 	 ةملاعلا 	 ّدعت 	 اهنكلو 	 ،ةرورضلاب 	 يدثلا 	 ناطرسب 	 ةباصلإا 	 ينعت 	لا	 يدثلا 	 يف 	 ةلتكب 	 روعشلا 	 نأ 	 ىلإ 	 ًلاوأ 	 هابتنلاا 	 ١]	بجي :] يدثلا 	 ناطرس 	 ةفرعم 	 اهللاخ 	 نم 	 كنكمي 	 يتلا 	 تاملاعلا 	 نم 	 ةعومجم 	 هذه 	 يدثلا 	 ناطرس 	 تاملاع 	 يدثلا 	 ناطرس 	 ليلحت 	 ناطرسلاب 	 باصم 	 كنأ 	 فرعت 	 فيك 	 ةلص 	 تاذ
عجارملا .	 ضرملا 	 ةهجاوم 	 يف 	 ةأرملا 	 معد 	 براجتو 	 ،ةحاتملا 	 جلاعلاو 	 ةياقولا 	 بيلاسأ 	 ،ركبملا 	 فشكلا 	 ةيمهأ 	 ىلع 	 ءوضلا 	 طلست 	 ،ةرهز 	 ةيعمجو 	 سترافون 	 ةكرش 	 عم 	 نواعتلاب 	 ريخلا 	 مأ 	 ةروتكدلا 	 عم 	 ركبملا 	 يدثلا 	 ناطرس 	 لوح 	 ةصاخ 	 ةقلح [٣ .] ةمّاع 	 ةفصب 	 مارولأا 	 تاجلاع 	 رّوطتو 	 ملاعلا 	 ءاحنأ 	 فلتخم 	 يف 	 ةرشتنملا 	 ةيعوتلا 	 تلامح 	 ببسب 	 رّمتسم 	 عجارت 	 يف 	 يدثلا 	 ناطرسب 	 تايفولا 	 بسن 	 نّإف 	 ماع 	 لكشبو 	 ،ةيمانلا 	 لودلا 	 نع 	 ةمّدقتملا 	 لودلا 	 يف 	 تايفولا 	 بسن 	 لقت 	 ثيح 	 ،ةلاحلل 	 يفارغجلا 	 عقوملاو 	 ةباصلإا 	 فاشتكا 	 تيقوتو 	 تلااحلا 	 ةعيبط 	 بسح 	 ةافولا 	 تلادعم 	 فلتختو 	 ،ملاعلا 	 لوح 	 ثانلإا 	 ةافول 	 ةيّدؤملا 	 بابسلأا 	 زربأ 	 نم 	 وهو 	 ً،ايونس 	 ملاعلا 	 لوح 	 ةمسن 	 نويلم 	 فصن 	 يلاوح 	 ةافو 	 يف 	 بّبستيو 	 ،ةئملاب 	 نيرشعو 	 ةثلاثلا 	 براقي 	 ام 	 ىرخلأا 	 ناطرسلا 	 لاكشأب 	 ةنراقم 	 يدثلا 	 ناطرسب 	 ةباصلإا 	 ةبسن 	 لّكشت [
ةيزيلجنلإاب 	) يدثلل 	 ةيتوصلا 	 قوف 	 تاجوملاب 	 ريوصتلا 	 ةداع 	 ىرجي 	 ةيتوصلا 	 قوف 	 تاجوملاب 	 يدثلا 	 	ريوصت لماشلا 	 كليلد :	 يدثلا 	 ناطرس 	 ضارعأ :	 اضًيأ 	 أرقا [	 4 .	] بسانملا 	 صيخشتلا 	 ةفرعمل 	 تارابتخلاا 	 نم 	 ديزم 	 ءارجلإ 	 ةجاحلا 	 ىلإ 	 ريشت 	 دق 	 اهنكلو 	 ،يدثلا 	 ناطرسب 	 ةباصلإا 	 ةيمتح 	 ينعت 	لا	 ةيعيبطلا 	 ريغ 	 مارجوماملا 	 صحف 	 جئاتن 	 نأ 	 ركذلاب 	 	.ريدج 	(Ultrasound	Breast	:ةعزخلا ةيزيلجنلإاب 	) يسيطانغملا 	 نينرلاب 	 يدثلا 	 ريوصت 	 مدختسي 	 يسيطانغملا 	 نينرلاب 	 يدثلا 	 2]	ريوصت .	] ةعزخ 	 لمع 	 دنع 	 يدثلا 	 ةجسنأ 	 نم 	 ةنيعلا 	 ذخأ 	 ناكم 	 ديدحت 	 يف 	 اضًيأ 	 ديفت 	 دقو 	 ،هلمكأب 	 يدثلا 	 سيلو 	 يدثلا 	 نم 	 ءزج 	 صحفل 	 اًبلاغ 	 ةيتوصلا 	 قوف 	 تاجوملا 	 مدختست [		 5][3][2 .	] يدثلا 	 ناطرسو 	 ةديمحلا 	 يدثلا 	 ماروأ 	 نيب 	 قيرفتلا 	 يف 	 دعاسي 	 دق 	 امم 	 ؛ةبلص 	 ةلتك 	 مأ 	 لئاوسلاب 	 ءولمم 	 سيك 	 يه 	 له 	 يدثلا 	 يف 	 ةدوجوملا 	 ةلتكلا 	 ةعيبط 	 نع 	 فشكلل 	 ددرتلا 	 ةيلاع 	 ةيتوص 	 تاجوم 	 صحفلا 	 اذه 	 مدختسي .	 يدثلا 	 يف 	 ةسوسحم 	 ةلتك 	 دوجو 	 دنع 	 وأ 	 هيف 	 ةيعيبط 	 ريغ 	 ةجسنأ 	 روهظ 	 لاح 	 يف 	 مارجوماملا 	 دعب 	 يدثلا 	 ناطرس 	 صيخشت 	 تاوطخ 	 	(MRI	Breast	:نمض ةيزيلجنلإاب 	) يدثلا 	 ةعزخ 	 ىمست 	 يتلاو 	 يدثلا 	 يف 	 مرولا 	 نم 	 ةنيع 	 ذخأ 	 دعي 		 ةعزخلا 	 يدثلا 	 ناطرس 	 جلاع 	 قرط :	 اضًيأ 	 أرقا .	 جلاعلا 	 يقلت 	 دعب 	 يدثلا 	 ناطرس 	 تلااح 	 ةعباتم .	 يدثلا 	 ماروأ 	 لاصئتسا 	 ةحارجل 	 عوضخلا 	 لبق .	 ىرخلأا 	 ةيريوصتلا 	 تارابتخلاا 	 حوضو 	 مدع .	 يدثلا 	 ناطرسب 	 ةباصلإا 	 نم 	 خيرات 	 اهيدل 	 يتلا 	 تلااحلا .	 يدثلا 	 تاسرغ 	 نعضي 	 يتلالا 	 ءاسنلا 	 يف 	 كلذكو 	 ،ةفيلتملا 	 وأ 	 ةفاثكلا 	 ةيلاع 	 يدثلا 	 ةجسنأ 	 ةلاح 	 يف 	 يدثلا 	 صحف .	 يدثلا 	 ناطرسب 	 ةباصلإا 	 رطخل 	 نيضرعملا 	 صاخشلأا 	 يف 	 مارجوماملا 	 بناجب 	 اًيونس 	 يدثلا 	 صحف .	 صيخشتلا 	 ديكأت 	 دعب 	 يدثلا 	 يف 	 ناطرسلا 	 راشتنا 	 ىدم 	 3][4][5]	ةفرعم :	] ةيتلآا 	 تلااحلا 	 يف 	 بيبطلا 	 هب 	 يصوي 	 دقو 	 ،صيخشتلا 	 يف 	 ةدعاسملل 	 ىرخأ 	 تاصوحف 	 بناجب 	 ىرجي 	 هنكلو 	 ،يدثلا 	 ناطرس 	 صيخشتل 	 اقًيقد 	 اصًحف 	 يسيطانغملا 	 نينرلاب 	 يدثلا 	 ريوصت 	 دعي لا	 [		 5][3 .	] اهيف 	 ةثداحلا 	 تاريغتلاو 	 يدثلا 	 ةجسنلأ 	 حضوأ 	 ةروص 	 نيوكتل 	 اًيديرو 	 نيابتلا 	 ةغبص 	 ءاطعإ 	 متي 	 ام 	 ةداعو 	 ،يدثلل 	 ةلصفم 	 ةروص 	 نيوكتل 	 ةبسوحملا 	 ويدارلا 	 تاجومو 	 يسيطانغملا 	 	(Biopsy	Breast	:لاجملا

يناثلا 	 يرشبلا 	 ومنلا 	 لماع 	 لبقتسم 		 يناثلا 	 يرشبلا 	 ومنلا 	 لماع 	 لبقتسم 	 1][6]	رابتخا .	] بسانملا 	 جلاعلا 	 رايتخا 	 يف 	 مهاسي 	 يذلا 	 رملأا 	 ؛لا 	 مأ 	 تلابقتسملا 	 هذه 	 ىلع 	 يوتحت 	 تناك 	 اذإ 	 ام 	 نع 	 فشكلا 	 يف 	 تانومرهلل 	 ةيناطرسلا 	 ايلاخلا 	 ةباجتسا 	 رابتخاو 	 ةعزخ 	 ذخأ 	 ديفي 	 كلذل 	 ؛تانومرهلا 	 هذهل 	 تلابقتسم 	 ىلع 	 اهايلاخ 	 يوتحت 	 يتلا 	 تاناطرسلا 	 عاونأ 	 ضعب 	 يف 	 ةيناطرسلا 	 ايلاخلا 	 ومن 	 نوريتسيجوربلاو 	 نيجورتسلإا 	 ةيوثنلأا 	 تانومرهلا 	 زفحت 	 دق [	 6 :	] يلي 	 ام 	 تارابتخلاا 	 هذه 	 زربأ 	 نمو 	 ،هجلاعل 	 ةقيرط 	 لضفأو 	 ناطرسلا 	 عون 	 ديدحتل 	 يدثلا 	 ناطرس 	 صيخشت 	 ديكأت 	 دعب 	 ىرخأ 	 تارابتخلا 	 عوضخلا 	 تلااحلا 	 ضعب 	 يعدتست 	 نأ 	 نكمي 	 هجلاع 	 قرطو 	 يدثلا 	 ناطرس 	 عون 	 ديدحت 	 ةيفيك 	 هروطتو 	 يدثلا 	 ناطرس 	 لحارم :	 اضًيأ 	 	.أرقا يكوشلا 	 لبحلاو 	 خملا 	 اهنمو 	 ةفلتخملا 	 مسجلا 	 ءازجلأ 	 ناطرسلا 	 راشتنا 	 ىدم 	 ديدحت 	 يف 	 صحفلا 	 اذه 	 مهاسي :	 يسيطانغملا 	 نينرلاب 	 ريوصتلا .	 ةدعملا 	 وأ 	 ةئرلا 	 لثم 	 ىرخأ 	 قطانم 	 ىلإ 	 لصو 	 دق 	 ناك 	 اذإ 	 امو 	 ناطرسلا 	 راشتنا 	 ىدم 	 ةفرعمل 	 يدثلا 	 ناطرس 	 صيخشت 	 دعب 	 بسوحملا 	 يعطقملا 	 ريوصتلا 	 صحف 	 لمعب 	 بيبطلا 	 يصوي 	 دق (:	 ةيعطقملا 	 ةعشلأا 	) بسوحملا 	 يعطقملا 	 ريوصتلا .	 قطانملا 	 هذه 	 ديدحتل 	 ماظعلا 	 ريوصتو 	 حسم 	 مث 	 نمو 	 ،تدجو 	 نإ 	 ماظعلا 	 يف 	 ةيعيبطلا 	 ريغ 	 ةجسنلأاب 	 طبترت 	 ديرولا 	 يف 	 ةعشم 	 ةدام 	 نقح 	 متي 	 ثيح 	 ،ماظعلا 	 ىلإ 	 رشتنا 	 دق 	 يدثلا 	 ناطرس 	 ناك 	 اذإ 	 ام 	 نع 	 فشكلل 	 ةعشملا 	 رئاظنلاب 	 ماظعلا 	 ريوصت 	 صحف 	 ىرجي :	 ماظعلا 	 ريوصت .	 مظعلا 	 عاخنو 	 ،ىلكلاو 	 دبكلا 	 فئاظو 	 صحفو 	 ،ةماعلا 	 ضيرملا 	 ةحص 	 نع 	 فشكلل 	 مدلا 	 تاصوحف 	 ىرجت :	 مدلا 	 4][5][7]		تارابتخا :	] يلي 	 ام 	 تاصوحفلا 	 هذه 	 نمضتت [	 5 .	] مسجلا 	 نم 	 ىرخأ 	 ءازجأ 	 ىلإ 	 لقتنا 	 ناك 	 اذإ 	 امو 	 ،هراشتنا 	 ىدمو 	 ،همجح 	 ىلع 	 اًدامتعا 	 ناطرسلا 	 ةلحرم 	 ديدحتل 	 كلذو 	 ،يدثلا 	 ناطرس 	 صيخشت 	 ديكأت 	 لاح 	 يف 	 ىرخأ 	 تاصوحف 	 ءارجإ 	 بيبطلا 	 بلطي 	 دق 	 يدثلا 	 ناطرس 	 ةلحرم 	 ديدحت 	 	.قرط ربتخملا 	 يف 	 ةلتكلا 	 صحف 	 مث 	 ،مرولاب 	 ةطيحملا 	 ةميلسلا 	 ةجسنلأا 	 نم 	 ءزج 	 عم 	 يدثلا 	 نم 	 لماكلاب 	 ةيمرولا 	 ةلتكلا 	 لاصئتسا 	 ةعزخلا 	 هذه 	 يف 	 ىرجي :	 ةيحارجلا 	 ةعزخلا .	 تلااحلا 	 ضعب 	 يف 	 يدثلا 	 ناطرس 	 صيخشت 	 يف 	 ةقيقدلا 	 عاونلأا 	 نم 	 اهلعجي 	 ام 	 ةقباسلا 	 تاعزخلا 	 عاونأب 	 ةنراقم 	 ةيعيبطلا 	 ريغ 	 ةجسنلأا 	 نم 	 ربكأ 	 ةيمك 	 بحسل 	 طفش 	 ةادأب 	 ةلصتم 	 يدثلا 	 يف 	 ةربإ 	 لاخدإ 	 ةعزخلا 	 هذه 	 يف 	 متي :	 يئاوهلا 	 غيرفتلا 	 ةدعاسمب 	 ةعزخ .	 يسيطانغملا 	 نينرلا 	 وأ 	 ،ةيتوصلا 	 قوف 	 تاجوملا 	 وأ 	 ،مارجوماملا 	 ،ةعزخلا 	 هذه 	 ذخأ 	 يف 	 ةمدختسملا 	 ريوصتلا 	 تاينقت 	 ةلثمأ 	 نمو 	 ،ةريغصلا 	 ةيمرولا 	 لتكلا 	 ةلاح 	 يف 	 ةقدب 	 مرولا 	 عقوم 	 ىلإ 	 ةربلإا 	 هيجوت 	 يف 	 دعاست 	 ةيريوصت 	 ةينقتب 	 ةناعتسلاا 	 اهيف 	 متي 	 نكلو 	 ةيساسلأا 	 ةربلإا 	 ةعزخ 	 يه :	 ةمسجملا 	 يدثلا 	 ةعزخ .	 ةعيفرلا 	 ةربلإاب 	 ةنراقم 	 ةجسنلأا 	 	(HER2)	نم ةبلص 	 ةلتك 	 دوجوب 	 روعشلا 	 وأ 	 يدثلا 	 يف 	 تاريغت 	 يأ 	 فاشتكا 	 دنع 	 روفلا 	 ىلع 	 بيبطلا 	 ةعجارمو 	 يدثلل 	 يتاذ 	 صحف 	 لمعب 	 ىصوي 	 اذل 	 ؛جلاعلا 	 حاجن 	 يف 	 ارًكبم 	 يدثلا 	 ناطرس 	 فاشتكا 	 مهاسيو 	 ،تارابتخلااو 	 تاصوحفلا 	 نم 	 ةعومجم 	 لمعو 	 يندب 	 صحف 	 ءارجإ 	 ربع 	 يدثلا 	 ناطرس 	 صيخشت 	 متي 	 يبطلا 	 ةحيصن [	6 .	] بسانملا 	 جلاعلا 	 ديدحت 	 يف 	 نيتوربلا 	 اذه 	 نع 	 فشكلا 	 مهاسيو 	 ،يدثلا 	 ناطرس 	 عاونأ 	 ضعب 	 ومن 	 زفحي 	 نيتورب 	 وه
انيس 	 لأسا !	 ةيحصلا 	 كتمدخل 	 يعانطصا 	 ءاكذ 	 ،انيس 	 قلطي 	 	يبطلا ةيحصلا 	 كتلئسأ 	 ىلع 	 ةباجلال 	 يبطلا 	 نم 	 يصخشلا 	 	كدعاسم يدثلل 	 يتاذلا 	 صحفلا :	 اضًيأ 	 أرقا .	 mengubah	telah	yang	kanker	pengobatan	dalam	terbaru	inovasi	satu	salah	adalah	imun	Terapi	Lanjut	Lebih	Baca	putri…	atau	princess	sosok	tentang	masyarakat	persepsi	terhadap	besar	dampak	memiliki	Disney	Budaya	–	www.breastcancertalk.net	Lanjut	Lebih	Baca	Trisula88…	mancanegara.	bahkan	dan	Indonesia	seluruh	di	terkenal	sangat	sudah	Palembang,	dari	khas	makanan	Pempek,	Lanjut	Lebih	Baca	bonus…	dunia,	seluruh	di	orang	jutaan	sehari-hari	kehidupan	dari	bagian	menjadi	kini	yang	minuman	Kopi,	هيف

cara	kita…	Baca	Lebih	Lanjut	1.	Terinspirasi	dari	Kehidupan	Nyata	Crayon	Shinchan	diciptakan	oleh	Yoshito	Usui	dan	terinspirasi	dari	kehidupan…	Baca	Lebih	Lanjut	Xiaolongbao	Ala	Rumah:	Resep	Sederhana	untuk	Dumpling	Khas	Shanghai	Xiaolongbao	adalah	dumpling	khas	Shanghai	yang…	Baca	Lebih	Lanjut	breastcancertalk	–	Greenland,	pulau	raksasa	yang	terletak	di	antara	Samudra	Atlantik	dan	Samudra	Arktik,	telah…	Baca	Lebih	Lanjut	breastcancertalk.net	–	Kepala	Kepolisian	Resor	Metropolitan	Jakarta	Barat,	Komisaris	Besar	Polisi	(Kombes)
Donald,	baru-baru	ini…	Baca	Lebih	Lanjut	Ayam	Kunyit	Panggang	adalah	pilihan	hidangan	sehat	yang	tidak	hanya	menggugah	selera	tetapi	juga	kaya…	Baca	Lebih	Lanjut	Alpukat,	dengan	tekstur	lembut	dan	rasa	yang	kaya,	tidak	hanya	lezat	tetapi	juga	penuh	dengan…	Baca	Lebih	Lanjut	To	make	science	and	data	easier	for	broad	audiences	to	interpret,	CDC	is	translating	science	into	practical,	easy	to	understand	policy	by	clarifying	and	presenting	scientific	language	so	that	anyone	can	understand	it	and	standardizing	guideline	development	across	the	agency.
This	article	is	about	imaging	the	human	body.	For	imaging	of	animals	in	research,	see	Preclinical	imaging.	For	therapeutic	use	of	ultrasound,	see	Focused	ultrasound.	"Echography"	and	"Echograph"	redirect	here.	Not	to	be	confused	with	Echo	sounding.	Medical	intervention	Medical	ultrasoundSonographer	carrying	out	echocardiography	on	a	childICD-10-PCSB?4ICD-9-CM88.7MeSHD014463OPS-301	code3-03...3-05[edit	on	Wikidata]	Medical	ultrasound	includes	diagnostic	techniques	(mainly	imaging)	using	ultrasound,	as	well	as	therapeutic	applications	of
ultrasound.	In	diagnosis,	it	is	used	to	create	an	image	of	internal	body	structures	such	as	tendons,	muscles,	joints,	blood	vessels,	and	internal	organs,	to	measure	some	characteristics	(e.g.,	distances	and	velocities)	or	to	generate	an	informative	audible	sound.	The	usage	of	ultrasound	to	produce	visual	images	for	medicine	is	called	medical	ultrasonography	or	simply	sonography,	or	echography.	The	practice	of	examining	pregnant	women	using	ultrasound	is	called	obstetric	ultrasonography,	and	was	an	early	development	of	clinical	ultrasonography.	The	machine
used	is	called	an	ultrasound	machine,	a	sonograph	or	an	echograph.	The	visual	image	formed	using	this	technique	is	called	an	ultrasonogram,	a	sonogram	or	an	echogram.	Ultrasound	of	carotid	artery	Ultrasound	is	composed	of	sound	waves	with	frequencies	greater	than	20,000	Hz,	which	is	the	approximate	upper	threshold	of	human	hearing.[1]	Ultrasonic	images,	also	known	as	sonograms,	are	created	by	sending	pulses	of	ultrasound	into	tissue	using	a	probe.	The	ultrasound	pulses	echo	off	tissues	with	different	reflection	properties	and	are	returned	to	the
probe	which	records	and	displays	them	as	an	image.	A	general-purpose	ultrasonic	transducer	may	be	used	for	most	imaging	purposes	but	some	situations	may	require	the	use	of	a	specialized	transducer.	Most	ultrasound	examination	is	done	using	a	transducer	on	the	surface	of	the	body,	but	improved	visualization	is	often	possible	if	a	transducer	can	be	placed	inside	the	body.	For	this	purpose,	special-use	transducers,	including	transvaginal,	endorectal,	and	transesophageal	transducers	are	commonly	employed.	At	the	extreme,	very	small	transducers	can	be
mounted	on	small	diameter	catheters	and	placed	within	blood	vessels	to	image	the	walls	and	disease	of	those	vessels.	The	imaging	mode	refers	to	probe	and	machine	settings	that	result	in	specific	dimensions	of	the	ultrasound	image.[2]	Several	modes	of	ultrasound	are	used	in	medical	imaging:[3][4]	A-mode:	Amplitude	mode	refers	to	the	mode	in	which	the	amplitude	of	the	transducer	voltage	is	recorded	as	a	function	of	two-way	travel	time	of	an	ultrasound	pulse.	A	single	pulse	is	transmitted	through	the	body	and	scatters	back	to	the	same	transducer	element.
The	voltage	amplitudes	recorded	correlate	linearly	to	acoustic	pressure	amplitudes.	A-mode	is	one-dimensional.	B-mode:	In	brightness	mode,	an	array	of	transducer	elements	scans	a	plane	through	the	body	resulting	in	a	two-dimensional	image.	Each	pixel	value	of	the	image	correlates	to	voltage	amplitude	registered	from	the	backscattered	signal.	The	dimensions	of	B-mode	images	are	voltage	as	a	function	of	angle	and	two-way	time.	M-mode:	In	motion	mode,	A-mode	pulses	are	emitted	in	succession.	The	backscattered	signal	is	converted	to	lines	of	bright
pixels,	whose	brightness	linearly	correlates	to	backscattered	voltage	amplitudes.	Each	next	line	is	plotted	adjacent	to	the	previous,	resulting	in	an	image	that	looks	like	a	B-mode	image.	The	M-mode	image	dimensions	are	however	voltage	as	a	function	of	two-way	time	and	recording	time.	This	mode	is	an	ultrasound	analogy	to	streak	video	recording	in	high-speed	photography.	As	moving	tissue	transitions	produce	backscattering,	this	can	be	used	to	determine	the	displacement	of	specific	organ	structures,	most	commonly	the	heart.	Most	machines	convert	two-
way	time	to	imaging	depth	using	as	assumed	speed	of	sound	of	1540	m/s.	As	the	actual	speed	of	sound	varies	greatly	in	different	tissue	types,	an	ultrasound	image	is	therefore	not	a	true	tomographic	representation	of	the	body.[5]	Three-dimensional	imaging	is	done	by	combining	B-mode	images,	using	dedicated	rotating	or	stationary	probes.	This	has	also	been	referred	to	as	C-mode.[4]	An	imaging	technique	refers	to	a	method	of	signal	generation	and	processing	that	results	in	a	specific	application.	Most	imaging	techniques	are	operating	in	B-mode.	Doppler
sonography:	This	imaging	technique	makes	use	of	the	Doppler	effect	in	detection	and	measuring	moving	targets,	typically	blood.	Harmonic	imaging:	backscattered	signal	from	tissue	is	filtered	to	comprise	only	frequency	content	of	at	least	twice	the	centre	frequency	of	the	transmitted	ultrasound.	Harmonic	imaging	used	for	perfusion	detection	when	using	ultrasound	contrast	agents	and	for	the	detection	of	tissue	harmonics.	Common	pulse	schemes	for	the	creation	of	harmonic	response	without	the	need	of	real-time	Fourier	analysis	are	pulse	inversion	and
power	modulation.[6]	B-flow	image	of	venous	reflux.	Video	is	available.	B-flow	is	an	imaging	technique	that	digitally	highlights	moving	reflectors	(mainly	red	blood	cells)	while	suppressing	the	signals	from	the	surrounding	stationary	tissue.	It	aims	to	visualize	flowing	blood	and	surrounding	stationary	tissues	simultaneously.[7]	It	is	thus	an	alternative	or	complement	to	Doppler	ultrasonography	in	visualizing	blood	flow.[8]	Therapeutic	ultrasound	aimed	at	a	specific	tumor	or	calculus	is	not	an	imaging	mode.	However,	for	positioning	a	treatment	probe	to	focus	on
a	specific	region	of	interest,	A-mode	and	B-mode	are	typically	used,	often	during	treatment.[9]	This	section	does	not	cite	any	sources.	Please	help	improve	this	section	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(May	2025)	(Learn	how	and	when	to	remove	this	message)	Compared	to	other	medical	imaging	modalities,	ultrasound	has	several	advantages.	It	provides	images	in	real-time,	is	portable,	and	can	consequently	be	brought	to	the	bedside.	It	is	substantially	lower	in	cost	than	other	imaging	strategies.
Drawbacks	include	various	limits	on	its	field	of	view,	the	need	for	patient	cooperation,	dependence	on	patient	physique,	difficulty	imaging	structures	obscured	by	bone,	air	or	gases,[note	1]	and	the	necessity	of	a	skilled	operator,	usually	with	professional	training.	Urinary	bladder	(black	butterfly-like	shape)	and	hyperplastic	prostate	(BPH)	visualized	by	medical	ultrasound	Sonography	(ultrasonography)	is	widely	used	in	medicine.	It	is	possible	to	perform	both	diagnosis	and	therapeutic	procedures,	using	ultrasound	to	guide	interventional	procedures	such	as
biopsies	or	to	drain	collections	of	fluid,	which	can	be	both	diagnostic	and	therapeutic.	Sonographers	are	medical	professionals	who	perform	scans	which	are	traditionally	interpreted	by	radiologists,	physicians	who	specialize	in	the	application	and	interpretation	of	medical	imaging	modalities,	or	by	cardiologists	in	the	case	of	cardiac	ultrasonography	(echocardiography).	Sonography	is	effective	for	imaging	soft	tissues	of	the	body.[10]	Superficial	structures	such	as	muscle,	tendon,	testis,	breast,	thyroid	and	parathyroid	glands,	and	the	neonatal	brain	are	imaged
at	higher	frequencies	(7–18	MHz),	which	provide	better	linear	(axial)	and	horizontal	(lateral)	resolution.	Deeper	structures	such	as	liver	and	kidney	are	imaged	at	lower	frequencies	(1–6	MHz)	with	lower	axial	and	lateral	resolution	as	a	price	of	deeper	tissue	penetration.[citation	needed]	In	anesthesiology,	ultrasound	is	commonly	used	to	guide	the	placement	of	needles	when	injecting	local	anesthetic	solutions	in	the	proximity	of	nerves	identified	within	the	ultrasound	image	(nerve	block).	It	is	also	used	for	vascular	access	such	as	cannulation	of	large	central
veins	and	for	difficult	arterial	cannulation.	Transcranial	Doppler	is	frequently	used	by	neuro-anesthesiologists	for	obtaining	information	about	flow-velocity	in	the	basal	cerebral	vessels.[citation	needed]	Intravascular	ultrasound	image	of	a	coronary	artery	(left),	with	color-coding	on	the	right,	delineating	the	lumen	(yellow),	external	elastic	membrane	(blue)	and	the	atherosclerotic	plaque	burden	(green)	Further	information:	Doppler	ultrasonography	and	Intravascular	ultrasound	In	angiology	or	vascular	medicine,	duplex	ultrasound	(B	Mode	imaging	combined
with	Doppler	flow	measurement)	is	used	to	diagnose	arterial	and	venous	disease.	This	is	particularly	important	in	potential	neurologic	problems,	where	carotid	ultrasound	is	commonly	used	for	assessing	blood	flow	and	potential	or	suspected	stenosis	in	the	carotid	arteries,	while	transcranial	Doppler	is	used	for	imaging	flow	in	the	intracerebral	arteries.[citation	needed]	Intravascular	ultrasound	(IVUS)	uses	a	specially	designed	catheter	with	a	miniaturized	ultrasound	probe	attached	to	its	distal	end,	which	is	then	threaded	inside	a	blood	vessel.	The	proximal	end
of	the	catheter	is	attached	to	computerized	ultrasound	equipment	and	allows	the	application	of	ultrasound	technology,	such	as	a	piezoelectric	transducer	or	capacitive	micromachined	ultrasonic	transducer,	to	visualize	the	endothelium	of	blood	vessels	in	living	individuals.[11]	In	the	case	of	the	common	and	potentially,	serious	problem	of	blood	clots	in	the	deep	veins	of	the	leg,	ultrasound	plays	a	key	diagnostic	role,	while	ultrasonography	of	chronic	venous	insufficiency	of	the	legs	focuses	on	more	superficial	veins	to	assist	with	planning	of	suitable	interventions
to	relieve	symptoms	or	improve	cosmetics.[citation	needed]	Main	article:	Echocardiography	Ultrasound	of	human	heart	showing	the	four	chambers	and	mitral	and	tricuspid	valves	Echocardiography	is	an	essential	tool	in	cardiology,	assisting	in	evaluation	of	heart	valve	function,	such	as	stenosis	or	insufficiency,	strength	of	cardiac	muscle	contraction,	and	hypertrophy	or	dilatation	of	the	main	chambers.	(ventricle	and	atrium)[citation	needed]	Main	article:	Emergency	ultrasound	Point	of	care	ultrasound	has	many	applications	in	emergency	medicine.[12]	These
include	differentiating	cardiac	from	pulmonary	causes	of	acute	breathlessness,	and	the	Focused	Assessment	with	Sonography	for	Trauma	(FAST)	exam,	extended	to	include	assessment	for	significant	hemoperitoneum	or	pericardial	tamponade	after	trauma	(EFAST).	Other	uses	include	assisting	with	differentiating	causes	of	abdominal	pain	such	as	gallstones	and	kidney	stones.	Emergency	Medicine	Residency	Programs	have	a	substantial	history	of	promoting	the	use	of	bedside	ultrasound	during	physician	training.[citation	needed]	Further	information:
Abdominal	ultrasonography	and	Endoanal	ultrasound	Both	abdominal	and	endoanal	ultrasound	are	frequently	used	in	gastroenterology	and	colorectal	surgery.	In	abdominal	sonography,	the	major	organs	of	the	abdomen	such	as	the	pancreas,	aorta,	inferior	vena	cava,	liver,	gall	bladder,	bile	ducts,	kidneys,	and	spleen	may	be	imaged.	However,	sound	waves	may	be	blocked	by	gas	in	the	bowel	and	attenuated	to	differing	degrees	by	fat,	sometimes	limiting	diagnostic	capabilities.	The	appendix	can	sometimes	be	seen	when	inflamed	(e.g.:	appendicitis)	and
ultrasound	is	the	initial	imaging	choice,	avoiding	radiation	if	possible,	although	it	frequently	needs	to	be	followed	by	other	imaging	methods	such	as	CT.	Endoanal	ultrasound	is	used	particularly	in	the	investigation	of	anorectal	symptoms	such	as	fecal	incontinence	or	obstructed	defecation.[citation	needed]	It	images	the	immediate	perianal	anatomy	and	is	able	to	detect	occult	defects	such	as	tearing	of	the	anal	sphincter.	Ultrasonography	of	liver	tumors	allows	for	both	detection	and	characterization.[13]	Ultrasound	imaging	studies	are	often	obtained	during	the
evaluation	process	of	Fatty	liver	disease.	Ultrasonography	reveals	a	"bright"	liver	with	increased	echogenicity.	Pocket-sized	ultrasound	devices	might	be	used	as	point-of-care	screening	tools	to	diagnose	liver	steatosis.[14][15]	Main	articles:	Gynecologic	ultrasonography	and	Obstetric	ultrasonography	Orthogonal	planes	of	a	three-dimensional	sonographic	volume	with	transverse	and	coronal	measurements	for	estimating	fetal	cranial	volume[16][17]	Gynecologic	ultrasonography	examines	female	pelvic	organs	(specifically	the	uterus,	ovaries,	and	fallopian	tubes)
as	well	as	the	bladder,	adnexa,	and	pouch	of	Douglas.	It	uses	transducers	designed	for	approaches	through	the	lower	abdominal	wall,	curvilinear	and	sector,	and	specialty	transducers	such	as	transvaginal	ultrasound.[18]	Obstetrical	sonography	was	originally	developed	in	the	late	1950s	and	1960s	by	Sir	Ian	Donald[19][20]	and	is	commonly	used	during	pregnancy	to	check	the	development	and	presentation	of	the	fetus.	It	can	be	used	to	identify	many	conditions	that	could	be	potentially	harmful	to	the	mother	and/or	baby	possibly	remaining	undiagnosed	or	with
delayed	diagnosis	in	the	absence	of	sonography.	It	is	currently	believed	that	the	risk	of	delayed	diagnosis	is	greater	than	the	small	risk,	if	any,	associated	with	undergoing	an	ultrasound	scan.	However,	its	use	for	non-medical	purposes	such	as	fetal	"keepsake"	videos	and	photos	is	discouraged.[21]	Obstetric	ultrasound	is	primarily	used	to:[citation	needed]	Date	the	pregnancy	(gestational	age)	Confirm	fetal	viability	Determine	location	of	fetus,	intrauterine	vs	ectopic	Check	the	location	of	the	placenta	in	relation	to	the	cervix	Check	for	the	number	of	fetuses
(multiple	pregnancy)	Check	for	major	physical	abnormalities.	Assess	fetal	growth	(for	evidence	of	intrauterine	growth	restriction	(IUGR))	Check	for	fetal	movement	and	heartbeat.	Determine	the	sex	of	the	baby	According	to	the	European	Committee	of	Medical	Ultrasound	Safety	(ECMUS)[22]	Ultrasonic	examinations	should	only	be	performed	by	competent	personnel	who	are	trained	and	updated	in	safety	matters.	Ultrasound	produces	heating,	pressure	changes	and	mechanical	disturbances	in	tissue.	Diagnostic	levels	of	ultrasound	can	produce	temperature
rises	that	are	hazardous	to	sensitive	organs	and	the	embryo/fetus.	Biological	effects	of	non-thermal	origin	have	been	reported	in	animals	but,	to	date,	no	such	effects	have	been	demonstrated	in	humans,	except	when	a	micro-bubble	contrast	agent	is	present.Nonetheless,	care	should	be	taken	to	use	low	power	settings	and	avoid	pulsed	wave	scanning	of	the	fetal	brain	unless	specifically	indicated	in	high	risk	pregnancies.[citation	needed]	Figures	released	for	the	period	2005–2006	by	the	UK	Government	(Department	of	Health)	show	that	non-obstetric	ultrasound
examinations	constituted	more	than	65%	of	the	total	number	of	ultrasound	scans	conducted.	Blood	velocity	can	be	measured	in	various	blood	vessels,	such	as	middle	cerebral	artery	or	descending	aorta,	by	relatively	inexpensive	and	low	risk	ultrasound	Doppler	probes	attached	to	portable	monitors.[23]	These	provide	non-invasive	or	transcutaneous	(non-piercing)	minimal	invasive	blood	flow	assessment.	Common	examples	are	transcranial	Doppler,	esophageal	Doppler	and	suprasternal	Doppler.[citation	needed]	Neck	ultrasound	Most	structures	of	the	neck,
including	the	thyroid	and	parathyroid	glands,[24]	lymph	nodes,	and	salivary	glands,	are	well-visualized	by	high-frequency	ultrasound	with	exceptional	anatomic	detail.	Ultrasound	is	the	preferred	imaging	modality	for	thyroid	tumors	and	lesions,	and	its	use	is	important	in	the	evaluation,	preoperative	planning,	and	postoperative	surveillance	of	patients	with	thyroid	cancer.	Many	other	benign	and	malignant	conditions	in	the	head	and	neck	can	be	differentiated,	evaluated,	and	managed	with	the	help	of	diagnostic	ultrasound	and	ultrasound-guided	procedures.
[citation	needed]	In	neonatology,	transcranial	Doppler	can	be	used	for	basic	assessment	of	intracerebral	structural	abnormalities,	suspected	hemorrhage,	ventriculomegaly	or	hydrocephalus	and	anoxic	insults	(periventricular	leukomalacia).	It	can	be	performed	through	the	soft	spots	in	the	skull	of	a	newborn	infant	(Fontanelle)	until	these	completely	close	at	about	1	year	of	age	by	which	time	they	have	formed	a	virtually	impenetrable	acoustic	barrier	to	ultrasound.[25]	The	most	common	site	for	cranial	ultrasound	is	the	anterior	fontanelle.	The	smaller	the
fontanelle,	the	more	the	image	is	compromised.[citation	needed]	Lung	ultrasound	has	been	found	to	be	useful	in	diagnosing	common	neonatal	respiratory	diseases	such	as	transient	tachypnea	of	the	newborn,	respiratory	distress	syndrome,	congenital	pneumonia,	meconium	aspiration	syndrome,	and	pneumothorax.[26]	A	neonatal	lung	ultrasound	score,	first	described	by	Brat	et	al.,	has	been	found	to	highly	correlate	with	oxygenation	in	the	newborn.[27][28]	In	ophthalmology	and	optometry,	there	are	two	major	forms	of	eye	exam	using	ultrasound:	A-scan
ultrasound	biometry,	is	commonly	referred	to	as	an	A-scan	(amplitude	scan).	A-mode	provides	data	on	the	length	of	the	eye,	which	is	a	major	determinant	in	common	sight	disorders,	especially	for	determining	the	power	of	an	intraocular	lens	after	cataract	extraction.[citation	needed]	B-scan	ultrasonography,	or	B-scan-Brightness	scan,	is	a	B-mode	scan	that	produces	a	cross-sectional	view	of	the	eye	and	the	orbit.	It	is	an	essential	tool	in	ophthalmology	for	diagnosing	and	managing	a	wide	array	of	conditions	affecting	the	posterior	segment	of	the	eye.It	is	non
invasive	and	uses	frequency	10–15	MHz.	It	is	often	used	in	conjunction	with	other	imaging	techniques	(like	OCT	or	fluorescein	angiography)	for	a	more	comprehensive	evaluation	of	ocular	conditions.	Ultrasound	is	used	to	assess	the	lungs	in	a	variety	of	settings	including	critical	care,	emergency	medicine,	trauma	surgery,	as	well	as	general	medicine.	This	imaging	modality	is	used	at	the	bedside	or	examination	table	to	evaluate	a	number	of	different	lung	abnormalities	as	well	as	to	guide	procedures	such	as	thoracentesis,	(drainage	of	pleural	fluid	(effusion)),
needle	aspiration	biopsy,	and	catheter	placement.[29]	Although	air	present	in	the	lungs	does	not	allow	good	penetration	of	ultrasound	waves,	interpretation	of	specific	artifacts	created	on	the	lung	surface	can	be	used	to	detect	abnormalities.[30]	The	Normal	Lung	Surface:	The	lung	surface	is	composed	of	visceral	and	parietal	pleura.	These	two	surfaces	are	typically	pushed	together	and	make	up	the	pleural	line,	which	is	the	basis	of	lung	(or	pleural)	ultrasound.	This	line	is	visible	less	than	a	centimeter	below	the	rib	line	in	most	adults.	On	ultrasound,	it	is
visualized	as	a	hyperechoic	(bright	white)	horizontal	line	if	the	ultrasound	probe	is	applied	perpendicularly	to	the	skin.	Artifacts:	Lung	ultrasound	relies	on	artifacts,	which	would	otherwise	be	considered	a	hindrance	in	imaging.	Air	blocks	the	ultrasound	beam	and	thus	visualizing	healthy	lung	tissue	itself	with	this	mode	of	imaging	is	not	practical.	Consequently,	physicians	and	sonographers	have	learned	to	recognize	patterns	that	ultrasound	beams	create	when	imaging	healthy	versus	diseased	lung	tissue.	Three	commonly	seen	and	utilized	artifacts	in	lung
ultrasound	include	lung	sliding,	A-lines,	and	B-lines.[31]	§		Lung	Sliding:	The	presence	of	lung	sliding,	which	indicates	the	shimmering	of	the	pleural	line	that	occurs	with	movement	of	the	visceral	and	parietal	pleura	against	one	another	with	respiration	(sometimes	described	as	'ants	marching'),	is	the	most	important	finding	in	normal	aerated	lung.[32]	Lung	sliding	indicates	both	that	the	lung	is	present	at	the	chest	wall	and	that	the	lung	is	functioning.[31]	§		A-lines:	When	the	ultrasound	beam	makes	contact	with	the	pleural	line,	it	is	reflected	back	creating	a
bright	white	horizontal	line.	The	subsequent	reverberation	artifacts	that	appear	as	equally	spaced	horizontal	lines	deep	to	the	pleura	are	A-lines.	Ultimately,	A-lines	are	a	reflection	of	the	ultrasound	beam	from	the	pleura	with	the	space	between	A-lines	corresponding	to	the	distance	between	the	parietal	pleura	and	the	skin	surface.[31]	A-lines	indicate	the	presence	of	air,	which	means	that	these	artifacts	can	be	present	in	normal	healthy	lung	(and	also	in	patients	with	pneumothorax).[32]	§		B-lines:	B-lines	are	also	reverberation	artifacts.	They	are	visualized	as
hyperechoic	vertical	lines	extending	from	the	pleura	to	the	edge	of	the	ultrasound	screen.	These	lines	are	sharply	defined	and	laser-like	and	typically	do	not	fade	as	they	progress	down	the	screen.[31]	A	few	B-lines	that	move	along	with	the	sliding	pleura	can	be	seen	in	normal	lung	due	to	acoustic	impedance	differences	between	water	and	air.	However,	excessive	B-lines	(three	or	more)	are	abnormal	and	are	typically	indicative	of	underlying	lung	pathology.[32]	Pulmonary	edema:	Lung	ultrasound	has	been	shown	to	be	very	sensitive	for	the	detection	of
pulmonary	edema.	It	allows	for	improvement	in	diagnosis	and	management	of	critically	ill	patients,	particularly	when	used	in	combination	with	echocardiography.	The	sonographic	feature	that	is	present	in	pulmonary	edema	is	multiple	B-lines.	B-lines	can	occur	in	a	healthy	lung;	however,	the	presence	of	3	or	more	in	the	anterior	or	lateral	lung	regions	is	always	abnormal.	In	pulmonary	edema,	B-lines	indicate	an	increase	in	the	amount	of	water	contained	in	the	lungs	outside	of	the	pulmonary	vasculature.	B-lines	can	also	be	present	in	a	number	of	other
conditions	including	pneumonia,	pulmonary	contusion,	and	lung	infarction.[33]	Additionally,	it	is	important	to	note	that	there	are	multiple	types	of	interactions	between	the	pleural	surface	and	the	ultrasound	wave	that	can	generate	artifacts	with	some	similarity	to	B-lines	but	which	do	not	have	pathologic	significance.[34]	Pneumothorax:	In	clinical	settings	when	pneumothorax	is	suspected,	lung	ultrasound	can	aid	in	diagnosis.[35]	In	pneumothorax,	air	is	present	between	the	two	layers	of	the	pleura	and	lung	sliding	on	ultrasound	is	therefore	absent.	The
negative	predictive	value	for	lung	sliding	on	ultrasound	is	reported	as	99.2–100%	–	briefly,	if	lung	sliding	is	present,	a	pneumothorax	is	effectively	ruled	out.[32]	The	absence	of	lung	sliding,	however,	is	not	necessarily	specific	for	pneumothorax	as	there	are	other	conditions	that	also	cause	this	finding	including	acute	respiratory	distress	syndrome,	lung	consolidations,	pleural	adhesions,	and	pulmonary	fibrosis.[32]	Pleural	effusion:	Lung	ultrasound	is	a	cost-effective,	safe,	and	non-invasive	imaging	method	that	can	aid	in	the	prompt	visualization	and	diagnosis	of
pleural	effusions.	Effusions	can	be	diagnosed	by	a	combination	of	physical	exam,	percussion,	and	auscultation	of	the	chest.	However,	these	exam	techniques	can	be	complicated	by	a	variety	of	factors	including	the	presence	of	mechanical	ventilation,	obesity,	or	patient	positioning,	all	of	which	reduce	the	sensitivity	of	the	physical	exam.	Consequently,	lung	ultrasound	can	be	an	additional	tool	to	augment	plain	chest	Xray	and	chest	CT.[36]	Pleural	effusions	on	ultrasound	appear	as	structural	images	within	the	thorax	rather	than	an	artifact.	They	will	typically	have
four	distinct	borders	including	the	pleural	line,	two	rib	shadows,	and	a	deep	border.[31]	In	critically	ill	patients	with	pleural	effusion,	ultrasound	may	guide	procedures	including	needle	insertion,	thoracentesis,	and	chest-tube	insertion.[36]	Lung	cancer	staging:	In	pulmonology,	endobronchial	ultrasound	(EBUS)	probes	are	applied	to	standard	flexible	endoscopic	probes	and	used	by	pulmonologists	to	allow	for	direct	visualization	of	endobronchial	lesions	and	lymph	nodes	prior	to	transbronchial	needle	aspiration.	Among	its	many	uses,	EBUS	aids	in	lung	cancer
staging	by	allowing	for	lymph	node	sampling	without	the	need	for	major	surgery.[37]	COVID-19:	Lung	ultrasound	has	proved	useful	in	the	diagnosis	of	COVID-19	especially	in	cases	where	other	investigations	are	not	available.[38][39][40]	Main	article:	Urinary	tract	ultrasound	Urinary	bladder	(black	butterfly-like	shape)	and	hyperplastic	prostate	(BPH)	visualized	by	medical	sonographic	technique	Ultrasound	is	routinely	used	in	urology	to	determine	the	amount	of	fluid	retained	in	a	patient's	bladder.	In	a	pelvic	sonogram,	images	include	the	uterus	and	ovaries
or	urinary	bladder	in	females.	In	males,	a	sonogram	will	provide	information	about	the	bladder,	prostate,	or	testicles	(for	example	to	urgently	distinguish	epididymitis	from	testicular	torsion).	In	young	males,	it	is	used	to	distinguish	more	benign	testicular	masses	(varicocele	or	hydrocele)	from	testicular	cancer,	which	is	curable	but	must	be	treated	to	preserve	health	and	fertility.	There	are	two	methods	of	performing	pelvic	sonography	–	externally	or	internally.	The	internal	pelvic	sonogram	is	performed	either	transvaginally	(in	a	woman)	or	transrectally	(in	a
man).	Sonographic	imaging	of	the	pelvic	floor	can	produce	important	diagnostic	information	regarding	the	precise	relationship	of	abnormal	structures	with	other	pelvic	organs	and	it	represents	a	useful	hint	to	treat	patients	with	symptoms	related	to	pelvic	prolapse,	double	incontinence	and	obstructed	defecation.[citation	needed]	It	is	also	used	to	diagnose	and,	at	higher	frequencies,	to	treat	(break	up)	kidney	stones	or	kidney	crystals	(nephrolithiasis).[41]	Main	articles:	Scrotal	ultrasound	and	Penile	ultrasonography	Scrotal	ultrasonography	is	used	in	the
evaluation	of	testicular	pain,	and	can	help	identify	solid	masses.[42]	Ultrasound	is	an	excellent	method	for	the	study	of	the	penis,	such	as	indicated	in	trauma,	priapism,	erectile	dysfunction	or	suspected	Peyronie's	disease.[43]	Musculoskeletal	ultrasound	is	used	to	examine	tendons,	muscles,	nerves,	ligaments,	soft	tissue	masses,	and	bone	surfaces.[44]	It	is	helpful	in	diagnosing	ligament	sprains,	muscles	strains	and	joint	pathology.	It	is	an	alternative	or	supplement	to	x-ray	imaging	in	detecting	fractures	of	the	wrist,	elbow	and	shoulder	for	patients	up	to	12
years[45]	(Fracture	sonography).	Quantitative	ultrasound	is	an	adjunct	musculoskeletal	test	for	myopathic	disease	in	children;[46][47]	estimates	of	lean	body	mass	in	adults;[48]	proxy	measures	of	muscle	quality	(i.e.,	tissue	composition)[49]	in	older	adults	with	sarcopenia[50][51]	Ultrasound	can	also	be	used	for	needle	guidance	in	muscle	or	joint	injections,	as	in	ultrasound-guided	hip	joint	injection.[citation	needed]	Main	article:	Renal	ultrasonography	In	nephrology,	ultrasonography	of	the	kidneys	is	essential	in	the	diagnosis	and	management	of	kidney-related
diseases.	The	kidneys	are	easily	examined,	and	most	pathological	changes	are	distinguishable	with	ultrasound.	It	is	an	accessible,	versatile,	relatively	economic,	and	fast	aid	for	decision-making	in	patients	with	renal	symptoms	and	for	guidance	in	renal	intervention.[52]	Using	B-mode	imaging,	assessment	of	renal	anatomy	is	easily	performed,	and	US	is	often	used	as	image	guidance	for	renal	interventions.	Furthermore,	novel	applications	in	renal	US	have	been	introduced	with	contrast-enhanced	ultrasound	(CEUS),	elastography	and	fusion	imaging.	However,
renal	US	has	certain	limitations,	and	other	modalities,	such	as	CT	(CECT)	and	MRI,	should	be	considered	for	supplementary	imaging	in	assessing	renal	disease.[52]	Intravenous	access,	for	the	collection	of	blood	samples	to	assist	in	diagnosis	or	laboratory	investigation	including	blood	culture,	or	for	administration	of	intravenous	fluids	for	fluid	maintenance	of	replacement	or	blood	transfusion	in	sicker	patients,	is	a	common	medical	procedure.	The	need	for	intravenous	access	occurs	in	the	outpatient	laboratory,	in	the	inpatient	hospital	units,	and	most	critically
in	the	Emergency	Room	and	Intensive	Care	Unit.	In	many	situations,	intravenous	access	may	be	required	repeatedly	or	over	a	significant	time	period.	In	these	latter	circumstances,	a	needle	with	an	overlying	catheter	is	introduced	into	the	vein	and	the	catheter	is	then	inserted	securely	into	the	vein	while	the	needle	is	withdrawn.	The	chosen	veins	are	most	frequently	selected	from	the	arm,	but	in	challenging	situations,	a	deeper	vein	from	the	neck	(external	jugular	vein)	or	upper	arm	(subclavian	vein)	may	need	to	be	used.	There	are	many	reasons	why	the
selection	of	a	suitable	vein	may	be	problematic.	These	include,	but	are	not	limited	to,	obesity,	previous	injury	to	veins	from	inflammatory	reaction	to	previous	'blood	draws',	previous	injury	to	veins	from	recreational	drug	use.[citation	needed]	In	these	challenging	situations,	the	insertion	of	a	catheter	into	a	vein	has	been	greatly	assisted	by	the	use	of	ultrasound.	The	ultrasound	unit	may	be	'cart-based'	or	'handheld'	using	a	linear	transducer	with	a	frequency	of	10	to	15	megahertz.	In	most	circumstances,	choice	of	vein	will	be	limited	by	the	requirement	that	the
vein	is	within	1.5	cms.	from	the	skin	surface.	The	transducer	may	be	placed	longitudinally	or	transversely	over	the	chosen	vein.	Ultrasound	training	for	intravenous	cannulation	is	offered	in	most	ultrasound	training	programs.[citation	needed]	The	creation	of	an	image	from	sound	has	three	steps	–	transmitting	a	sound	wave,	receiving	echoes,	and	interpreting	those	echoes.	A	modern	medical	ultrasound	scanner	A	sound	wave	is	typically	produced	by	a	piezoelectric	transducer	encased	in	a	plastic	housing.	Strong,	short	electrical	pulses	from	the	ultrasound
machine	drive	the	transducer	at	the	desired	frequency.	The	frequencies	can	vary	between	1	and	18	MHz,	though	frequencies	up	to	50–100	megahertz	have	been	used	experimentally	in	a	technique	known	as	biomicroscopy	in	special	regions,	such	as	the	anterior	chamber	of	the	eye.[53]	Older	technology	transducers	focused	their	beam	with	physical	lenses.[citation	needed]	Contemporary	technology	transducers	use	digital	antenna	array	techniques	(piezoelectric	elements	in	the	transducer	produce	echoes	at	different	times)	to	enable	the	ultrasound	machine	to
change	the	direction	and	depth	of	focus.	Near	the	transducer,	the	width	of	the	ultrasound	beam	almost	equals	to	the	width	of	the	transducer,	after	reaching	a	distance	from	the	transducer	(near	zone	length	or	Fresnel	zone),	the	beam	width	narrows	to	half	of	the	transducer	width,	and	after	that	the	width	increases	(far	zone	length	or	Fraunhofer's	zone),	where	the	lateral	resolution	decreases.	Therefore,	the	wider	the	transducer	width	and	the	higher	the	frequency	of	ultrasound,	the	longer	the	Fresnel	zone,	and	the	lateral	resolution	can	be	maintained	at	a
greater	depth	from	the	transducer.[54]	Ultrasound	waves	travel	in	pulses.	Therefore,	a	shorter	pulse	length	requires	higher	bandwidth	(greater	number	of	frequencies)	to	constitute	the	ultrasound	pulse.[6]	As	stated,	the	sound	is	focused	either	by	the	shape	of	the	transducer,	a	lens	in	front	of	the	transducer,	or	a	complex	set	of	control	pulses	from	the	ultrasound	scanner,	in	the	beamforming	or	spatial	filtering	technique.	This	focusing	produces	an	arc-shaped	sound	wave	from	the	face	of	the	transducer.	The	wave	travels	into	the	body	and	comes	into	focus	at	a
desired	depth.	Materials	on	the	face	of	the	transducer	enable	the	sound	to	be	transmitted	efficiently	into	the	body	(often	a	rubbery	coating,	a	form	of	impedance	matching).[55]	In	addition,	a	water-based	gel	is	placed	between	the	patient's	skin	and	the	probe	to	facilitate	ultrasound	transmission	into	the	body.	This	is	because	air	causes	total	reflection	of	ultrasound;	impeding	the	transmission	of	ultrasound	into	the	body.[56]	The	sound	wave	is	partially	reflected	from	the	layers	between	different	tissues	or	scattered	from	smaller	structures.	Specifically,	sound	is
reflected	anywhere	where	there	are	acoustic	impedance	changes	in	the	body:	e.g.	blood	cells	in	blood	plasma,	small	structures	in	organs,	etc.	Some	of	the	reflections	return	to	the	transducer.[55]	The	return	of	the	sound	wave	to	the	transducer	results	in	the	same	process	as	sending	the	sound	wave,	in	reverse.	The	returned	sound	wave	vibrates	the	transducer	and	the	transducer	turns	the	vibrations	into	electrical	pulses	that	travel	to	the	ultrasonic	scanner	where	they	are	processed	and	transformed	into	a	digital	image.[57]	To	make	an	image,	the	ultrasound
scanner	must	determine	two	characteristics	from	each	received	echo:	How	long	it	took	the	echo	to	be	received	from	when	the	sound	was	transmitted.	(Time	and	distance	are	equivalent.)	How	strong	the	echo	was.	Once	the	ultrasonic	scanner	determines	these	two,	it	can	locate	which	pixel	in	the	image	to	illuminate	and	with	what	intensity.	Transforming	the	received	signal	into	a	digital	image	may	be	explained	by	using	a	blank	spreadsheet	as	an	analogy.	First	picture	a	long,	flat	transducer	at	the	top	of	the	sheet.	Send	pulses	down	the	'columns'	of	the
spreadsheet	(A,	B,	C,	etc.).	Listen	at	each	column	for	any	return	echoes.	When	an	echo	is	heard,	note	how	long	it	took	for	the	echo	to	return.	The	longer	the	wait,	the	deeper	the	row	(1,2,3,	etc.).	The	strength	of	the	echo	determines	the	brightness	setting	for	that	cell	(white	for	a	strong	echo,	black	for	a	weak	echo,	and	varying	shades	of	grey	for	everything	in	between.)	When	all	the	echoes	are	recorded	on	the	sheet,	a	greyscale	image	has	been	accomplished.	In	modern	ultrasound	systems,	images	are	derived	from	the	combined	reception	of	echoes	by	multiple
elements,	rather	than	a	single	one.	These	elements	in	the	transducer	array	work	together	to	receive	signals,	a	process	essential	for	optimizing	the	ultrasonic	beam's	focus	and	producing	detailed	images.	One	predominant	method	for	this	is	"delay-and-sum"	beamforming.	The	time	delay	applied	to	each	element	is	calculated	based	on	the	geometrical	relationship	between	the	imaging	point,	the	transducer,	and	receiver	positions.	By	integrating	these	time-adjusted	signals,	the	system	pinpoints	focus	onto	specific	tissue	regions,	enhancing	image	resolution	and
clarity.	The	utilization	of	multiple	element	reception	combined	with	the	delay-and-sum	principles	underpins	the	high-quality	images	characteristic	of	contemporary	ultrasound	scans.[58]	Images	from	the	ultrasound	scanner	are	transferred	and	displayed	using	the	DICOM	standard.	Normally,	very	little	post	processing	is	applied.[citation	needed]	Curvilinear	array	transducer	Ultrasonography	(sonography)	uses	a	probe	containing	multiple	acoustic	transducers	to	send	pulses	of	sound	into	a	material.	Whenever	a	sound	wave	encounters	a	material	with	a	different
density	(acoustical	impedance),	some	of	the	sound	wave	is	scattered	but	part	is	reflected	back	to	the	probe	and	is	detected	as	an	echo.	The	time	it	takes	for	the	echo	to	travel	back	to	the	probe	is	measured	and	used	to	calculate	the	depth	of	the	tissue	interface	causing	the	echo.	The	greater	the	difference	between	acoustic	impedances,	the	larger	the	echo	is.	If	the	pulse	hits	gases	or	solids,	the	density	difference	is	so	great	that	most	of	the	acoustic	energy	is	reflected	and	it	becomes	impossible	to	progress	further.[citation	needed]	The	frequencies	used	for
medical	imaging	are	generally	in	the	range	of	1	to	18	MHz	Higher	frequencies	have	a	correspondingly	smaller	wavelength,	and	can	be	used	to	make	more	detailed	sonograms.	However,	the	attenuation	of	the	sound	wave	is	increased	at	higher	frequencies,	so	penetration	of	deeper	tissues	necessitates	a	lower	frequency	(3–5	MHz).	Penetrating	deep	into	the	body	with	sonography	is	difficult.	Some	acoustic	energy	is	lost	each	time	an	echo	is	formed,	but	most	of	it	(approximately	0.5	dB	cm	depth	⋅	MHz	{\displaystyle	\textstyle	0.5{\frac	{\mbox{dB}}{{\mbox{cm
depth}}\cdot	{\mbox{MHz}}}}}	)	is	lost	from	acoustic	absorption.	(See	Acoustic	attenuation	for	further	details	on	modeling	of	acoustic	attenuation	and	absorption.)	The	speed	of	sound	varies	as	it	travels	through	different	materials,	and	is	dependent	on	the	acoustical	impedance	of	the	material.	However,	the	sonographic	instrument	assumes	that	the	acoustic	velocity	is	constant	at	1540	m/s.	An	effect	of	this	assumption	is	that	in	a	real	body	with	non-uniform	tissues,	the	beam	becomes	somewhat	de-focused	and	image	resolution	is	reduced.	To	generate	a	2-D
image,	the	ultrasonic	beam	is	swept.	A	transducer	may	be	swept	mechanically	by	rotating	or	swinging	or	a	1-D	phased	array	transducer	may	be	used	to	sweep	the	beam	electronically.	The	received	data	is	processed	and	used	to	construct	the	image.	The	image	is	then	a	2-D	representation	of	the	slice	into	the	body.	3-D	images	can	be	generated	by	acquiring	a	series	of	adjacent	2-D	images.	Commonly	a	specialized	probe	that	mechanically	scans	a	conventional	2-D	image	transducer	is	used.	However,	since	the	mechanical	scanning	is	slow,	it	is	difficult	to	make	3D
images	of	moving	tissues.	Recently,	2-D	phased	array	transducers	that	can	sweep	the	beam	in	3-D	have	been	developed.	These	can	image	faster	and	can	even	be	used	to	make	live	3-D	images	of	a	beating	heart.	Doppler	ultrasonography	is	used	to	study	blood	flow	and	muscle	motion.	The	different	detected	speeds	are	represented	in	color	for	ease	of	interpretation,	for	example	leaky	heart	valves:	the	leak	shows	up	as	a	flash	of	unique	color.	Colors	may	alternatively	be	used	to	represent	the	amplitudes	of	the	received	echoes.	An	additional	expansion	of	ultrasound
is	bi-planar	ultrasound,	in	which	the	probe	has	two	2D	planes	perpendicular	to	each	other,	providing	more	efficient	localization	and	detection.[59]	Furthermore,	an	omniplane	probe	can	rotate	180°	to	obtain	multiple	images.[59]	In	3D	ultrasound,	many	2D	planes	are	digitally	added	together	to	create	a	3-dimensional	image	of	the	object.	Main	article:	Doppler	ultrasonography	Duplex	scan	of	the	common	carotid	artery	Doppler	ultrasonography	employs	the	Doppler	effect	to	assess	whether	structures	(usually	blood)[57][60]	are	moving	towards	or	away	from	the
probe,	and	their	relative	velocity.	By	calculating	the	frequency	shift	of	a	particular	sample	volume,	flow	in	an	artery	or	a	jet	of	blood	flow	over	a	heart	valve,	its	speed	and	direction	can	be	determined	and	visualized,	as	an	example.	Color	Doppler	is	the	measurement	of	velocity	by	color	scale.	Color	Doppler	images	are	generally	combined	with	gray	scale	(B-mode)	images	to	display	duplex	ultrasonography	images.[61]	Uses	include:	Doppler	echocardiography	is	the	use	of	Doppler	ultrasonography	to	examine	the	heart.[62]	An	echocardiogram	can,	within	certain
limits,	produce	accurate	assessment	of	the	direction	of	blood	flow	and	the	velocity	of	blood	and	cardiac	tissue	at	any	arbitrary	point	using	the	Doppler	effect.	Velocity	measurements	allow	assessment	of	cardiac	valve	areas	and	function,	abnormal	communications	between	the	left	and	right	side	of	the	heart,	leaking	of	blood	through	the	valves	(valvular	regurgitation),	and	calculation	of	the	cardiac	output	and	E/A	ratio[63]	(a	measure	of	diastolic	dysfunction).	Contrast-enhanced	ultrasound	using	gas-filled	microbubble	contrast	media	can	be	used	to	improve
velocity	or	other	flow-related	measurements	of	interest.	Transcranial	Doppler	(TCD)	and	transcranial	color	Doppler	(TCCD),	measure	the	velocity	of	blood	flow	through	the	brain's	blood	vessels	through	the	cranium.	They	are	useful	in	the	diagnosis	of	emboli,	stenosis,	vasospasm	from	a	subarachnoid	hemorrhage	(bleeding	from	a	ruptured	aneurysm),	and	other	problems.	Doppler	fetal	monitors	use	the	Doppler	effect	to	detect	the	fetal	heartbeat	during	prenatal	care.	These	are	hand-held,	and	some	models	also	display	the	heart	rate	in	beats	per	minute	(BPM).
Use	of	this	monitor	is	sometimes	known	as	Doppler	auscultation.	The	Doppler	fetal	monitor	is	commonly	referred	to	simply	as	a	Doppler	or	fetal	Doppler	and	provides	information	similar	to	that	provided	by	a	fetal	stethoscope.	Main	article:	Contrast-enhanced	ultrasound	A	contrast	medium	for	medical	ultrasonography	is	a	formulation	of	encapsulated	gaseous	microbubbles[64]	to	increase	echogenicity	of	blood,	discovered	by	Dr.	Raymond	Gramiak	in	1968[65]	and	named	contrast-enhanced	ultrasound.	This	contrast	medical	imaging	modality	is	used	throughout
the	world,[66]	for	echocardiography	in	particular	in	the	United	States	and	for	ultrasound	radiology	in	Europe	and	Asia.	Microbubbles-based	contrast	media	is	administered	intravenously	into	the	patient	blood	stream	during	the	ultrasonography	examination.	Due	to	their	size,	the	microbubbles	remain	confined	in	blood	vessels	without	extravasating	towards	the	interstitial	fluid.	An	ultrasound	contrast	media	is	therefore	purely	intravascular,	making	it	an	ideal	agent	to	image	organ	microvasculature	for	diagnostic	purposes.	A	typical	clinical	use	of	contrast
ultrasonography	is	detection	of	a	hypervascular	metastatic	tumor,	which	exhibits	a	contrast	uptake	(kinetics	of	microbubbles	concentration	in	blood	circulation)	faster	than	healthy	biological	tissue	surrounding	the	tumor.[67]	Other	clinical	applications	using	contrast	exist,	as	in	echocardiography	to	improve	delineation	of	left	ventricle	for	visualizing	contractibility	of	heart	muscle	after	a	myocardial	infarction.	Finally,	applications	in	quantitative	perfusion[68]	(relative	measurement	of	blood	flow[69])	have	emerged	for	identifying	early	patient	response	to	anti-
cancerous	drug	treatment	(methodology	and	clinical	study	by	Dr.	Nathalie	Lassau	in	2011[70]),	enabling	the	best	oncological	therapeutic	options	to	be	determined.[71]	Parametric	imaging	of	vascular	signatures	(diagram)	In	oncological	practice	of	medical	contrast	ultrasonography,	clinicians	use	'parametric	imaging	of	vascular	signatures'[72]	invented	by	Dr.	Nicolas	Rognin	in	2010.[73]	This	method	is	conceived	as	a	cancer	aided	diagnostic	tool,	facilitating	characterization	of	a	suspicious	tumor	(malignant	versus	benign)	in	an	organ.	This	method	is	based	on
medical	computational	science[74][75]	to	analyze	a	time	sequence	of	ultrasound	contrast	images,	a	digital	video	recorded	in	real-time	during	patient	examination.	Two	consecutive	signal	processing	steps	are	applied	to	each	pixel	of	the	tumor:	calculation	of	a	vascular	signature	(contrast	uptake	difference	with	respect	to	healthy	tissue	surrounding	the	tumor);	automatic	classification	of	the	vascular	signature	into	a	unique	parameter,	the	latter	coded	in	one	of	the	four	following	colors:	green	for	continuous	hyper-enhancement	(contrast	uptake	higher	than
healthy	tissue	one),	blue	for	continuous	hypo-enhancement	(contrast	uptake	lower	than	healthy	tissue	one),	red	for	fast	hyper-enhancement	(contrast	uptake	before	healthy	tissue	one)	or	yellow	for	fast	hypo-enhancement	(contrast	uptake	after	healthy	tissue	one).	Once	signal	processing	in	each	pixel	is	completed,	a	color	spatial	map	of	the	parameter	is	displayed	on	a	computer	monitor,	summarizing	all	vascular	information	of	the	tumor	in	a	single	image	called	a	parametric	image	(see	last	figure	of	press	article[76]	as	clinical	examples).	This	parametric	image	is
interpreted	by	clinicians	based	on	predominant	colorization	of	the	tumor:	red	indicates	a	suspicion	of	malignancy	(risk	of	cancer),	green	or	yellow	–	a	high	probability	of	benignity.	In	the	first	case	(suspicion	of	malignant	tumor),	the	clinician	typically	prescribes	a	biopsy	to	confirm	the	diagnostic	or	a	CT	scan	examination	as	a	second	opinion.	In	the	second	case	(quasi-certain	of	benign	tumor),	only	a	follow-up	is	needed	with	a	contrast	ultrasonography	examination	a	few	months	later.	The	main	clinical	benefits	are	to	avoid	a	systemic	biopsy	(with	inherent	risks	of
invasive	procedures)	of	benign	tumors	or	a	CT	scan	examination	exposing	the	patient	to	X-ray	radiation.	The	parametric	imaging	of	vascular	signatures	method	proved	to	be	effective	in	humans	for	characterization	of	tumors	in	the	liver.[77]	In	a	cancer	screening	context,	this	method	might	be	potentially	applicable	to	other	organs	such	as	breast[78]	or	prostate.	The	current	future	of	contrast	ultrasonography	is	in	molecular	imaging	with	potential	clinical	applications	expected	in	cancer	screening	to	detect	malignant	tumors	at	their	earliest	stage	of	appearance.
Molecular	ultrasonography	(or	ultrasound	molecular	imaging)	uses	targeted	microbubbles	originally	designed	by	Dr	Alexander	Klibanov	in	1997;[79][80]	such	targeted	microbubbles	specifically	bind	or	adhere	to	tumoral	microvessels	by	targeting	biomolecular	cancer	expression	(overexpression	of	certain	biomolecules	that	occurs	during	neo-angiogenesis[81][82]	or	inflammation[83]	in	malignant	tumors).	As	a	result,	a	few	minutes	after	their	injection	in	blood	circulation,	the	targeted	microbubbles	accumulate	in	the	malignant	tumor;	facilitating	its	localization
in	a	unique	ultrasound	contrast	image.	In	2013,	the	very	first	exploratory	clinical	trial	in	humans	for	prostate	cancer	was	completed	at	Amsterdam	in	the	Netherlands	by	Dr.	Hessel	Wijkstra.[84]	In	molecular	ultrasonography,	the	technique	of	acoustic	radiation	force	(also	used	for	shear	wave	elastography)	is	applied	in	order	to	literally	push	the	targeted	microbubbles	towards	microvessels	wall;	first	demonstrated	by	Dr.	Paul	Dayton	in	1999.[85]	This	allows	maximization	of	binding	to	the	malignant	tumor;	the	targeted	microbubbles	being	in	more	direct	contact
with	cancerous	biomolecules	expressed	at	the	inner	surface	of	tumoral	microvessels.	At	the	stage	of	scientific	preclinical	research,	the	technique	of	acoustic	radiation	force	was	implemented	as	a	prototype	in	clinical	ultrasound	systems	and	validated	in	vivo	in	2D[86]	and	3D[87][88]	imaging	modes.	Main	article:	Elastography	Ultrasound	is	also	used	for	elastography,	which	is	a	relatively	new	imaging	modality	that	maps	the	elastic	properties	of	soft	tissue.[89][90]	This	modality	emerged	in	the	last	two	decades.	Elastography	is	useful	in	medical	diagnoses	as	it
can	discern	healthy	from	unhealthy	tissue	for	specific	organs/growths.	For	example,	cancerous	tumors	will	often	be	harder	than	the	surrounding	tissue,	and	diseased	livers	are	stiffer	than	healthy	ones.[89][90][91][92]	There	are	many	ultrasound	elastography	techniques.[90]	Interventional	ultrasonography	involves	biopsy,	emptying	fluids,	intrauterine	Blood	transfusion	(Hemolytic	disease	of	the	newborn).	Thyroid	cysts:	High	frequency	thyroid	ultrasound	(HFUS)	can	be	used	to	treat	several	gland	conditions.	The	recurrent	thyroid	cyst	that	was	usually	treated
in	the	past	with	surgery,	can	be	treated	effectively	by	a	new	procedure	called	percutaneous	ethanol	injection,	or	PEI.[93][94]	With	ultrasound	guided	placement	of	a	25	gauge	needle	within	the	cyst,	and	after	evacuation	of	the	cyst	fluid,	about	50%	of	the	cyst	volume	is	injected	back	into	the	cavity,	under	strict	operator	visualization	of	the	needle	tip.	The	procedure	is	80%	successful	in	reducing	the	cyst	to	minute	size.	Metastatic	thyroid	cancer	neck	lymph	nodes:	HFUS	may	also	be	used	to	treat	metastatic	thyroid	cancer	neck	lymph	nodes	that	occur	in	patients
who	either	refuse,	or	are	no	longer	candidates,	for	surgery.	Small	amounts	of	ethanol	are	injected	under	ultrasound	guided	needle	placement.	A	power	doppler	blood	flow	study	is	done	prior	to	injection.	The	blood	flow	can	be	destroyed	and	the	node	rendered	inactive.	Power	doppler	visualized	blood	flow	can	be	eradicated,	and	there	may	be	a	drop	in	the	cancer	blood	marker	test,	thyroglobulin,	TG,	as	the	node	become	non-functional.	Another	interventional	use	for	HFUS	is	to	mark	a	cancer	node	prior	to	surgery	to	help	locate	the	node	cluster	at	the	surgery.	A
minute	amount	of	methylene	dye	is	injected,	under	careful	ultrasound	guided	placement	of	the	needle	on	the	anterior	surface,	but	not	in	the	node.	The	dye	will	be	evident	to	the	thyroid	surgeon	when	opening	the	neck.	A	similar	localization	procedure	with	methylene	blue,	can	be	done	to	locate	parathyroid	adenomas.[95]	Joint	injections	can	be	guided	by	medical	ultrasound,	such	as	in	ultrasound-guided	hip	joint	injections.	Compression	ultrasonography	is	when	the	probe	is	pressed	against	the	skin.	This	can	bring	the	target	structure	closer	to	the	probe,
increasing	spatial	resolution	of	it.	Comparison	of	the	shape	of	the	target	structure	before	and	after	compression	can	aid	in	diagnosis.	It	is	used	in	ultrasonography	of	deep	venous	thrombosis,	wherein	absence	of	vein	compressibility	is	a	strong	indicator	of	thrombosis.[96]	Compression	ultrasonography	has	both	high	sensitivity	and	specificity	for	detecting	proximal	deep	vein	thrombosis	in	symptomatic	patients.	Results	are	not	reliable	when	the	patient	is	asymptomatic,	for	example	in	high	risk	postoperative	orthopedic	patients.[97][98]	A	normal	appendix	without
and	with	compression.	Absence	of	compressibility	indicates	appendicitis.[99]	Compression	is	used	in	this	ultrasonograph	to	get	closer	to	the	abdominal	aorta,	making	the	superior	mesenteric	vein	and	the	inferior	vena	cava	look	rather	flat.	Panoramic	ultrasonography	of	a	proximal	biceps	tendon	rupture.	Top	image	shows	the	contralateral	normal	side,	and	lower	image	shows	a	retracted	muscle,	with	a	hematoma	filling	out	the	proximal	space.	Panoramic	ultrasonography	is	the	digital	stitching	of	multiple	ultrasound	images	into	a	broader	one.[100]	It	can	display
an	entire	abnormality	and	show	its	relationship	to	nearby	structures	on	a	single	image.[100]	Multiparametric	ultrasonography	(mpUSS)	combines	multiple	ultrasound	techniques	to	produce	a	composite	result.	For	example,	one	study	combined	B-mode,	colour	Doppler,	real-time	elastography,	and	contrast-enhanced	ultrasound,	achieving	an	accuracy	similar	to	that	of	multiparametric	MRI.[101]	Speed-of-sound	(SoS)	imaging	aims	to	find	the	spatial	distribution	of	the	SoS	within	the	tissue.	The	idea	is	to	find	relative	delay	measurements	for	different	transmission
events	and	solve	the	limited-angle	tomographic	reconstruction	problem	using	delay	measurements	and	transmission	geometry.	Compared	to	shear-wave	elastography,	SoS	imaging	has	better	ex-vivo	tissue	differentiation[102]	for	benign	and	malignant	tumors.[103][104][105]	As	with	all	imaging	modalities,	ultrasonography	has	positive	and	negative	attributes.	Muscle,	soft	tissue,	and	bone	surfaces	are	imaged	very	well	including	the	delineation	of	interfaces	between	solid	and	fluid-filled	spaces.	"Live"	images	can	be	dynamically	selected,	permitting	diagnosis
and	documentation	often	rapidly.	Live	images	also	permit	ultrasound-guided	biopsies	or	injections,	which	can	be	cumbersome	with	other	imaging	modalities.	Organ	structure	can	be	demonstrated.	There	are	no	known	long-term	side	effects	when	used	according	to	guidelines,	and	discomfort	is	minimal.	Ability	to	image	local	variations	in	the	mechanical	properties	of	soft	tissue.[106]	Equipment	is	widely	available	and	comparatively	flexible.	Small,	easily	carried	scanners	are	available	which	permit	bedside	examinations.	Transducers	have	become	relatively
inexpensive	compared	to	other	modes	of	investigation,	such	as	computed	X-ray	tomography,	DEXA	or	magnetic	resonance	imaging.	Spatial	resolution	is	better	in	high	frequency	ultrasound	transducers	than	most	other	imaging	modalities.	Use	of	an	ultrasound	research	interface	can	offer	a	relatively	inexpensive,	real-time,	and	flexible	method	for	capturing	data	required	for	specific	research	purposes	of	tissue	characterization	and	development	of	new	image	processing	techniques.	Double	aorta	artifact	in	sonography	due	to	difference	in	velocity	of	sound	waves
in	muscle	and	fat	Sonographic	devices	have	trouble	penetrating	bone.	For	example,	sonography	of	the	adult	brain	is	currently	very	limited.	Sonography	performs	very	poorly	when	there	is	gas	between	the	transducer	and	the	organ	of	interest,	due	to	the	extreme	differences	in	acoustic	impedance.	For	example,	overlying	gas	in	the	gastrointestinal	tract	often	makes	ultrasound	scanning	of	the	pancreas	difficult.	Lung	imaging	however	can	be	useful	in	demarcating	pleural	effusions,	detecting	heart	failure	and	pneumonia.[107]	Even	in	the	absence	of	bone	or	air,
the	depth	penetration	of	ultrasound	may	be	limited	depending	on	the	frequency	of	imaging.	Consequently,	there	might	be	difficulties	imaging	structures	deep	in	the	body,	especially	in	obese	patients.	Image	quality	and	accuracy	of	diagnosis	is	limited	with	obese	patients	and	overlying	subcutaneous	fat	attenuates	the	sound	beam.	A	lower	frequency	transducer	is	required	with	subsequent	lower	resolution.	The	method	is	operator-dependent.	Skill	and	experience	is	needed	to	acquire	good-quality	images	and	make	accurate	diagnoses.	There	is	no	scout	image	as
there	is	with	CT	and	MRI.	Once	an	image	has	been	acquired	there	is	no	exact	way	to	tell	which	part	of	the	body	was	imaged.	80%	of	sonographers	experience	Repetitive	Strain	Injuries	(RSI)	or	so-called	Work-Related	Musculoskeletal	Disorders	(WMSD)	because	of	bad	ergonomic	positions.	Ultrasonography	is	generally	considered	safe	imaging,[108]	with	the	World	Health	Organizations	stating:[109]	"Diagnostic	ultrasound	is	recognized	as	a	safe,	effective,	and	highly	flexible	imaging	modality	capable	of	providing	clinically	relevant	information	about	most	parts
of	the	body	in	a	rapid	and	cost-effective	fashion".	Diagnostic	ultrasound	studies	of	the	fetus	are	generally	considered	to	be	safe	during	pregnancy.	However,	this	diagnostic	procedure	should	be	performed	only	when	there	is	a	valid	medical	indication,	and	the	lowest	possible	ultrasonic	exposure	setting	should	be	used	to	gain	the	necessary	diagnostic	information	under	the	"as	low	as	reasonably	practicable"	or	ALARP	principle.[110]	Although	there	is	no	evidence	that	ultrasound	could	be	harmful	to	the	fetus,	medical	authorities	typically	strongly	discourage	the
promotion,	selling,	or	leasing	of	ultrasound	equipment	for	making	"keepsake	fetal	videos".[21][111]	A	meta-analysis	of	several	ultrasonography	studies	published	in	2000	found	no	statistically	significant	harmful	effects	from	ultrasonography.	It	was	noted	that	there	is	a	lack	of	data	on	long-term	substantive	outcomes	such	as	neurodevelopment.[112]	A	study	at	the	Yale	School	of	Medicine	published	in	2006	found	a	small	but	significant	correlation	between	prolonged	and	frequent	use	of	ultrasound	and	abnormal	neuronal	migration	in	mice.[113]	A	study
performed	in	Sweden	in	2001[114]	has	shown	that	subtle	effects	of	neurological	damage	linked	to	ultrasound	were	implicated	by	an	increased	incidence	in	left-handedness	in	boys	(a	marker	for	brain	problems	when	not	hereditary)	and	speech	delays.[115][116]	The	above	findings,	however,	were	not	confirmed	in	a	follow-up	study.[117]	A	later	study,	however,	performed	on	a	larger	sample	of	8865	children,	has	established	a	statistically	significant,	albeit	weak	association	of	ultrasonography	exposure	and	being	non-right	handed	later	in	life.[118]	Diagnostic	and
therapeutic	ultrasound	equipment	is	regulated	in	the	US	by	the	Food	and	Drug	Administration,	and	worldwide	by	other	national	regulatory	agencies.	The	FDA	limits	acoustic	output	using	several	metrics;	generally,	other	agencies	accept	the	FDA-established	guidelines.	Currently,	New	Mexico,	Oregon,	and	North	Dakota	are	the	only	US	states	that	regulate	diagnostic	medical	sonographers.[119]	Certification	examinations	for	sonographers	are	available	in	the	US	from	three	organizations:	the	American	Registry	for	Diagnostic	Medical	Sonography,
Cardiovascular	Credentialing	International	and	the	American	Registry	of	Radiologic	Technologists.[120]	The	primary	regulated	metrics	are	Mechanical	Index	(MI),	a	metric	associated	with	the	cavitation	bio-effect,	and	Thermal	Index	(TI)	a	metric	associated	with	the	tissue	heating	bio-effect.	The	FDA	requires	that	the	machine	not	exceed	established	limits,	which	are	reasonably	conservative	in	an	effort	to	maintain	diagnostic	ultrasound	as	a	safe	imaging	modality.	This	requires	self-regulation	on	the	part	of	the	manufacturer	in	terms	of	machine	calibration.[121]
Ultrasound-based	pre-natal	care	and	sex	screening	technologies	were	launched	in	India	in	the	1980s.	With	concerns	about	its	misuse	for	sex-selective	abortion,	the	Government	of	India	passed	the	Pre-natal	Diagnostic	Techniques	Act	(PNDT)	in	1994	to	distinguish	and	regulate	legal	and	illegal	uses	of	ultrasound	equipment.[122]	The	law	was	further	amended	as	the	Pre-Conception	and	Pre-natal	Diagnostic	Techniques	(Regulation	and	Prevention	of	Misuse)	(PCPNDT)	Act	in	2004	to	deter	and	punish	prenatal	sex	screening	and	sex	selective	abortion.[123]	It	is
currently	illegal	and	a	punishable	crime	in	India	to	determine	or	disclose	the	sex	of	a	fetus	using	ultrasound	equipment.[124]	Ultrasound	is	also	a	valuable	tool	in	veterinary	medicine,	offering	the	same	non-invasive	imaging	that	helps	in	the	diagnosis	and	monitoring	of	conditions	in	animals.	After	the	French	physicist	Pierre	Curie's	discovery	of	piezoelectricity	in	1880,	ultrasonic	waves	could	be	deliberately	generated	for	industry.	In	1940,	the	American	acoustical	physicist	Floyd	Firestone	devised	the	first	ultrasonic	echo	imaging	device,	the	Supersonic
Reflectoscope,	to	detect	internal	flaws	in	metal	castings.	In	1941,	Austrian	neurologist	Karl	Theo	Dussik,	in	collaboration	with	his	brother,	Friedrich,	a	physicist,	was	likely	the	first	person	to	image	the	human	body	ultrasonically,	outlining	the	ventricles	of	a	human	brain.[125][126]	Ultrasonic	energy	was	first	applied	to	the	human	body	for	medical	purposes	by	Dr	George	Ludwig	at	the	Naval	Medical	Research	Institute,	Bethesda,	Maryland,	in	the	late	1940s.[127][128]	English-born	physicist	John	Wild	(1914–2009)	first	used	ultrasound	to	assess	the	thickness	of
bowel	tissue	as	early	as	1949;	he	has	been	described	as	the	"father	of	medical	ultrasound".[129]	Subsequent	advances	took	place	concurrently	in	several	countries	but	it	was	not	until	1961	that	David	Robinson	and	George	Kossoff's	work	at	the	Australian	Department	of	Health	resulted	in	the	first	commercially	practical	water	bath	ultrasonic	scanner.[130]	In	1963	Meyerdirk	&	Wright	launched	production	of	the	first	commercial,	hand-held,	articulated	arm,	compound	contact	B-mode	scanner,	which	made	ultrasound	generally	available	for	medical	use.	Léandre
Pourcelot,	a	researcher	and	teacher	at	INSA	(Institut	National	des	Sciences	Appliquées),	Lyon,	co-published	a	report	in	1965	at	the	Académie	des	sciences,	"Effet	Doppler	et	mesure	du	débit	sanguin"	("Doppler	effect	and	measure	of	the	blood	flow"),	the	basis	of	his	design	of	a	Doppler	flow	meter	in	1967.	Parallel	developments	in	Glasgow,	Scotland	by	Professor	Ian	Donald	and	colleagues	at	the	Glasgow	Royal	Maternity	Hospital	(GRMH)	led	to	the	first	diagnostic	applications	of	the	technique.[131]	Donald	was	an	obstetrician	with	a	self-confessed	"childish
interest	in	machines,	electronic	and	otherwise",	who,	having	treated	the	wife	of	one	of	the	company's	directors,	was	invited	to	visit	the	Research	Department	of	boilermakers	Babcock	&	Wilcox	at	Renfrew.	He	adapted	their	industrial	ultrasound	equipment	to	conduct	experiments	on	various	anatomical	specimens	and	assess	their	ultrasonic	characteristics.	Together	with	the	medical	physicist	Tom	Brown.[132]	and	fellow	obstetrician	John	MacVicar,	Donald	refined	the	equipment	to	enable	differentiation	of	pathology	in	live	volunteer	patients.	These	findings	were
reported	in	The	Lancet	on	7	June	1958[133]	as	"Investigation	of	Abdominal	Masses	by	Pulsed	Ultrasound"	–	possibly	one	of	the	most	important	papers	published	in	the	field	of	diagnostic	medical	imaging.	At	GRMH,	Professor	Donald	and	James	Willocks	then	refined	their	techniques	to	obstetric	applications	including	fetal	head	measurement	to	assess	the	size	and	growth	of	the	fetus.	With	the	opening	of	the	new	Queen	Mother's	Hospital	in	Yorkhill	in	1964,	it	became	possible	to	improve	these	methods	even	further.	Stuart	Campbell's	pioneering	work	on	fetal
cephalometry	led	to	it	acquiring	long-term	status	as	the	definitive	method	of	study	of	foetal	growth.	As	the	technical	quality	of	the	scans	was	further	developed,	it	soon	became	possible	to	study	pregnancy	from	start	to	finish	and	diagnose	its	many	complications	such	as	multiple	pregnancy,	fetal	abnormality	and	placenta	praevia.	Diagnostic	ultrasound	has	since	been	imported	into	practically	every	other	area	of	medicine.	Medical	ultrasonography	was	used	in	1953	at	Lund	University	by	cardiologist	Inge	Edler	and	Gustav	Ludwig	Hertz's	son	Carl	Hellmuth	Hertz,
who	was	then	a	graduate	student	at	the	university's	department	of	nuclear	physics.	Edler	had	asked	Hertz	if	it	was	possible	to	use	radar	to	look	into	the	body,	but	Hertz	said	this	was	impossible.	However,	he	said,	it	might	be	possible	to	use	ultrasonography.	Hertz	was	familiar	with	using	ultrasonic	reflectoscopes	of	the	American	acoustical	physicist	Floyd	Firestone's	invention	for	nondestructive	materials	testing,	and	together	Edler	and	Hertz	developed	the	idea	of	applying	this	methodology	in	medicine.	The	first	successful	measurement	of	heart	activity	was
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