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Clinical Sonography  

Diagnostic, POC, Procedure Guidance 



History/Demographics of Who 
• Geographic differences in  who performs diagnostic 

US in NICU 

– Europe: Peds vs. Rad 

– Institution specific histories 
• specialty that initially picked it up remains in control 

• local specialty staffing and resources differ  

• Changes in equipment 

– Machines have become smaller and portable 

– Image quality has improved 

– Cost has dramatically declined making inexpensive units 
available 

• Residency/Fellowship training 

 Seminars in Fetal & Neonatal Medicine 16 (2011) 61e68 







Sonography in the NICU 
International  

• In many countries, the limiting steps are: 

– Access to equipment 

– Access to a physician 

– Access to a Radiologist 

• There are many scenarios under which 
sonography is performed, e.g. 

– Neonatologists have always done HUS 

– Machine stationed in NICU for fEcho by certified 
Neonatologist 

 



Sonography in the NICU 
United States 

• Most are in tertiary care setting with 
Radiologist supported services available 

• Not all of these settings have Pediatric 
Radiologists 

• Most of these settings would not be able to 
provide instantaneous service within minutes 

• Most of these settings do not have equipment 
stationed in the NICU, and these patients are 
usually not mobile.  



POC Sonography in Medicine 
• Specialties that use non-Radiologist imagers: 

– Cardiology  

– OB 

– ER 

– ICU (central vascular access, A-lines) 

– Urology (hydronephrosis) 

– Orthopedics (joint injections) 

– Ophthalmology 

– Anesthesia 

• Medicare Part B US utilization rates: 2004 – 2009  
– 21% increase in utilization rate of non-cardiac US 

– 41% of 2009 POC US studies done by non-radiologists 

– Radiologists’ US market share stable 

J Am Coll Radiol 2011;8:772-775 



AHRQ Recommended 
Patient Safety Practices (2001)  

• RCT (n=201)  

• recommended dynamic, real-time US guidance during, as 
opposed to static guidance before cannulation.  
– IJ cannulation: improved success rate with both static (82%) and 

dynamic ultrasound (98%) compared with landmark methods (64%)  

– Dynamic vs. static improved success rates (98% vs. 82%) 

– 1st attempt success rates (62% vs. 50%) 

– mean # attempts (2.3 vs. 2.9) 

– mean time to cannulation (109 vs. 126 secs) 

 

 
Pediatr Crit Care Med. 2011; 12(6): 667–674 

Emerg Med J 2012; doi:10.1136/emermed-2012-201652 



Common Problems in the NICU Evaluated 
with Sonography by the Radiologist 

• Neuro 

– Screening for ICH and PVL 

– Monitoring evolution of ICH (including ICP) 

– Confirmation of prenatally suspected malformations or injuries 

– Evaluation for occult defects of the lower spine 

• Renal/GU 

– Confirmation of prentallay suspected malformation, dysgenesis or obstruction 

– Assessment for obstruction of blood flow to or from the kidney in the setting 
of hypertension or hematuria 

– Suspicion for testicular torsion 

– Confirmation of bowel in inguinal hernia 

• GI 

– Evaluation of biliary tree in the setting of cholestasis 

 

 



Acute clinical issues that might be 
aided by POC US 

• fECHO/TNE 
– PDA significance 
– Response to inotropic agents 

• Umbilical line tip placement 
– Reduction in radiation exposure 

• Bladder catheterization or tap 
• Pleural effusion drainage 
• PICC and PIV placement 
• Increased ICH requiring LP 
• ETT placement 

 Ultrasound Quarterly 2012;28:299-304 

Pediatr Radiol (2011) 41 (Suppl 1):S220–S227 

N Engl J Med 2011;364:749-57 



Pros and Cons for Neonatologist 

PROS 

• Knowledge of the patient’s 
clinical history and needs 

• Rapid return of information 
that can inform acute 
management 

• Access optimized for non-
mobile patients (timing,  
portable) 

• Lower radiation exposure 
for line, tube placement 

 

 

 

CONS 

• Lack of training in imaging 

• Lack of knowledge of anatomy 

• Lack of knowledge on physics of 
ultrasound 

• Lack of technical knowledge 
regarding the machine 

• Loss of control by Radiologist 
(QI, reporting, billing) 

• Lack of access to machine  

• Lack of technical support/service 

 



Potential Uses of POC US Proposed 
for the Neonatologist 

1) Functional echocardiography (fECHO)/ Targeted 
Neonatal Echocardiography (TNE) 

2) Localization of fluid collections for fluid withdrawal 

a. Bladder 

b. Pleural effusion 

c. Ascites 

3) Localization of UA/UVC and PICC line tips 

4) Assistance in placing PICC and peripheral A-lines 

5) Progression of ICP by RI 

6) Other: ETT placement, pneumothorax detection 

 



Neonatologist vs. Cardiologist 

• Neonatologist trained for 8 hours to perform 
POC US evaluation for presence of PDA 

• 24 studies performed by Neonatologist 
prospectively read by Neonatologist and 
Pediatric Cardiologist.   

• Readings compared to formal cardiac echo 
report 

Sensitivity (%) 
(95% CI) 

Specificity (%)  
(95% CI) 

Neonatologist 69 (49 – 89) 88 (67 – 99) 

Pediatric Cardiologist 87 (67 – 98) 71 (29 – 96) 

Lee, Silverman and Hintz. J Perinat (2007) 27, 291–296 





fECHO  

• To fulfill fECHO potential 

–  Must be available at all times in NICU 

–  Neonatologist must be appropriately trained 

• Major issues 

– Training and accreditation 

– Maintenance of skills 

– Potential for misdiagnosis 

• Concluded that close collaboration with Cardiogist 
essential: all pateints followed by fECHO require 
formal stuctural survey 

 



Functional Echocardiography (fECHO) or 
Targeted Neonatal Echocardiography (TNE) 

http://www.neonatalechoskills.com 



Functional Echocardiography (fECHO) or 
Targeted Neonatal Echocardiography (TNE) 

• Presence of physiologically significant PDA 

• Ventricular function assessment regarding pressor use 

• R -> L shunting: cardiac vs. pulmonary etiology of cyanosis 

 

http://www.neonatalechoskills.com/index.html  

http://www.asecho.org/files/NICU.pdf 

http://www.neonatalechoskills.com/index.html
http://www.asecho.org/files/NICU.pdf


• Retrospective 

• 62 infants post-PDA ligation 

• LV output < 200 ml/kg/min 1 hour post-op was highly predictive 

  of need for inotropes 

• Early inotrope use was associated with lower rate of ventilation failure 

  (15% vs. 48%, p = 0.02) 
 

J Pediatr 2012;160:584-9 



Bladder Catherization 

• Setting:  ER 

• Imager: Pediatric ER Physicians 

• Patients: Infants < 2 years 

• Blind cath: 76% success on first attempt 

• US directed: 96% success on first attempt 

• Skill set allows for bladder tap 

Chen et al, Pediatrics 2005;115;108 



Thoracentesis and Paracentesis for 
Fluid Drainage 

• Relatively little data in Peds and none in NICU 

• In adults, lower complication rate with post-
tap pneumothorax with US guidance (risk 
decreased by ~50%) 

• Simulation centers have developed models to 
train critical care personnel for such US guided 
procedures 

Pediatr Crit Care Med. 2011 November ; 12(6): 667–674 



PICC/UAC/UVC Line Tip Placement 

• Fleming et al. Ultrasound-guided umbilical catheter insertion in neonates.  
Journal of Perinatology (2011) 31, 344–349 
– 31 preterm infants underwent umbilical line placement with tip localization documented 

by either POC US or radiography. 

– Mean time to final placement was 75 vs. 139 min in the US vs. X-ray groups (p <0.001). 

– No. of X-rays taken was 2.3 vs. 4.1 in the US vs. X-ray groups (p = 0.003)  

• Jain et al. The Use of Targeted Neonatal Echocardiography to Confirm 
Placement of PICC in Neonates. Am J Perinatol 2012;29:101–106 
– 22 premature infants, mean GA 26.5 weeks (25.4 – 28.8) 

– Underwent both TNE radiography for PICC placement 

– Sensitivity of radiographs in determining malposition was 64% with a specificity of 55% 

– TNE  was more accurate and reduced the need for a second radiograph by 41%, thus 
significantly reducing potential radiation exposure 

• CONCLUSIONS: For PICC, UVC and UAC tip localization, POC US may be 
more accurate, faster and result in decreased radiation exposure 

 



CVC/PICC placement 

• Multiple organizations (e.g.) 
– AIUM  www.aium.org April 1, 2012—AIUM PRACTICE GUIDELINES—

Use of Ultrasound to Guide Vascular Access Procedures 

– International Anesthesia Research Society www.anesthesia-
analgesia.org  Anesthesia and Analgesia. 2012; 114(1) 46 – 72. 

– NICE  www.nice.org.uk NICE Technology Appraisal Guidance – No. 49 

 have developed standards and guidelines for  US guided 
placement (Radiologist or Non-radiologist) of  
– Internal Jugular (IJ) 

– Subclavian 

– Femoral 

– Peripherally Inserted Central Catheters (PICC) 

– Peripheral IVs: may decrease # sticks, time to placement, avoid PICC 

http://www.aium.org/
http://www.anesthesia-analgesia.org/
http://www.anesthesia-analgesia.org/
http://www.anesthesia-analgesia.org/
http://www.nice.org.uk/


Resistive Index (RI) 

• Use POC US to determine change in RI as a 
reflection of change in intracranial pressure 
(ICP) in premature newborns with ICH and PHH  

• ICP increase prompts LP decompression 
pending shunt placement 

• Useful in infants too small for shunt placement; 
temporizing taps to keep ICP down for 
minimization of brain injury 

• Same daily observer lends reliabilty to results 

 Taylor et al. Radiology 1994; 191;787-791 



Training Resources for MDs 



Training and Certification 
Requirements 

• What would be exam for Neonatologist?  

– little currently exists for Neonatology except fECHO/TNE 

• Organizations for training/certification 

– RPVI: M.D., 500 supervised studies, course, exam 

• Organizations developing guidelines 

– AIUM, ASE, SCA,  

• “Stethescope”  

– don’t get certified, don’t charge, don’t document  

– use to gather info in clinical assessment 



Potential Imaging Combinations 

Perform Study  

• Technologist 

• Technologist 

• Technologist 

• Neonatologist 
 individual  vs. group 

• Neonatologist 

• Neonatologist 

• Neonatologist 

• Radiologist 

 

Interpret Study 

• Radiologist 

• Neonatologist 

• Neonatologist/Radiologist 

• Neonatologist/Radiologist 
 

• Neonatologist/Radiologist 

• Neonatologist 

• Radiologist 

• Radiologist 



SUMMARY 

• Evolution of fECHO/TNE will pave the way for other uses 
of POC sonography in the NICU with equipment acess. 

• Needed: 

– Development of training and credentialing pathways 

– Development of NICU procedure standards jointly by 
Neonatologists, Subspecialists and Radiologists (similar to AIUM 
vascular access guidelines) 

• With appropriate standards and training, NICU POC US 
may lead to lower procedure complication rates and 
lower radiation exposure in a high risk population. 


