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Chapter 10 Measurements and Calculations 
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Includes the following features or measurement and calculation packages: 
 Obstetric 
 

Chapter 11 Cardiac Measurements and Calculations 
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 AI Measure 
 

Chapter 12 Reports 
 Procedures for saving, modifying, and transferring reports. 
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 Procedures for printing and recording images. 
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 Technical description of the ultrasound system. Includes the operating and 

storage temperatures for the system and transducers. 
 

Appendix B Icons and Indicators 
 Description of system status indicators, special characters, and the imaging 

parameters and settings on the image screen. 
 

Appendix C Cybersecurity 
 Information about ultrasound system security.  

 
Appendix D Acoustic Output Reference 
 Acoustic output reporting tables. 

 
Note: Not all features and options described in this publication are available to all users. Please 
check with your Siemens Healthineers representative to determine the current availability of features 
and options. 
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About the User and Reference Manuals 
The user and reference manuals consist of the following publications. 

Publication Includes 
Instructions for Use  Conventions and typographical conventions used in the manuals 

 Intended audience 
 Introduction to the ultrasound system 
 Safety and care information for the ultrasound system and compatible transducers 
 Procedures for setting up and preparing the system for use 
 Procedures for registering a patient and activating an operating mode 
 Procedures for acquiring, optimizing, annotating, measuring, printing, and 

recording images 
 Technical description of the ultrasound system 
 Acoustic output data 

Advanced Imaging Manual This manual is a companion to the Instructions for Use publication and contains 
additional instructions for use for the safe and proper use of advanced imaging 
features on the ultrasound system. 
 Description of the biopsy function 
 Procedures for specialty imaging 

– Panoramic imaging 
– Contrast agent imaging 
– Comparing images from multiple modalities 
– AI anatomy recognition, including AI Assist and AI Abdomen 
– 3D and 4D volume imaging 
– Virtual Touch applications 
– Fusion imaging 

 Procedures for reviewing images and clips 
 Description of features for cardiology 

– Procedures for the physiologic function 
– Procedures for the stress echo function 
– Description of the transesophageal transducer, including cleaning and care of 

the transducer 
– Cardiac volume imaging 
– 2D Heart AI 
– 4D Heart AI 

System Reference*  Description of customizable system settings 
 Description of all measurement labels configurable for the ultrasound system 
 Information about DICOM connectivity, network capabilities, and external devices 
 Clinical references 
 Information regarding the electromagnetic compatibility (EMC) testing of this 

ultrasound system 
*Languages supported by the user interface include a translation of this publication. 
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Conventions 
The user and reference manuals include the following conventions. 

Convention Description 
Warnings and Cautions 

 WARNING: Warnings are intended to alert you to the importance of following the 
correct operating procedures where risk of injury to the patient or system user 
exists. 

 Caution: Cautions are intended to alert you to the importance of following the 
correct operating procedures to prevent the risk of damage to the ultrasound 
system. 

Notes and Prerequisites Prerequisite: Prerequisites contain tasks the user must complete or information the 
user needs prior to performing a procedure. 

Note: Notes contain information concerning the proper use of the ultrasound system 
or correct execution of a procedure. 

Cross-references Examples: 
See also: For information about cleaning and disinfecting a transducer, refer to 
Chapter 3 in this manual. 

See also: For information about customizing the measurement function, refer to 
Chapter 2 in the System Reference. 

See also: For additional information about the measurement function, refer to 
Chapter 10 in the Instructions for Use. 

See also: For information about exporting and importing images, refer to Chapter B2 
in the Advanced Imaging Manual. 

See also: Alphanumeric Keyboard, page 1-26 

See also: Chapter 2, Instructions for Use 

Customizable Ultrasound 
System Settings 

Settings for configuring and customizing the ultrasound system are described in the 
System Reference. When customization is available, the user manual provides a 
reference to the configuration settings. 
Example: 
Use the configuration settings to customize the measurement function. 
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Typographical Conventions 
The following typographical conventions are in descriptions and procedures within your user 
and reference manuals. Use the conventions to identify the location of a control or selection on 
the ultrasound system. 

Control or Selection Description 
Controls on the Control 
Panel 

Controls located on the control panel are indicated by uppercase boldface type. 
Examples: 
 Rotate 2D to adjust the 2D gain. 
 Press ABC to activate or exit the annotation function. 
 Double-click UPDATE to display the 2D image. 

Trackball and Trackball Keys Right and left trackball keys are located on the control panel. The function assigned to 
the trackball and trackball keys is indicated by labels on the image screen. 
Examples: 
 Adjust the size or position of the field of view and then press a trackball key. 
 Position the measurement marker and then press a trackball key. 
 Press the right trackball key. 

Selections on the Image 
Screen 

On-screen selections are indicated by boldface type.  
Roll the trackball to position the pointer on the control or object on the image screen 
and then press a trackball key. 
Examples: 
 Click Correct on the patient registration form. 
 Double-click a thumbnail. 
 Select the check box for the required entries and then click Delete. 

Controls on the Control 
Panel for the Touch Screen 

Press and rotate controls on the control panel are labeled on the touch screen. The 
selection assigned to these controls is indicated by boldface type. 
Examples: 
 Rotate Tint. 
 Press Steer. 

Selections on the Touch 
Screen 

Touch screen selections are indicated by boldface type. 
Tap the touch screen to access a selection. Drag an object on the touch screen to 
reposition the object. Swipe the screen to display a separate page of selections. 
Examples: 
 Tap Workflow. 
 Drag the tail of the arrow on the touch screen to adjust the length. 
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System Overview 
The ACUSON Sequoia and ACUSON Sequoia Select ultrasound systems are designed for 
diagnostic use in general imaging, vascular, and cardiac imaging. The systems streamline 
clinical workflow from patient registration to study archival with software-based applications, 
transducers, and clinical communication tools. 

See also: For a technical description of the ultrasound systems, refer to Appendix A in this manual. 
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Example of the ultrasound system, front view. 

1 Monitor 
2 Speaker 
3 Accessory shelf. This example includes the optional printer. 

Accommodates an optional accessory, for example, a printer, recordable disc drive, Fusion electronics 
unit, or rear accessory tray 

4 Lock and swivel lock for the front wheels 
5 Storage bin for transducer connectors 
6 Transducer ports for array transducers 
7 Access door for ports 

‒ Auxiliary continuous wave Doppler transducer port 
‒ Auxiliary in/out port for the physiologic function 
‒ ECG port 

8 Transducer cable hook 
9 Keyboard (optional) 
10 Front handle 
11 Backlit control panel 
12 Transducer holder 
13 Touch screen with USB ports 
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Example of the ultrasound system, back view. 

1 Monitor 
2 Adjustable arm for the monitor 
3 Storage bin 
4 Accessory shelf. This example includes the optional printer. 

Accommodates an optional accessory, for example, a printer, recordable disc drive, Fusion electronics 
unit, or rear accessory tray 

5 Rear handle for repositioning the ultrasound system 
This handle is not intended for moving the system to another location. 

6 Power cord hook 
7 Storage bin and access door for connections and indicators 

‒ Input/output panel 
‒ Ethernet port 
‒ Service indicator lights 

8 Rear swivel wheel with locking lever 
9 Power panel 
10 Gel warmer 
11 Transducer holder 
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Selecting an Exam Association Package 
An exam association package includes an image preset, a measurement and report calculation 
package, annotation body markers, annotation text package, and protocol. You can select 
measurement labels, text annotations, body markers, or protocols without changing the image 
preset or exam association package. 

To select an exam association package: 
Prerequisite: Activate the measurement function or the annotation function. 

1. Tap Exam Package. 
2. Tap the required selection: 
 

Selection Description 
Abdomen Abdomen 
Breast Breast 
Cardiac Cardiac 
Carotid Cerebrovascular 
Early OB Early obstetric 
Fetal Echo Fetal echo 
GYN Gynecological 
LEA  Peripheral vascular arterial, lower extremity 
LEV Peripheral vascular venous, lower extremity 
MSK Musculoskeletal 
Neo Head Neonatal head 
Neonatal Head Neonatal head 
OB Obstetric 
Ped Hip Pediatric hip 
Pediatric Abdomen Pediatric abdomen 
Pelvis Pelvis 
Penile Penile 
Prostate Prostate 
Renal Renal 
TCI Transcranial imaging 
Testis Testis 
Thyroid Thyroid 
UEA Peripheral vascular arterial, upper extremity 
UEV Peripheral vascular venous, upper extremity 
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Optimizing 2D Images 
Prerequisite: Activate 2D imaging. During combined mode imaging, tap the 2D tab to access the 
optimization settings. 

To Do This 
Resize or reposition the field of view 
(FOV) 

(Available only for phased and curved array transducers with curved and 
vector formats) 
1. Press a trackball key, if necessary. 

– Position indicates the trackball is assigned to repositioning the 
FOV. A dashed line outlines the FOV. 

– Size indicates the trackball is assigned to adjusting the width of 
the FOV. A dotted line outlines the FOV. 

– Set indicates the trackball is no longer assigned to adjusting the 
FOV. The system removes the outline from the FOV. 

2. Roll the trackball to adjust the size or position and then press a 
trackball key. 

Restore the field of view (FOV) to the 
default position and maximum size 

(Available only for vector and curved transducers, and linear array 
transducers in a trapezoid image format) 
(Not available during Doppler and M-mode imaging) 
 Tap Full FOV. 

Expand the width of the acquisition field of 
view (FOV) 

(Not available during Zoom or HD Zoom) 
 Tap Wide FOV. 
 To exit, tap Wide FOV again. 

Reduce or enlarge the size of the 2D 
image 

 Tap Image Size and then select a size setting. 

Rotate an image (Available only for linear array transducers) 
(Not available during seamless dual imaging) 
 To rotate the image 90 degrees in a clockwise direction, tap 90°. 
 To rotate the image 90 degrees in a counterclockwise direction, tap 

270°. 
 To reset to the starting position, tap 0°. 
Note: Only the active image rotates during dual imaging. Both images 
rotate during live dual imaging. 

Activate a linear or trapezoid image format (Available only for linear array transducers) 
 Tap Trapezoid. 
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M-mode Measurements 

M-mode Measurement Labels 
Measurement Label Definition 
M-mode M-mode 

Ao/LA Aorta/left atrium measurements 
Ao Diam d Aortic diameter at end-diastole 
AoV Cusp Sep Aortic valve cusp separation 
LA Diam s Left atrial diameter systole 

IVC Inferior vena cava 
IVC Collapsed Diam Inferior vena cava collapsed diameter 
IVC Diam Inferior vena cava diameter 

MV Mitral valve function 
CE Amp Amplitude of the E wave 
CA Amp Amplitude of the A wave 
DE Excursion DE excursion 
DE Slope Anterior excursion of the mitral leaflet at early diastole 
EPSS E point to septal separation 

The distance between the anterior leaflet and the ventricular septum at early diastole. 
EF Slope Deceleration slope of the mitral leaflet's closure at early diastole 
MAPSE Mitral valve annular plane systemic excursion 
Systolic BP Systolic blood pressure  

TV Tricuspid valve 
DE Excursion DE excursion 
DE Slope Anterior excursion of the mitral leaflet at early diastole 
EF Slope Deceleration slope of the mitral leaflet's closure at early diastole 
TAPSE Tricuspid annular plane systolic excursion 

RV Right ventricle dimensions 
RV ET Right ventricular ejection time 
RV Inflow Vp Right ventricular inflow propagation velocity 
RV PEP Right ventricular pre-ejection period 
RVAW d Right ventricular anterior wall at end-diastole 
RVAW s Right ventricular anterior wall at end-systole 
RVID d Right ventricular internal diameter at end-diastole 
RVID s Right ventricular internal diameter at end-systole 
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2D Heart AI Result Labels 
See also: For information about the 2D Heart AI feature, refer to Chapter D3 in the Advanced 
Imaging Manual. 

2D Heart AI General Labels 
Result Label Description Units 
HR Heart rate bpm 

2D Heart AI Left Ventricle Pre-tracking Measurement Labels 
Result Label Description Units 
A4C Pre-tracking Apical four chamber pre-tracking --- 

EF Ejection fraction % 
GLS Global longitudinal strain % 
Mass Mass g 
Mass/BSA Mass, body surface area g/m² 
CO Cardiac output l/min 
EDV End diastolic volume ml 
EDV/BSA End diastolic volume, body surface area ml/m² 
ESV End systolic volume ml 
ESV/BSA End systolic volume, body surface area ml/m² 
SV Stroke volume ml 
SV/BSA Stroke volume, body surface area ml/m² 
ED Axis End diastolic major axis cm 
ES Axis End systolic major axis cm 

A2C Pre-tracking Apical two chamber pre-tracking --- 
EF Ejection fraction % 
GLS Global longitudinal strain % 
Mass Mass g 
Mass/BSA Mass, body surface area g/m² 
CO Cardiac output l/min 
EDV End diastolic volume ml 
EDV/BSA End diastolic volume, body surface area ml/m² 
ESV End systolic volume ml 
ESV/BSA End systolic volume, body surface area ml/m² 
SV Stroke volume ml 
SV/BSA Stroke volume, body surface area ml/m² 
ED Axis End diastolic major axis cm 
ES Axis End systolic major axis cm 
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Result Label Description Units 
A3C Pre-tracking Apical three chamber pre-tracking --- 

EF Ejection fraction % 
GLS Global longitudinal strain % 
CO Cardiac output l/min 
EDV End diastolic volume ml 
EDV/BSA End diastolic volume, body surface area ml/m² 
ESV End systolic volume ml 
ESV/BSA End systolic volume, body surface area ml/m² 
SV Stroke volume ml 
SV/BSA Stroke volume, body surface area ml/m² 
ED Axis End diastolic major axis cm 
ES Axis End systolic major axis cm 

2D Heart AI Left Atrium Pre-tracking Measurement Labels 
Result Label Description Units 
A4C Pre-tracking Apical four chamber pre-tracking --- 

EF Ejection fraction % 
EDA End diastolic area cm² 
ESA End systolic area cm² 
FAC Fractional area change % 
GLS Global longitudinal strain % 
CO Cardiac output l/min 
EDV End diastolic volume ml 
EDV/BSA End diastolic volume, body surface area ml/m² 
ESV End systolic volume ml 
ESV/BSA End systolic volume, body surface area ml/m² 
SV Stroke volume ml 
SV/BSA Stroke volume, body surface area ml/m² 
ED Axis End diastolic major axis cm 
ES Axis End systolic major axis cm 

A2C Pre-tracking Apical two chamber pre-tracking --- 
EF Ejection fraction % 
GLS Global longitudinal strain % 
CO Cardiac output l/min 
EDV End diastolic volume ml 
EDV/BSA End diastolic volume, body surface area ml/m² 
ESV End systolic volume ml 
ESV/BSA End systolic volume, body surface area ml/m² 
SV Stroke volume ml 
SV/BSA Stroke volume, body surface area ml/m² 
ED Axis End diastolic major axis cm 
ES Axis End systolic major axis cm 
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2D Heart AI Left Atrium Pre-tracking Measurement Labels 
Result Label Description Units 
Right Ventricle A4C 
Pre-tracking 

Right ventricle apical four chamber pre-tracking --- 

EF Ejection fraction % 
GLS Global longitudinal strain % 
CO Cardiac output l/min 
EDV End diastolic volume ml 
EDV/BSA End diastolic volume, body surface area ml/m² 
ESV End systolic volume ml 
ESV/BSA End systolic volume, body surface area ml/m² 
SV Stroke volume ml 
SV/BSA Stroke volume, body surface area ml/m² 
ED Axis End diastolic major axis cm 
ES Axis End systolic major axis cm 

2D Heart AI Biplane Measurement Labels 
Result Label Description Units 
Left Ventricle Biplane Left ventricle biplane --- 

EF Ejection fraction % 
GLS Global longitudinal strain % 
Mass Mass g 
Mass/BSA Mass, body surface area g/m² 
CO Cardiac output l/min 
EDV End diastolic volume ml 
EDV/BSA End diastolic volume, body surface area ml/m² 
ESV End systolic volume ml 
ESV/BSA End systolic volume, body surface area ml/m² 
SV Stroke volume ml 
SV/BSA Stroke volume, body surface area ml/m² 
ED Axis End diastolic major axis cm 
ES Axis End systolic major axis cm 
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Result Label Description Units 
Left Atrium Biplane Left atrium biplane --- 

EF Ejection fraction % 
GLS Global longitudinal strain % 
CO Cardiac output l/min 
EDV End diastolic volume ml 
EDV/BSA End diastolic volume, body surface area ml/m² 
ESV End systolic volume ml 
ESV/BSA End systolic volume, body surface area ml/m² 
SV Stroke volume ml 
SV/BSA Stroke volume, body surface area ml/m² 
ED Axis End diastolic major axis cm 
ES Axis End systolic major axis cm 

Overall Global Longitudinal 
Strain 

Overall global longitudinal strain --- 

Overall GLS Overall global longitudinal strain % 

2D Heart AI Tracking Results Summary 
Result Label Description Units 
Left Ventricle Summary Left ventricle summary --- 

AVG EF Averaged ejection fraction % 
PSD Peak strain dispersion (systolic) ms 
AVC Aortic valve closure ms 

Left Atrium Summary Left atrium summary --- 
AVG GLS Cond Averaged global longitudinal strain, conduit % 
AVG GLS Cont Averaged global longitudinal strain, contraction % 
AVG GLS Res Averaged global longitudinal strain, reservoir % 
AVG ESV Averaged end systolic volume ml 
AVG ESV/BSA Averaged end systolic volume, body surface area ml/m² 
Pre-A Pre-atrial contraction time measured at the onset of the 

P-wave 
ms 
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2D Heart AI Single View Tracking Results Labels 
Result Label Description Units 
Left Atrium A4C Tracking Left atrium apical four chamber tracking --- 

GLS Cond Global longitudinal strain, conduit % 
GLS Cont Global longitudinal strain, contraction % 
GLS Res Global longitudinal strain, reservoir % 

Left Atrium A2C Tracking Left atrium apical two chamber tracking --- 
GLS Cond Global longitudinal strain, conduit % 
GLS Cont Global longitudinal strain, contraction % 
GLS Res Global longitudinal strain, reservoir % 

2D Heart AI Bullseye Result Labels 
Result Label Description Units 
ESS Left ventricle end systolic strain % 
PS Left ventricle post systolic strain % 
PSI Left ventricle post systolic indexed --- 
PSS Left ventricle peak systolic strain % 
TTP Left ventricle time to peak ms 
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2D-mode Obstetric Fetal Echo Measurement Labels 
Measurement Label Definition 
AC Abdominal circumference 
AFI - Q1 Amniotic fluid index for the quadrant, numbered 1 through 4 
APTD Anterior posterior trunk diameter 
BPD Biparietal diameter 
Cardiac Axis Cardiac axis 
Cerebellum Cerebellum 
FL Femur length 
HA Heart area 
HC Head circumference 
Heart Circum Heart circumference 
HL Humerus length 
HW Hemispheric width 
Lat Vent Lateral ventricle 
OFD Occipital frontal diameter 
TA Thoracic area 
TC Thoracic circumference 
TTD Transverse thoracic diameter 

Doppler Obstetric Fetal Echo Measurement Labels 
Measurement Label Definition 
MCA Middle cerebral artery 
Umbilical A Umbilical artery 
Umbilical V A Vmax Umbilical vein A wave, maximum velocity 
Umbilical V D Vmax Umbilical vein D wave, maximum velocity 
Umbilical V S Vmax Umbilical vein S wave, maximum velocity 
Umbilical V VTI Umbilical vein, velocity time integral 
Uterine A Uterine artery 

M-mode Fetal Echo Measurement Labels 
Measurement Label Definition 
LVID Left ventricular internal diameter 
MAPSE Mitral annular plane systolic excursion 
PR Interval Time interval P-R 
RVFW Right valve free wall 
RVID Right ventricular internal diameter 
TAPSE Tricuspid annular plane systolic excursion 
LV d Series Left ventricle diastolic measurement series 
LV s Series Left ventricle systolic measurement series 
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Lasser DM, Peisner DB, Vollebergh J, Timor-Tritsch I. "First-trimester Fetal Biometry Using 

Transvaginal Sonography." Ultrasound in Obstetrics and Gynecology 3(2):104–108, 1993. 
Merz E. Ultrasound in Gynecology and Obstetrics. Stuttgart and New York: Thieme Medical 

Publishers, Inc., 1991, 1st Edition (ISBN 0-865-77376-9); p. 312–326. 
ASUM 2003: 
Westerway SC. "Ultrasonic Fetal Measurements for an Australian Population." 2003. 

Adapted from Westerway SC, Davison A, Cowell S. "Ultrasonic Fetal Measurements: New 
Australian Standards for the New Millennium." Australian and New Zealand Journal of Obstetrics 
and Gynaecology 40(3):297–302, 2000. 

JSUM 2003: 
Japan Society of Ultrasonics in Medicine. "Standardization of Fetometry and Official Announcement 

of Diagnostic Guidelines." Journal of Medical Ultrasonics 30(3):415–440, 2003. 

Anterior-Posterior Trunk Diameter Multiplied by Transverse Trunk 
Diameter 
Tokyo: 
Shinozuka N, Okai T, Mizuno M. "Chapter 80. Fetal Measurements." Obstetrics and Gynecology 

Shindan To Iryo Sha Inc., 1989, Vol. 56 Supplement, p. 370–380. 

Binocular Distance 
Jeanty P, Cantraine F, Cousaert E, Romero R, Hobbins JC. "The Binocular Distance: A New Way to 

Estimate Fetal Age." Journal of Ultrasound in Medicine 3:241–243, 1984. 
Tongsong T, Wanapirak C, Jesadapornchai S, Tathayathikom E. "Fetal Binocular Distance as a 

Predictor of Menstrual Age." International Journal of Gynecology and Obstetrics 38(2):87–91, 
1992. 
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Biparietal Diameter 
Hadlock FP, Deter RL, Carpenter RJ, Park SK. "Estimating Fetal Age: Effect of Head Shape on 

BPD." American Journal of Roentgenology 137(1):83–85, 1981. 
Hansmann M, Hackelöer B-J, Staudach A. Ultrasound Diagnosis in Obstetrics and Gynecology. 

New York: Springer-Verlag, 1986, English Edition (ISBN 0-387-15384-9); p. 440–441. 
Jeanty P, Romero R. Obstetrical Ultrasound. New York: McGraw-Hill Book Company, 1984, 

(ISBN ISBN 0-070-32319-4); p. 58. 
Lasser DM, Peisner DB, Vollebergh J, Timor-Tritsch I. "First-trimester Fetal Biometry Using 

Transvaginal Sonography." Ultrasound in Obstetrics and Gynecology 3(2):104–108, 1993. 
Merz E. Ultrasound in Gynecology and Obstetrics. Stuttgart and New York: Thieme Medical 

Publishers, Inc., 1991, 1st Edition (ISBN 0-865-77376-9); p. 312–326. 
Rempen A, Chaoui R, Kozlowski P, Häusler M, Terinde R, Wisser J. "Standards zur 

Ultraschalluntersuchung in der Frühschwangerschaft." Der Frauenarzt 42:327–331, 2001. 
ASUM 2003: 
Westerway SC. "Ultrasonic Fetal Measurements for an Australian Population." 2003. 

Adapted from Westerway SC, Davison A, Cowell S. "Ultrasonic Fetal Measurements: New 
Australian Standards for the New Millennium." Australian and New Zealand Journal of Obstetrics 
and Gynaecology 40(3):297–302, 2000. 

Chitty (Outer to Inner): 
Altman DG, Chitty LS. "New Charts for Ultrasound Dating of Pregnancy." Ultrasound in Obstetrics 

and Gynecology 10(3):174–191, 1997. 
Chitty (Outer to Outer): 
Altman DG, Chitty LS. "New Charts for Ultrasound Dating of Pregnancy." Ultrasound in Obstetrics 

and Gynecology 10(3):174–191, 1997. 
JSUM 2003: 
Japan Society of Ultrasonics in Medicine. "Standardization of Fetometry and Official Announcement 

of Diagnostic Guidelines." Journal of Medical Ultrasonics 30(3):415–440, 2003. 
Osaka: 
Mineo A. "IUGR Diagnosis and Treatment." Perinatal Care 9(5):37–52 (407–422), 1990. 
Verburg (Outer to Outer): 
Verburg BO, Steegers EA, De Ridder M, Snijders RJ, Smith E, Hofman A, Moll HA, Jaddoe VW, 

Witteman JC. "New Charts for Ultrasound Dating of Pregnancy and Assessment of Fetal Growth: 
Longitudinal Data From a Population-based Cohort Study." Ultrasound in Obstetrics and 
Gynecology 31(4):388–396, 2008. 

Cerebellum, Transverse Cerebellar Diameter 
Hill LM, Guzick D, Fries J, Hixson J, Rivello D. "The Transverse Cerebellar Diameter in Estimating 

Gestational Age in the Large for Gestational Age-Fetus." Obstetrics and Gynecology 75(6):981–
985, 1990. 
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Crown Rump Length 
Hadlock FP, Shah YP, Kanon DJ, Lindsey JV. "Fetal Crown-Rump Length: Reevaluation of Relation 

to Menstrual Age (5–18 weeks) with High-Resolution Real-Time US." Radiology 182(2):501–505, 
1992. 

Hansmann M, Hackelöer B-J, Staudach A. Ultrasound Diagnosis in Obstetrics and Gynecology. 
New York: Springer-Verlag, 1986, English Edition (ISBN 0-387-15384-9); p. 439. 

Lasser DM, Peisner DB, Vollebergh J, Timor-Tritsch I. "First-trimester Fetal Biometry Using 
Transvaginal Sonography." Ultrasound in Obstetrics and Gynecology 3(2):104–108, 1993. 

Rempen A, Chaoui R, Kozlowski P, Häusler M, Terinde R, Wisser J. "Standards zur 
Ultraschalluntersuchung in der Frühschwangerschaft." Der Frauenarzt 42:327–331, 2001. 

Robinson HP, Fleming JE. "A Critical Evaluation of Sonar 'Crown-rump Length' Measurements." 
British Journal of Obstetrics and Gynaecology 82(9):702–710, 1975. 

Verburg BO, Steegers EA, De Ridder M, Snijders RJ, Smith E, Hofman A, Moll HA, Jaddoe VW, 
Witteman JC. "New Charts for Ultrasound Dating of Pregnancy and Assessment of Fetal Growth: 
Longitudinal Data From a Population-based Cohort Study." Ultrasound in Obstetrics and 
Gynecology 31(4):388–396, 2008. 

ASUM 2003: 
Westerway SC. "Ultrasonic Fetal Measurements for an Australian Population." 2003. 

Adapted from Westerway SC, Davison A, Cowell S. "Ultrasonic Fetal Measurements: New 
Australian Standards for the New Millennium." Australian and New Zealand Journal of Obstetrics 
and Gynaecology 40(3):297–302, 2000. 

INTERGROWTH-21st: 
Papageorghiou AT, Kennedy SH, Salomon LJ, Ohuma EO, et al. "International Standards for Early 

Fetal Size and Pregnancy Dating Based on Ultrasound Measurement of Crown-rump Length in 
the First Trimester of Pregnancy." Ultrasound in Obstetrics and Gynecology 44(6):641–648, 
2014. 

JSUM 2003: 
Japan Society of Ultrasonics in Medicine. "Standardization of Fetometry and Official Announcement 

of Diagnostic Guidelines." Journal of Medical Ultrasonics 30(3):415–440, 2003. 
Osaka: 
Mineo A. "IUGR Diagnosis and Treatment." Perinatal Care 9(5):37–52 (407–422), 1990. 
Tokyo: 
Masuda H, Shinozuka N, Okai T, Mizuno M. "Diagnosis of the Week of Pregnancy and Prognosis." 

Perinatal Care 8:43–50 (719–726). 

Estimated Fetal Weight 
JSUM 2003: 
Japan Society of Ultrasonics in Medicine. "Standardization of Fetometry and Official Announcement 

of Diagnostic Guidelines." Journal of Medical Ultrasonics 30(3):415–440, 2003. 
Osaka: 
Mineo A. "IUGR Diagnosis and Treatment." Perinatal Care 9(5):37–52 (407–422), 1990. 
Tokyo: 
Masuda H, Shinozuka N, Okai T, Mizuno M. "Diagnosis of the Week of Pregnancy and Prognosis." 

Perinatal Care 8:43–50 (719–726). 
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Femur Length 
Altman DG, Chitty LS. "New Charts for Ultrasound Dating of Pregnancy." Ultrasound in Obstetrics 

and Gynecology 10(3):174–191, 1997. 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 
Jeanty P, Rodesch F, Delbeke D, Dumont JE. "Estimation of Gestational Age from Measurements of 

Fetal Long Bones." Journal of Ultrasound in Medicine 3(2):75–79, 1984. 
Merz E. Ultrasound in Gynecology and Obstetrics. Stuttgart and New York: Thieme Medical 

Publishers, Inc., 1991, 1st Edition (ISBN 0-865-77376-9); p. 312–326. 
Warda AH, Deter RL, Rossavik IK, Carpenter RJ, Hadlock FP. "Fetal Femur Length: A Critical 

Re-evaluation of Relationship to Menstrual Age." Obstetrics and Gynecology, 66(1):69–75, 1985. 
ASUM 2003: 
Westerway SC. "Ultrasonic Fetal Measurements for an Australian Population." 2003. 

Adapted from Westerway SC, Davison A, Cowell S. "Ultrasonic Fetal Measurements: New 
Australian Standards for the New Millennium." Australian and New Zealand Journal of Obstetrics 
and Gynaecology 40(3):297–302, 2000. 

JSUM 2003: 
Japan Society of Ultrasonics in Medicine. "Standardization of Fetometry and Official Announcement 

of Diagnostic Guidelines." Journal of Medical Ultrasonics 30(3):415–440, 2003. 
Osaka: 
Mineo A. "IUGR Diagnosis and Treatment." Perinatal Care 9(5):37–52 (407–422), 1990. 
Tokyo: 
Shinozuka N, Okai T, Mizuno M. "Chapter 80. Fetal Measurements." Obstetrics and Gynecology 

Shindan To Iryo Sha Inc., 1989, Vol. 56 Supplement, p. 370–380. 

Fetal Trunk Area 
Osaka: 
Mineo A. "IUGR Diagnosis and Treatment." Perinatal Care 9(5):37–52 (407–422), 1990. 

Foot Length 
Mercer BM, Sklar S, Shariatmadar A, Gillieson MS, Dalton ME. "Fetal Foot Length as a Predictor of 

Gestational Age." American Journal of Obstetrics and Gynecology 156(2):350–355, 1987. 

Gestational Sac Diameter 
Rempen A. "Biometrie in der Frühgravidität (I. Trimenon) (Biometry in Early Pregnancy 

[1st Trimester])." Der Frauenarzt 32(4):425–430, 1991. 
Tokyo: 
Masuda H, Shinozuka N, Okai T, Mizuno M. "Diagnosis of the Week of Pregnancy and Prognosis." 

Perinatal Care 8:43–50 (719–726). 
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Head Circumference 
Altman DG, Chitty LS. "New Charts for Ultrasound Dating of Pregnancy." Ultrasound in Obstetrics 

and Gynecology 10(3):174–191, 1997. 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 
Hansmann M, Hackelöer B-J, Staudach A. Ultrasound Diagnosis in Obstetrics and Gynecology. 

New York: Springer-Verlag, 1986, English Edition (ISBN 0-387-15384-9); p. 440–441. 
Lasser DM, Peisner DB, Vollebergh J, Timor-Tritsch I. "First-trimester Fetal Biometry Using 

Transvaginal Sonography." Ultrasound in Obstetrics and Gynecology 3(2):104–108, 1993. 
Merz E. Ultrasound in Gynecology and Obstetrics. Stuttgart and New York: Thieme Medical 

Publishers, Inc., 1991, 1st Edition (ISBN 0-865-77376-9); p. 312–326. 
ASUM 2003: 
Westerway SC. "Ultrasonic Fetal Measurements for an Australian Population." 2003. 

Adapted from Westerway SC, Davison A, Cowell S. "Ultrasonic Fetal Measurements: New 
Australian Standards for the New Millennium." Australian and New Zealand Journal of Obstetrics 
and Gynaecology 40(3):297–302, 2000. 

Humerus Length 
Jeanty P, Rodesch F, Delbeke D, Dumont JE. "Estimation of Gestational Age from Measurements of 

Fetal Long Bones." Journal of Ultrasound in Medicine 3(2):75–79, 1984. 
ASUM 2003: 
Westerway SC. "Ultrasonic Fetal Measurements for an Australian Population." 2003. 

Adapted from Westerway SC, Davison A, Cowell S. "Ultrasonic Fetal Measurements: New 
Australian Standards for the New Millennium." Australian and New Zealand Journal of Obstetrics 
and Gynaecology 40(3):297–302, 2000. 

Osaka: 
Mineo A. "IUGR Diagnosis and Treatment." Perinatal Care 9(5):37–52 (407–422), 1990. 

Mean Sac Diameter 
Rempen A. "Biometrie in der Frühgravidität (I. Trimenon) (Biometry in Early Pregnancy 

[1st Trimester])." Der Frauenarzt 32(4):425–430, 1991. 

Occipital Frontal Diameter 
ASUM 2003: 
Westerway SC. "Ultrasonic Fetal Measurements for an Australian Population." 2003. 

Adapted from Westerway SC, Davison A, Cowell S. "Ultrasonic Fetal Measurements: New 
Australian Standards for the New Millennium." Australian and New Zealand Journal of Obstetrics 
and Gynaecology 40(3):297–302, 2000. 

Tibia Length 
Jeanty P, Rodesch F, Delbeke D, Dumont JE. "Estimation of Gestational Age from Measurements of 

Fetal Long Bones." Journal of Ultrasound in Medicine 3(2):75–79, 1984. 

Ulna Length 
Jeanty P, Rodesch F, Delbeke D, Dumont JE. "Estimation of Gestational Age from Measurements of 

Fetal Long Bones." Journal of Ultrasound in Medicine 3(2):75–79, 1984. 
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Composite Gestational Age Calculations 

Abdominal Circumference, Femur Length 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Biparietal Diameter, Abdominal Circumference 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Biparietal Diameter, Abdominal Circumference, Femur Length 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Biparietal Diameter, Femur Length 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Biparietal Diameter, Head Circumference 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Biparietal Diameter, Head Circumference, Abdominal Circumference 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Biparietal Diameter, Head Circumference, Abdominal Circumference, 
Femur Length 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Biparietal Diameter, Head Circumference, Femur Length 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 
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Head Circumference, Abdominal Circumference 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Head Circumference, Abdominal Circumference, Femur Length 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Head Circumference, Femur Length 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Estimated Fetal Weight Calculations 

Abdominal Circumference, Femur Length 
Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK. "Estimation of Fetal Weight with the Use 

of Head, Body, and Femur Measurements – A Prospective Study." American Journal of 
Obstetrics and Gynecology 151(3):333–337, 1985. 

Biparietal Diameter, Abdominal Circumference 
Merz E. Ultrasound in Gynecology and Obstetrics. Stuttgart and New York: Thieme Medical 

Publishers, Inc., 1991, 1st Edition (ISBN 0-865-77376-9); p. 165. 
Shepard MJ, Richards VA, Berkowitz RL, Warsof SL, Hobbins JC. "An Evaluation of Two Equations 

for Predicting Fetal Weight by Ultrasound." American Journal of Obstetrics and Gynecology 
142(1):47–54, 1982. 

Biparietal Diameter, Abdominal Circumference, Femur Length 
Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK. "Estimation of Fetal Weight with the Use 

of Head, Body, and Femur Measurements – A Prospective Study." American Journal of 
Obstetrics and Gynecology 151(3):333–337, 1985. 

JSUM 2003: 
Japan Society of Ultrasonics in Medicine. "Standardization of Fetometry and Official Announcement 

of Diagnostic Guidelines." Journal of Medical Ultrasonics 30(3):415–440, 2003. 
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Biparietal Diameter, Anterior-Posterior Transverse Diameter, Transverse 
Trunk Diameter, Femur Length 
JSUM 2003: 
Japan Society of Ultrasonics in Medicine. "Standardization of Fetometry and Official Announcement 

of Diagnostic Guidelines." Journal of Medical Ultrasonics 30(3):415–440, 2003. 
Tokyo: 
Shinozuka N, Okai T, Kohzuma S, Mukubo M, Shih CT, Maeda T, Kuwabara Y, Mizuno M. "Formulas 

for Fetal Weight Estimation by Ultrasound Measurements Based on Neonatal Specific Gravities 
and Volumes." American Journal of Obstetrics and Gynecology 157(5):1140–1145, 1987. 

Biparietal Diameter, Fetal Trunk Area, Femur Length 
Osaka: 
Aoki M, Yamada M. "Examining Fetal Growth." Obstetrics and Gynecology 47(5):547–556, 1983. 

Biparietal Diameter, Head Circumference, Abdominal Circumference, 
Femur Length 
Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK. "Estimation of Fetal Weight with the Use 

of Head, Body, and Femur Measurements – A Prospective Study." American Journal of 
Obstetrics and Gynecology 151(3):333–337, 1985. 

Biparietal Diameter, Transverse Trunk Diameter 
Hansmann M, Hackelöer B-J, Staudach A. Ultrasound Diagnosis in Obstetrics and Gynecology. 

New York: Springer-Verlag, 1986, English Edition (ISBN 0-387-15384-9); p. 154. 

Head Circumference, Abdominal Circumference, Femur Length 
Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK. "Estimation of Fetal Weight with the Use 

of Head, Body, and Femur Measurements – A Prospective Study." American Journal of 
Obstetrics and Gynecology 151(3):333–337, 1985. 
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Ratio Calculations 

Cephalic Index Ratio 
Hadlock FP, Deter RL, Carpenter RJ, Park SK. "Estimating Fetal Age: Effect of Head Shape on 

BPD." American Journal of Roentgenology 137(1):83–85, 1981. 

Head Circumference/Abdominal Circumference Ratio 
Campbell S, Thoms A. "Ultrasound Measurement of the Fetal Head to Abdomen Circumference 

Ratio in the Assessment of Growth Retardation." British Journal of Obstetrics and Gynaecology 
84(3):165–174, 1977. 

Femur Length/Abdominal Circumference Ratio 
Hadlock FP, Deter RL, Harrist RB, Roecker E, Park SK. "A Date-Independent Predictor of 

Intrauterine Growth Retardation: Femur Length/Abdominal Circumference Ratio." American 
Journal of Roentgenology 141:979–984, 1983. 

Femur Length/Biparietal Diameter Ratio 
Hohler CW, Quetel TA. "Comparison of Ultrasound Femur Length and Biparietal Diameter in Late 

Pregnancy." American Journal of Obstetrics and Gynecology 141(7):759–762, 1981. 

Femur Length/Head Circumference Ratio 
Hadlock FP, Harrist RB, Shah Y, Park SK. "The Femur Length/Head Circumference Relation in 

Obstetric Sonography." Journal of Ultrasound in Medicine 3(10):439–442, 1984. 

Lateral Ventricle Width/Hemispheric Width Ratio 
Johnson ML, Dunne MG, Mack LA, Rashbaum CL. "Evaluation of Fetal Intracranial Anatomy by 

Static and Real-Time Ultrasound." Journal of Clinical Ultrasound 8(4):311–318, 1980. 

Transverse Cerebellar Diameter/Abdominal Circumference Ratio 
Meyer WJ, Gauthier DW, Goldenberg B, Santolaya J, Sipos J, Cattledge F. "The Fetal Transverse 

Cerebellar Diameter/Abdominal Circumference Ratio: A Gestational Age-Independent Method of 
Assessing Fetal Size." Journal of Ultrasound in Medicine 12(7):379–382, 1993. 
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Growth Analysis Calculations 

Abdominal Circumference 
Chitty LS, Altman DG. "Charts of Fetal Size: 3. Abdominal Measurements." British Journal of 

Obstetrics and Gynaecology 101(2):125–131, 1994. 
Deter RL, Harrist RB, Hadlock FP, Carpenter RJ. "Fetal Head and Abdominal Circumferences: II. 

A Critical Reevaluation of the Relationship to Menstrual Age." Journal Clinical Ultrasound 
10(8):365–372, 1982. 

Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 
Multiple Fetal Growth Parameters." Radiology 152(2):497–502, 1984. 

Jeanty P, Cousaert E, Cantraine F. "Normal Growth of the Abdominal Perimeter." American Journal 
of Perinatology 1(2):129–135, 1984. 

Merz E, Wellek S. "Normal Fetal Development Profiles - A Model to Obtain Standard Development 
Graphs for the Head and Abdominal Parameters and the Long Limb Bones." Ultraschall in der 
Medizin 17(4):153–162, 1996. 

Snijders RJ, Nicolaides KH. "Fetal Biometry at 14–40 Weeks' Gestation." Ultrasound in Obstetrics 
and Gynecology 4(1):34–48, 1994. 

Verburg BO, Steegers EA, De Ridder M, Snijders RJ, Smith E, Hofman A, Moll HA, Jaddoe VW, 
Witteman JC. "New Charts for Ultrasound Dating of Pregnancy and Assessment of Fetal Growth: 
Longitudinal Data From a Population-based Cohort Study." Ultrasound in Obstetrics and 
Gynecology 31(4):388–396, 2008. 

ASUM 2003: 
Westerway SC. "Ultrasonic Fetal Measurements for an Australian Population." 2003. 

Adapted from Westerway SC, Davison A, Cowell S. "Ultrasonic Fetal Measurements: New 
Australian Standards for the New Millennium." Australian and New Zealand Journal of Obstetrics 
and Gynaecology 40(3):297–302, 2000. 

CFEF: 
Créquat J, Duyme M, Brodaty G. "Biométrie 2000.Tables de croissance fœtale par le Collège 

Français d'Echographie Fœtale (CFEF) et l'Inserm U155." ("Biometry 2000. Fetal growth charts 
by the French College of fetal ultrasonography and the Inserm U155.") Gynécologie Obstétrique 
and Fertilité 28(6):435–445, 2000. 

Grumbach (Twin): 
Grumbach K, Coleman BG, Arger PH, Mintz MC, Gabbe SV, Mennuti MT. "Twin and Singleton 

Growth Patterns Compared Using US." Radiology 158(1):237–241, 1986. 
INTERGROWTH-21st: 
Papageorghiou AT, Ohuma EO, Altman DG, Todros T, Ismail LC, et al. "International Standards for 

Fetal Growth Based on Serial Ultrasound Measurements: The Fetal Growth Longitudinal Study 
of the INTERGROWTH-21st Project." The Lancet 384(9946):869–879, 2014. 

JSUM 2003: 
Japan Society of Ultrasonics in Medicine. "Standardization of Fetometry and Official Announcement 

of Diagnostic Guidelines." Journal of Medical Ultrasonics 30(3):415–440, 2003. 
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Anterior Cerebral Ventricle Diameter (Anterior Horn of Lateral 
Ventricular Width) 
Snijders RJ, Nicolaides KH. "Fetal Biometry at 14–40 Weeks' Gestation." Ultrasound in Obstetrics 

and Gynecology 4(1):34–48, 1994. 

Anterior-Posterior Trunk Diameter Multiplied by Transverse Trunk 
Diameter 
Tokyo: 
Shinozuka N, Okai T, Mizuno M. "Chapter 80. Fetal Measurements." Obstetrics and Gynecology 

Shindan To Iryo Sha Inc., 1989, Vol. 56 Supplement, p. 370–380. 

Biparietal Diameter 
Hadlock FP, Deter RL, Harrist RB, Park SK. "Estimating Fetal Age: Computer-Assisted Analysis of 

Multiple Fetal Growth Parameters." Radiology 152(2):497–501, 1984. 
Hansmann M, Hackelöer B-J, Staudach A. Ultrasound Diagnosis in Obstetrics and Gynecology. 

New York: Springer-Verlag, 1986, English Edition (ISBN 0-387-15384-9); p. 176–177. 
Lasser DM, Peisner DB, Vollebergh J, Timor-Tritsch I. "First-trimester Fetal Biometry Using 

Transvaginal Sonography." Ultrasound in Obstetrics and Gynecology 3(2):104–108, 1993. 
Merz E, Wellek S. "Normal Fetal Development Profiles - A Model to Obtain Standard Development 

Graphs for the Head and Abdominal Parameters and the Long Limb Bones." Ultraschall in der 
Medizin 17(4):153–162, 1996. 

Snijders RJ, Nicolaides KH. "Fetal Biometry at 14–40 Weeks' Gestation." Ultrasound in Obstetrics 
and Gynecology 4(1):34–48, 1994. 

Rempen A. "Biometrie in der Frühgravidität (I. Trimenon) (Biometry in Early Pregnancy 
[1st Trimester])." Der Frauenarzt 32(4):425–430, 1991. 

Verburg BO, Steegers EA, De Ridder M, Snijders RJ, Smith E, Hofman A, Moll HA, Jaddoe VW, 
Witteman JC. "New Charts for Ultrasound Dating of Pregnancy and Assessment of Fetal Growth: 
Longitudinal Data From a Population-based Cohort Study." Ultrasound in Obstetrics and 
Gynecology 31(4):388–396, 2008. 

ASUM 2003: 
Westerway SC. "Ultrasonic Fetal Measurements for an Australian Population." 2003. 

Adapted from Westerway SC, Davison A, Cowell S. "Ultrasonic Fetal Measurements: New 
Australian Standards for the New Millennium." Australian and New Zealand Journal of Obstetrics 
and Gynaecology 40(3):297–302, 2000. 

CFEF: 
Créquat J, Duyme M, Brodaty G. "Biométrie 2000. Tables de croissance fœtale par le Collège 

Français d'Echographie Fœtale (CFEF) et l'Inserm U155." ("Biometry 2000. Fetal growth charts 
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