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Bringing Technology to Enteral Feeds: 
Less Art, More Science
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$V�VXUYLYDO�UDWHV�IRU�H[WUHPHO\�SUHWHUP�LQIDQWV�LPSURYH��DWWHQWLRQ�LV�
QRZ�EHLQJ�IRFXVHG�RQ�LPSURYLQJ�WKH�TXDOLW\�RI�VXUYLYDO�WKURXJK�RSWL-
mal nutritional management. Optimal nutrition during this critical peri-
RG�LQ�HDUO\�OLIH�FDQ�SRVLWLYHO\�LPSDFW�SUHWHUP�LQIDQWV¶�SK\VLFDO�JURZWK��
DV�ZHOO�DV�QHXURORJLFDO�GHYHORSPHQW��&RQYHUVHO\��VXERSWLPDO�QXWUL-
tion early in the neonatal period contributes to the accumulation of 
JURZWK�GH¿FLWV��)RU�H[DPSOH��LQIDQWV�SURYLGHG�RQO\�JOXFRVH�VROXWLRQV�
DV�QXWULWLRQ�LQ�WKH�¿UVW�IHZ�GD\V�RI�OLIH�UDSLGO\�GHYHORS�ODUJH�SURWHLQ�
DQG�HVVHQWLDO� IDWW\�DFLG�GH¿FLWV��ZLWK� WKH�VPDOOHVW��PRVW� LPPDWXUH�
LQIDQWV�VXႇHULQJ�WKH�ZRUVW�SRVWQDWDO�PDOQXWULWLRQ�����

<HW�� RSWLPL]LQJ� QXWULWLRQ� PDQDJHPHQW� LQ� WKH� 1,&8�� SDUWLFXODUO\�
through a successful progression of enteral and oral feeding of pre-
term infants, remains a major challenge for clinicians. Some feeding 
GLႈFXOWLHV�DUH�UHODWHG�WR�LPPDWXUH�JDVWURLQWHVWLQDO�V\VWHPV��EXW�IDLO-
XUH�WR�VWDUW�DQG�DGYDQFH�HQWHUDO�IHHGLQJV�PRUH�FRPPRQO\�DUH�GXH�
WR�VXVSLFLRQ�DQG� IHDU�RI�QHFURWL]LQJ�HQWHURFROLWLV� �1(&���DVSLUDWLRQ�
V\QGURPHV��DQG�RWKHU�OLIH�WKUHDWHQLQJ�HYHQWV��������0DQ\�OHVV�FULWL-
cal and unsubstantiated concerns about presumed causal associa-
WLRQV�EHWZHHQ�HQWHUDO�IHHGLQJ�DQG�DGYHUVH�FOLQLFDO�FRQGLWLRQV�IXUWKHU�
OLPLW�VXFFHVVIXO�IHHGLQJ�DGYDQFHPHQW������$V�D�UHVXOW��SUHWHUP�LQIDQWV�
commonly are subjected to delayed onset of enteral feeds, longer 
GXUDWLRQ�RI� WURSKLF� IHHGV� WKDW�SURYLGH� LQDGHTXDWH�QXWULWLRQ�� ODFN�RI�
SURJUHVVLYH�WROHUDQFH�WR�LQFUHDVHG�IHHGLQJ�YROXPHV��ORQJHU�WLPH�WR�
full enteral feeds, and longer transition times to oral feeding.

)HHGLQJ�GLႈFXOWLHV�DUH�WKH�SULPDU\�FRQWULEXWRU�WR�LQFUHDVHG�1,&8�UH-
source utilization and length of stay (LOS) and result in the prolonged 
GXUDWLRQ�RI�FHQWUDO�OLQH�GD\V��SDUHQWHUDO�QXWULWLRQ��31���DQG�LQWUD�JDV-
WULF�IHHGLQJ������DOO�OHDGLQJ�WR�DQ�LQFUHDVHG�ULVN�RI�KRVSLWDO�DFTXLUHG�
LQIHFWLRQV������� ,Q�DGGLWLRQ��FOLQLFLDQ�YDULDELOLW\� LQ� LQGLYLGXDO�SUDFWLFH�
DWWLWXGHV��H[SHULHQFH��DQG�NQRZOHGJH�FDQ�LQÀXHQFH�WKH�LPSOHPHQWD-
tion of a feeding strategy. (5)

$OO�RI�WKHVH�IDFWRUV�FRQWULEXWH�WR�VLJQL¿FDQW�YDULDWLRQ�LQ�WKH�SUDFWLFH�RI�
IHHGLQJ�LQ�WKH�1,&8�±�WKH�IHHGLQJ�VFKHGXOH��IHHGLQJ�TXDQWLW\��IHHGLQJ�
DGYDQFHPHQW��IHHGLQJ�FRQWHQWV��DQG�WKH

GHFLVLRQ�PDNLQJ� SURFHVV� IRU� IHHGLQJ�QRW� IHHGLQJ�� :KLOH� D� FHUWDLQ�
DPRXQW�RI�YDULDWLRQ�LV�WR�EH�H[SHFWHG��H[LVWLQJ�YDULDWLRQV�DUH�VLJQL¿-
FDQW�HQRXJK�WR�DႇHFW�KHDOWK�RXWFRPHV�IRU�SUHWHUP�LQIDQWV��6WDQGDUG-
izing the process for preterm infant feeding is one way to ensure the 
successful progression of enteral and oral feeding, and thus optimal 
nutrition management.

Evidence in Favor of Standardized Feeding Guidelines in the 
NICU

,Q�D�1DWLRQZLGH�&KLOGUHQ¶V�+RVSLWDO�VWXG\�DLPHG�DW�SURFHVV�RSWL-
mization, the implementation of a standardized feeding strategy 
LQ�WKH�1,&8�ZDV�VKRZQ�WR�HႇHFWLYHO\�PLQLPL]H�SUDFWLFH�YDULDELOLW\��
accelerate the attainment of enteral and oral feeding milestones, 
DQG�GHFUHDVH�/26�ZLWKRXW�LQFUHDVLQJ�DGYHUVH�PRUELGLWLHV������7R�
PRQLWRU�FRPSOLDQFH�ZLWK� WKLV�TXDOLW\� LPSURYHPHQW� LQLWLDWLYH��PXOWL-
disciplinary feeding rounds were held each week on each infant to 
SURYLGH�HGXFDWLRQ�UHJDUGLQJ�WKH�IDFWRUV�WKDW�ZHUH�KHOSLQJ�RU�LPSHG-
ing feeding progress.

&RPSDUHG� WR� SUHWHUP� LQIDQWV� ZKRVH� IHHGLQJ� VWUDWHJ\� ZDV� SUH-
VFULEHG�E\�WKH�LQGLYLGXDO�DWWHQGLQJ�SK\VLFLDQ�DQG�LPSOHPHQWHG�E\�
WKH�FOLQLFDO�FDUH�SURYLGHUV��SUHWHUP�LQIDQWV�ZKR�ZHUH�SODFHG�RQ�D�
standardized feeding program demonstrated a reduction in:

Ɣ� 'XUDWLRQ�RI�WURSKLF�IHHGLQJ�E\�����GD\V

Ɣ� 7LPH�WR�IXOO�HQWHUDO�IHHGV�E\�����GD\V

Ɣ� 7LPH�IURP�RUDO�IHHGLQJ�RQVHW�WR�RUDO�IHHGV�E\������GD\V

Ɣ� 'XUDWLRQ�RI�YHQWLODWLRQ�E\����

Ɣ� 'XUDWLRQ�RI�&3$3�E\����

Ɣ� 'XUDWLRQ�RI�31�E\�����GD\V

Ɣ� 'XUDWLRQ�RI�FHQWUDO�OLQHV�E\�����GD\V

Ɣ� /HQJWK�RI�VWD\�E\������GD\V

0RUWDOLW\��1(&�UDWHV��UHDGPLVVLRQV�ZLWKLQ����GD\V��DQG�FRPRUELGL-
ties were similar in both cohorts.

,Q� D� VLPLODU� VWXG\� FRQGXFWHG� DW� WKH�0RQURH�&DUHOO� -U�� &KLOGUHQ¶V�
+RVSLWDO�1,&8�DW�9DQGHUELOW�8QLYHUVLW\������UHVHDUFKHUV�VKRZHG�WKDW�
DGKHUHQFH� WR� D� QHZ�QXWULWLRQ� SURWRFRO� LPSURYHG� OLQHDU� DQG� KHDG�
circumference growth, reduced postnatal growth restriction, and 
GHFUHDVHG� FRPRUELGLWLHV� LQ� YHU\� ORZ�ELUWK�ZHLJKW� LQIDQWV��7KH� LQ-
cidence of sepsis and sepsis-like episodes was reduced, possibly 
DWWULEXWHG� WR�HDUOLHU�GLVFRQWLQXDWLRQ�RI� FHQWUDO� OLQHV�DQG� LPSURYHG�
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“In a similar study conducted at the 
Monroe Carell Jr. Children’s Hospital 
NICU at Vanderbilt University (5), 
researchers showed that adherence 
to a new nutrition protocol improved 
linear and head circumference growth, 
reduced postnatal growth restriction, and 
decreased comorbidities in very low birth 
weight infants.”
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QXWULWLRQDO�VWDWXV�UHVXOWLQJ�LQ�LPSURYHG�KRVW�GHIHQVHV������2WKHU�UH-
FHQW� VWXGLHV� KDYH� GHPRQVWUDWHG� WKDW� LPSOHPHQWLQJ� VWDQGDUGL]HG�
IHHGLQJ�SURWRFROV�FDQ�DOVR�LPSURYH�JURZWK�RXWFRPHV�LQ�DGGLWLRQ�WR�
UHGXFLQJ�DGYHUVH�HYHQWV��������

Strides Toward Standardization

$V� WKH� EHQH¿WV� RI� VWDQGDUGL]DWLRQ� EHFRPH� FOHDUHU� WR� KRVSLWDOV��
PDQ\� FOLQLFDO� SUDFWLFH� JURXSV� KDYH� GHYHORSHG� FRQVHQVXV�EDVHG�
HQWHUDO�IHHGLQJ�SURWRFROV�IRU�QXWULWLRQ�PDQDJHPHQW�WR�SURYLGH�HYL-

GHQFH�EDVHG�FDUH�ZLWK�OHVV�YDULDELOLW\��+RZHYHU��WR�EH�WUXO\�HႇHFWLYH��
FRPSOLDQFH�PRQLWRULQJ�DW�IHHGLQJ�URXQGV�LV�QHFHVVDU\�WR�RYHUFRPH�
the challenges of attaining feeding milestones. Educating clinicians 
DERXW� IHHGLQJ�PHWKRGV�ZLOO� DOVR�KHOS�HQVXUH� WKH�DFKLHYHPHQW�RI�
feeding-related goals. It is essential to help clinicians understand 
ZKHQ��KRZ��DQG�ZK\�WR�DGYDQFH�IHHGV�WR�DWWDLQ�WDUJHWHG�PLOHVWRQHV�

&XUUHQWO\��WKRXJK��WKHUH�LV�QR�SUDFWLFDO�ZD\�WR�HYDOXDWH�WKH�DGKHU-
ence to nutrition guidelines or assess desired feeding and nutrition-
UHODWHG�RXWFRPHV�WR�LPSURYH�WKH�SUDFWLFH�RI�FDUH��3URWRFRO�LPSOH-
mentation and management is still a manual, self-reported process. 
There was an early promise of using the electronic medical record 
�(05�� WR�VXSSRUW� UHVHDUFK�DQG�SURYLGH�FOLQLFDO�GHFLVLRQ�VXSSRUW��
EXW�WKH�UHDOLW\�LV�WKDW�(05V�KDYH�FUHDWHG�ZRUNÀRZ�GLVUXSWLRQ�DQG�
GR�QRW�SURYLGH� LQVLJKWV� UHODWHG� WR� IHHGLQJ�DQG�QXWULWLRQDO�JRDOV� LQ�
UHDO�WLPH��)XUWKHUPRUH��PDQ\�FOLQLFDO�SUDFWLFH�JURXSV�HQG�XS�ZLWK�D�
wealth of collected data and no tool or process to mine the data for 
XVHIXO�LQVLJKWV�WR�EHQH¿W�WKHLU�SDWLHQWV�

NICUtrition®: Digital Tools to Standardize Feeding and Opti-
mize Nutrition for Preterm Infants

7R�RYHUFRPH�WKH�FKDOOHQJHV�RI�PDQXDO�VWDQGDUGL]DWLRQ��XQGHUVWDQG�
protocol adherence or lack thereof, and to gather useful insights 
IURP� IHHGLQJ�GDWD�� FOLQLFDO� SUDFWLFH� JURXSV� FRXOG� EHQH¿W� IURP�DQ�
RSHUDWLRQDO�WRRO�WR�PRUH�HႇHFWLYHO\�LPSOHPHQW�D�KRVSLWDO¶V�IHHGLQJ�
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Figure 1. NICUtrition® Analytics Reporting Screenshot: A NICU departmental snapshot of protocol compliance, feeding metrics, and growth 
milestones.

NICUtrition® Analytics: Measurement, Insight, and Assessment of Feeding Protocols
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protocol and promote compliance.

1,&8WULWLRQ��E\�$VWDUWH�0HGLFDO�VXSSRUWV�IHHGLQJ�SURWRFROV��IHHG-
LQJ�SUDFWLFH��DQG�GHFLVLRQ�PDNLQJ�LQ�WKH�1,&8�ZLWK�D�VXLWH�RI�GLJL-
tal tools designed to standardize feeding and optimize nutrition for 
SUHWHUP�LQIDQWV��1,&8WULWLRQ��XVHV�D�KRVSLWDO¶V�IHHGLQJ�SURWRFRO�DQG�
FUHDWHV�D�UXOHV�HQJLQH�EDVHG�RQ�WKRVH�JXLGHOLQHV�� ,W�SURYLGHV�IRU�
structured documentation of the reason(s) why protocols are not 
being followed, which today is either not captured or is buried in 

ÀRZVKHHW�QRWHV��1,&8WULWLRQ��KDV�EL�GLUHFWLRQDO�LQWHJUDWLRQ�ZLWK�D�
KRVSLWDO¶V� (05� VR� WKDW� GXSOLFDWH� GRFXPHQWDWLRQ� LV� QRW� UHTXLUHG��
:LWK�WKH�DELOLW\�WR�LQWHJUDWH�WKURXJK�)+,5�VWDQGDUGV�RU�(SLF¶V�$SS�
Orchard, implementation of this digital tool is much simpler than 
FXVWRP�LQWHJUDWLRQ�SURMHFWV�RU�(05�UHSRUWV�ZLWK�PDQXDO�UHYLHZ�

7KH�1,&8WULWLRQ��VXLWH�FXUUHQWO\�FRQVLVWV�RI�1,&8WULWLRQ��$QDO\WLFV�
±�DQ�DXGLW�DQG�PRQLWRULQJ�WRRO�IRU�SURWRFRO�FRPSOLDQFH�±�DQG�1,&-
8WULWLRQ��*XLGDQFH�±�D�UHDO�WLPH�IHHGLQJ�GHFLVLRQ�VXSSRUW� WRRO� WR�
standardize the practice of feeding and reduce documentation time.

%\�H[WUDFWLQJ�D�KRVSLWDO¶V�KLVWRULFDO�IHHGLQJ�GDWD��1,&8WULWLRQ��$QD-
O\WLFV��)LJXUH����PHDVXUHV�DGKHUHQFH�DQG�FRUUHODWHV�LW�WR�RXWFRPHV��
$V�D�RQH�WLPH�DXGLW��$QDO\WLFV�FDQ�LGHQWLI\�D�KRVSLWDO¶V�KLVWRULFDO�OHY-
HOV�RI�DGKHUHQFH�WR�SURWRFROV�DQG�SURYLGH�D�EDVHOLQH�WR�PHDVXUH�
FRPSOLDQFH�DQG�RXWFRPHV��EULQJLQJ�WR�OLJKW�DUHDV�IRU�LPSURYHPHQW�

1,&8WULWLRQ��$QDO\WLFV� DOVR� FDQ� SURYLGH� FRQWLQXRXV� LQVLJKWV� LQWR�
reasons why feeding protocols are not adhered to or why mini-
PDO�RXWFRPHV�DUH�DFKLHYHG�GHVSLWH�DGKHUHQFH�WKURXJK�UHDO�WLPH��
ongoing monitoring of protocol adherence correlated with patient 
outcomes. This information enables clinical teams to continuously 
HGXFDWH�DQG�WUDLQ�WKHLU�VWDႇ�RQ�HVWDEOLVKHG�SURWRFROV�DQG�PDNH�WKH�
DSSURSULDWH� DGMXVWPHQWV� DV� QHHGHG� WR�PHHW� H[SHFWHG� RXWFRPHV�
PRUH�HႇHFWLYHO\�

,Q� DGGLWLRQ�� E\� VWUHDPOLQLQJ� DQG� VWDQGDUGL]LQJ� GDWD� H[WUDFWLRQ��
WKH�$QDO\WLFV� WRRO�SURYLGHV�DQ�HႈFLHQW�DQG�FRVW�HႇHFWLYH�ZD\� IRU�
KRVSLWDOV�WR�PHHW�TXDOLW\�FROODERUDWLYH�UHSRUWLQJ�UHTXLUHPHQWV��OLNH�
9HUPRQW�2[IRUG�1HWZRUN���,W�DOVR�DOORZV�KRVSLWDOV�WR�FRPSDUH�WKHLU�
RXWFRPHV�DQG�TXDOLW\�PHWULFV�WR�RWKHU�DSSURSULDWH�SHHU�1,&8V�DW�D�
PRUH�JUDQXODU�OHYHO�WKDQ�ZKDW�LV�FXUUHQWO\�FRPSLOHG�E\�PRVW�TXDOLW\�
FROODERUDWLYHV��KHOSLQJ�WR�UDLVH�WKH�VWDQGDUG�RI�FDUH�DPRQJ�KRVSLWDO�
QHRQDWDO�LQWHQVLYH�FDUH�XQLWV�

Figure 2 NICUtrition® Guidance Screenshot: prospective feeding plan based on the hospital’s own enteral feeding protocol shown in an interac-
tive dashboard to chart feedings and view historical data.

NICUtrition® Guidance: Striking a Balance Between Standardized and Personalized Care

“ In addition, by streamlining and 
standardizing data extraction, the 
$QDO\WLFV�WRRO�SURYLGHV�DQ�H௻FLHQW�
DQG�FRVW�H௺HFWLYH�ZD\�IRU�KRVSLWDOV�WR�
meet quality collaborative reporting 
requirements (like Vermont Oxford 
Network). It also allows hospitals to 
compare their outcomes and quality 
metrics to other appropriate peer NICUs 
at a more granular level than what is 
currently compiled by most quality 
collaboratives, helping to raise the 
standard of care among hospital neonatal 
intensive care units.”
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Can Standardized Care Also Be Personalized Care?

6WDQGDUGL]HG� SURWRFROV� DORQH� DUH� LQVXႈFLHQW� LI� WKH\� GR� QRW� DOVR�
DOORZ� IRU� VRPH�GHJUHH�RI� SHUVRQDOL]DWLRQ� WR� WKH� VSHFL¿F� SUHWHUP�
LQIDQW��6WDQGDUGL]DWLRQ�DQG�SHUVRQDOL]DWLRQ�GR�QRW�KDYH�WR�EH�PXWX-
DOO\�H[FOXVLYH�DQG�FDQ�FRPSOHPHQW�HDFK�RWKHU��6WDQGDUGL]DWLRQ�FDQ�
HQKDQFH� SHUVRQDOL]DWLRQ� E\� VXSSOHPHQWLQJ� SK\VLFLDQ� H[SHULHQFH�
and reducing guesswork for clinicians. In fact, standardizing care 
DQG�PHDVXULQJ�RXWFRPHV�HQDEOHV�SURYLGHUV�WR�FUHDWH�SHUVRQDOL]HG�
WUHDWPHQW�SODQV�IRU�SDWLHQWV�E\�WDNLQJ�D�YDULHW\�RI�IDFWRUV�LQWR�DF-
count, such as outcomes for similar patients.

1,&8WULWLRQ��*XLGDQFH� �)LJXUH���� LV�D� UHDO�WLPH� IHHGLQJ�GHFLVLRQ�
support tool to standardize practice and reduce documentation time 
of feedings, while also allowing for patient personalization. It is an 
LQWHUDFWLYH��EHGVLGH�GDVKERDUG� WKDW�� IRU�HDFK� IHHG��SUH�SRSXODWHV�
KRZ�WKH�LQIDQW�VKRXOG�EH�IHG�EDVHG�RQ�WKDW�LQVWLWXWLRQ¶V�FOLQLFDO�SUDF-
WLFH�JXLGHOLQHV��,W�SURYLGHV�RQH�FOLFN�DSSURYDO�LI�WKH�SURWRFRO�LV�EHLQJ�
IROORZHG��EXW�DOVR�DOORZV�IRU�DOWHUDWLRQV�DQG�QRWDWLRQV�E\�WKH�1,&8�
WHDP��LQ�D�VWUXFWXUHG�IRUPDW��EDVHG�RQ�REVHUYDWLRQV�RU�RWKHU�LQGL-
FDWRUV��7KH�*XLGDQFH�WRRO�HQVXUHV�FRQVLVWHQW�GHOLYHU\�RI�FDUH�E\�
SUHVHQWLQJ�SURWRFROV�LQ�DQ�LQWXLWLYH�IRUPDW��UHGXFLQJ�WKH�SRVVLELOLW\�
RI� LQGLYLGXDO� LQWHUSUHWDWLRQ�RI� WKH�SURWRFROV�±�SURYLGLQJ� WKH�ZKHQ��
how, and why to the clinical team in a structured format that can be 
analyzed without the need for a costly data study.

7KH�1,&8WULWLRQ��VXLWH�RI�GLJLWDO�SURGXFWV�SURYLGHV�D�PRUH�HႇHF-
WLYH�ZD\�WR�LPSOHPHQW�DQ�LQVWLWXWLRQ¶V�HVWDEOLVKHG�IHHGLQJ�JXLGHOLQHV�
DQG�VHUYHV�DV�D�XVHIXO�WRRO�LQ�SURYLGLQJ�LQVLJKWV�LQWR�LQGLYLGXDO�LQIDQW�
IHHGLQJ�PHWULFV�DQG�QXWULWLRQ�UHODWHG�JRDOV��DV�ZHOO�DV�1,&8�ZLGH�
results.

Standardized and Personalized Feeding: Helping Preterm In-
fants Survive and Thrive

%\�RSWLPL]LQJ�QXWULWLRQ�WKURXJK�ERWK�VWDQGDUGL]HG�DQG�SHUVRQDOL]HG�
feeding strategies, a real impact can be made in the most critical 
WLPH�RI�JURZWK�IRU�SUHWHUP�LQIDQWV��0RYLQJ�DZD\�IURP�PDQXDO�SUR-
FHVVHV�WR�GLJLWDO�WRROV�FDQ�PRYH�WKH�QHRQDWDO�QXWULWLRQ�¿HOG�IRUZDUG�
DQG�SURYLGH�D�PHDVXUDEOH�EHQH¿W�WR�DOO�VWDNHKROGHUV���DGPLQLVWUD-
tors, physicians, nurses, and, most importantly, our tiniest, most 
YXOQHUDEOH�SDWLHQWV�
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