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INTRODUCTION 

This booklet has been prepired to assist the :inysicians and nurses caring 

for newborn infants in the State of Iowa. The items discussed were determined 

on the basis of need (hospital survey) and are discussed from the standpoint of 

the ability of the individual hospitals (any size ) to render the care indicated. 

We feel that a reasonable adherence to the guidelines for neonatal care 

will insure an adequate standard of care for all infants in the State of Iowa. 

These guidelines are presented with no associated regulatory authority. 

Since the plysicians and nurses practicing in Iowa hospitals are all health care 

professionals, we do not feel that regulatory measures are required to insure 

adequate care. 

Herman A. Hein, M.D. 
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1. NEWBORN EXAMS: We strongly encourage physicians to do a newborn as 

well as a discharge exam on each infant. Due to the marked changes that take 

place in the first days of life, we feel the discharge exam is particularily 

warranted, For example, a newborn may have good femoral pulses at birth , 

however, when examined on the third or fourth day the pulses are no longer 

palpable, This situation is created by a coarctation of the aorta that was 

previously being fed by a ductus arteriousus. When the ductus closes, the 

blood supply distal to the coa.rctation is markedly decreased, 
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PHYSICIAN'S RECORD OF NEWBORN INFANT 
THIS FORM NOT ACCEPTABLE AS A PERMANENT 
RECORD UNLESS PROPERLY FILLED OUT 

( ) Male Color Hosp. No. 
( ) Female child of ---- < )W 

(Family name) (Mother's given name) (Infant's given name) ( ) non-W 

Mo. Day Year Time : Weight Length Chest Head Attending physician 
BIRTH : __ a.m. c1rc. circ. 

- - - -- - __ p .m. lbs. oz. inches 

*Code each item as follows: 

~ No abnormality ADMISSION EXAMINATION DISCHARGE EXAMINATION 
Abnormality (describe 
abnormal findings 

Code* Description of abnormal findings Code • Description of abnormal findings objectively) 

1. GENERAL APPEARANCE 
(maturity, activity, tone, 
cry, color, nutrition, edema) 

2. SKIN 
(icterus, rashes, 
hematoma) 

3. HEAD, NECK 
(molding, caput, cranio-
tabes cephalohematoma) 

4. EYES 
(abnormalities, conjunc-
tiva . red reflex) 

5. EARS, NOSE & THROAT 
(lips, gums, palate) 

6. THORAX 
(including breast 
hyper! rophy) 

7. LUNGS 

8. HEART 
(including femoral" pulse) 

9. ABDOMEN 
(including umbilicus) 

0-. GENITALIA 
(testes, circumcision; 
meatus, discharge) 

Ill. ANUS 

2. TRUNK AND SPINE 

13. EXTREMITIES 
(including cla\'icles and 

abduction of hip joints) 

[4. REFLEXES 
( Moro, grasp. sucking, 
swallowing) 

Impression at admission: Impression and discharge diagnosis: 

Date Time Physician ·s signature Date Time Physician ·s s ignature 
(OVER) 
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PHYSICIAN'S RECORD OF NEWBORN INFANT - (reverse side) 

PHYSICIAN'S ORDERS 

Orders Doctor's Nurse's Time Date Signature Signature Checked 

PROGRESS NOTES 

Date 
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2. WARMTH, The most critical time for the maintance of the neonate's 

normal body t}mperature is immediately post deli very and for the following 8 

hours. The chilled infant is clearly at risk for a hypoglycemia episod.e, 1 

Newborns have poor temperature control and are frequently not able to main-

tain their body temperature. The temperature drops --'>" Blood PH drops - -

causing acidosis ---;> Blood sugar drops ) (Hypoglycemia commonly leads 

to CNS damage). 

How does cooling occur: 

Deli very Roorn-

1. The infant is set aside while the mother is cared for 

2. Prolonged length of stay in the delivery suite 

J. Procedures on the infant are done too soon (ex: circumcision 
in DR) 

Nursery-

1. Bathing of the infant is done too soon - has to look nice 
for Mom and Dad! 

2. Baby is taken from the heated environment prior to being 
stabilized 

We feel that the baby should not be bathed until he has a chance to 

stabilize, therefore, no earlier than 8 hours after delivery. It can be safely 

stated that there are no real indications medically for bathing newborn infants, 

and in fact, the first bath is done early to please the parents. Indeed 

chilling is a very important factor but also the fact that the baby's protective 

vemix is removed should not be taken lightly. We agree that excessive amounts 

of blood and meconium should be removed, and an infant born with foul smelf ing 

amniotic fluid should be cleansed, but until the baby has stablized we see no 

use for any further cleansing. 
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There haa been considerable controversy over the use of phisohex for 

newborn bathing. The FDA ruling has clearly put the burden of responsibility 

on anyone who wants to use this preparation routinely. There is a growing 

accumulation of evidence that would seem to support a single phisohex bath 

as a reasonable effort to reduce Staphylococcal colonization in the newborn. 

However, until further evidence is presented, we feel that the most reasonable 

approach is to delete the use of phisohex in the care of the routine newborn 

infant, In general, good handwashing techniques of personnel caring for infants, 

(i,e, wash between infants), proper gowning, and the use of common sense will 

generally preclude Staphylococcal epidemics from the newborn nursery. 2 

There is no point in doing circumcisions in the delivery room other than 

for the convenience of the fhysician, Delivery rooms are generally cold and 

there is considerable concern with the ability of even the best overhead. 

warmer to keep the immediate newborn adequately warm when a procedure is per

formed in the delivery room. Futhermore, we really do not know in that first 

hour or so of life if this youngster might be thrombocytopenic, or might have 

some other problems with a hemorrhagic disease, and for this reason, also, we 

would discourage early circumcisions. 

The importance of providing environmental warmth to minimize loss of 

body heat cannot overemfhasized, At birth, a major cause of heat loss is 

the evaporation of amniotic fluid that covers the infant's skin, He must 

therefore be dried rapidly, preferably by another individual, while the nurse 

removes sevretions with a bulb syringe, Wrap a.nd rub the infant dry in a warm 

warm blanket and place . him in a heated area, Avoid undue exposure to room 

air because any chilling rapidly lowers the body temperature and increases the 

need for oxygen, The provision of wa.rm, moist oxygen is important, Do not 



1"' 

I 
I 
I 
I 
I 
I 
I 
I 
~ 

I 
I 
I 
I 
I 
I 
I 
I 
~ 

use cold oxygen, if possible, because with a stressed infant, the thermal 

skin receptors in the face are more responsive to environmental temperature 

change than those in any other pa.rt of the body. (Cold oxygen will cause 

accelerated chilling.) 

Do not leave the baby in the delivery room too long. Transport of the 

baby to the nursery must be rapid. He should be wrapped in a warm blanket 

and carried to the nursery. 

1 Pagliara, Anthony, MD, et al, "Hypoglycemia in Infancy and Childhood, 
Part I", The Journal of Pediatrics, March 1973, Vol. 82, No. 3, p. 365 - 379. 

2 • I 

"American Academy of Pediatrics, Committee on Fetus and Newborn State
ment"1 Hexachloro:i;nene and Skin Care of Newborn Infants, Newsletter Supplement, 
January 1, 1972. Also, Pediatrics, Vol. 52, No, 2, August 1973, p, 264. 
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Newsletter Supplement - January 1, 1972 

COMMITTEE STATEMENT 

Committee on Fetus and Newborn 

American Academy of Pediatrics 

HEXACHLOROPHENE AND SKIN CARE OF NEWBORN INFANTS* 

Th0 question of safety has b0cn 
rais0d by the recent cvid0ncc that 
lcn·cls of hcxachlorop!1cne in the 
blood of newborn infants receiving 
daily baths with u 3% solution arc 
close to le,·els which :ire neurotoxic 
for adult rats.l Hexaehlorophenc is 
widely used in newborn nurseries, 
but techniques vary cons idernbly; 
they range from meticulous, double, 
early bathing followed by daily 
baths,2 to alternate day washing with 
a diluted solution followed by rinsing 
off. 

With chronic oral administration, 
blood levels associated with leg 
weakness progressing to paralysis in 
the adult rat ham ranged from 0.985 
to 1.48 p.p.m.J Toxic manifestations 
have not been obserYed nor recog
nized in newborn infants with "me
ticulous" daily washing. The chemi
cal is readily absorbed from the ·skin, 
resulting in blood levels of 0.009 to 
0.646 p.p.m. 1 The compound is ex
creted as a monoglucuronide in the 
bile and feces. Convulsions have 
been reported in an infant 4 days 
after repeated application of the 3% 
emulsion to the skin without sub
sequent rin,;ing; 4 and, toxic mani
festations ha,·e been observed in 
bum patients, but at re lati ,·ely high 
serum leYels (~9 >1g/ ml), after de
nuded a~eas ha,·e been washed with 
hexachlorophene. 

It i,; not known whether or not this 
substance a,; currently used on in
fants i,; toxic .. .\lthough the symptoms 
,1bsen·cd i:1 adult 1:mn and adult rats 
are similar, the actual blood levels 
at which symptoms are produced in 
r::an appear to be much higher. 
Symptomatology in the rat with chron
ic oral administration was accom-

p:rnied by brain lesions, cerebral 
edema, and cystic spaces in the 
white matter of the brain; these 
lesions were reversible over a period 
of 6 weeks when hcxachlorophenc 
was discontinued . 3 Similar · lesions 
have been produced in experimental 
intoxication of monkeys following 
both subcutaneous administration and 
application of hcxachlorophcne to the 
skin . 5 The animals did not demon
strate abnormal neurological signs 
~ven with plasma levels of 3.1 pg/ml, 

ilthough papilledema was found at 
1utopsy in some instances. It is not 
,:>resently known whether the \es ions 
are reversible when hexachlorophcne 
is discontinued. 

For a number of reasons, it appears 
that, at this time, there is little 
justification on microbiological 
grounds for routine, da:;y hexachlor
ophene baths for the newborn infant. 
With the "meticulous" techniques, 
the rate of colonization with coagu

lase-pos itive staphylococci and the 
incidence of skin lesions is re
duced. 2•6•7 However, there is no 
documented experience where this 
technique has a rrested a serious 
nursery epidemic. It is also well es
tablished that the use of hcxachloro
phene increases colonization with 
gram-nega tive organisms 8 ,9 as well 
as the incidence of gram-negative 
disease.9 Finally, for reasons that 
have not been defined, the problem 
of serious staphylococca l disease in 
the nursery has not been of major 
importance during the last 5 years, 
as it was 10 to 15 years ago, whether 
or not hexachlorophene has been used 
for skin care of newborn infants. 

Until further evidence is forth
coming, the Committee feels that the 

followin;; cautionary warnmg 11, 

appropriute: 

WARNING: The safety of daily 

bathing of infants with hexo• 

ch lorophene-con ta in i ng solutions 

hos not been established. C:laod 

levels found in newborn infants 

bathed doily in 3% hexachloro• 

phene solutions hove been shown 

to approach levels known to be 
ncurotoxic in experimental oni· 

mols . Therefore, the use of 

hcxochlorophene for total body 

bathing of newborn infants in 

hospital nurseries or at home is 

contra indi coted. 

RECOMMENDATIONS 

At present the Committee recom
mends dry ~kin care; washing with 
plain, nonmedicated soap and tap 
water; or washing with tap water 
alone for skin care of the newborn 
infant. It should be emphasized that 
the two most irr.portant factors in the 
transmission of infection from infant 
to infant are hand contact and breaks 
in technique. These factors can be 
minimized by scrupulo'Js hand wash
ing before entering the nursery as 
well as just before and just after 
handling each infant. Either iodophor 
preparations or 3% hcxachlorophene 
emulsion are recommended for hand 
washing. IO 

REF ER ENCES 
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f * Reprinted with the permission of the publisher and author 
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THERMOREGULA TION 

M.rn shares with other homcothcrtnic animals the ability to mainta in 
his internal body temperature in the face of a cooler environmental one. 
To do so requires the generation of heat which is reflected in and can be 
readily measured as oxygen consumption. The so-called " neutral zone" of 
ambient (environmental) temperature is defined as the zone at whi c h 
oxygen consumption is minimal yet sufficient to maintain body tempera
ture. For adult man this zone ranges from 25 to 30"C. , i.e. , slightly above 
that of the temperature of a normal room. In the newborn infant the zone 
is higher and narrower (32 to 34°C.). Lowering the environmental tem
perature even slightly below this range results in a steep rise in oxyg·en 
consumption."· .,; an increase which can only be met by increasing min
ute ventilation. 

For the infant with respiratory distress, already breathing at rates 
exceeding 100 per min ., this increased demand may be impossible to 
meet and can on occasion prove to be the final stimulus precipitating res
piratory failure. Conversely, the inability to meet this demand because of 
his respiratory impairment also results in an easy tendency to hypother
mia. as e,·idenced clinically by a falling body temperature with increased 
requiremL'nts for external heat in an effort to maintain it. 

In the attempt to maintain a minimal yet satisfactory metabolic rate, 
attention must be paid to thermal factors other than the temperature of 
the ~'11\'ironment. Evaporative heat loss from the lungs (see above) and 
skin can to some extent be reduced by providing adequate humidity. Con
,·ecch·e heat losses due to air currents are to be avoided (a major source of 
such losses are injudiciously used air conditioners in a nursery), as are 
conducth·e losses. Placing a newborn infant directly on a cold steel 
delivery table . wrapped in a wet towel. is an example of this avenue of 
heat loss. Finally it must be remembered that radiant heat loss is inde
pendenc of the air temperature . and thus placing the infant too close to a 
cold outside wall will result in large heat losses even in the face of an 
adequate temperature inside the incubator. 

A major source of cold stress often ignored is the administration of 
oxygen. lJ nless humidified and hea ted, either via the incubator or a 
warmed humidifier. oxygen from a wall or tank source is both cold and 
dry. Moreover it has been clearly shown that the administration of such 
cold. unhumidified oxygen over the forehead or rrigeminal a rea (via a 

* Reprinted with the permission of the publisher and 
author. 
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fan• mask) will r!'sult in largl' ill<.'l'l';\Sl'S ill oxygen COllSlllllption CV('n 
wlwn till' rest of th!' body is kept at adcquat<"ly warm conditio11s.'·"· '"1 

Thl' 11wtaholk n·sults of hypothermia may hav<' additional dctrinicn
tal l' ffccts on tlw i11fo11t. Exposure to cold rC'sults in a rise in scrum non
l'Stl'ritit•d fatty acids , NEF/\).'" which ar<' in turn competitiv1• anions for 
albumin binding sites with biliruhin." · , ; i a ckra11gcnl<'nt which can ul 
timatdy ha\'c serious t•ll'ccts in the induction of kernicterus at low levels 
of hiliruhin tsc<.' below ). The N EF /\ increase on cold exposure is mediated 
in tlw newborn by the release of norcpincphrine_n, . 711 This release of 
norcpincphrine has been implicated as a causative mechanism in the 
lowering of arterial Po~ levels in normal infants exposed to a cool environ 
mental temperature/~ with the suggestion that the vasoconstrictive e f
fect of norepincphrine in the lung would increase the amount of lun g 
··shunting .. with resultant disturbances in the V/Q ratio (see a bove). The 
menace of such a mechanism for the infant with the respira tory distress 
syndrome who is already handicapped by a severe ventilation/pe rfusion 
abnormality with a large "shunt" is obvious. 

Severe hypothermia results in vasoconstriction and ultima te ly in 
acidosis. Moreover the hypothermic baby may become profoundly hypo
glycemic.•s presumably as a result of the known inverse NEFA-glucose 
relationship.~• The hypoglycemia occurring under such circumstances is 
often resistant to correction with intravenous glucose alone until the in
fant is rewarmed. Because of this, true glucose levels, either clinically or 
experimentally, nC'ed always to be measured with the infant at ther
moneutral conditions. 

Symposium on Pediatric Pharmacology, "Therapy of the 
Respiratory Distress Syndrome", Stem, Leo, MD, 
Pediatric Clinics of North America, Vol. 19, No. 1, 
February, 1972, p. 221-2J9. 
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3. VITAMIN K: The newborn appears to have limited stores of vitamin X 

at birth. If additional Vitamin K is not supplied these stores may be exhausted, 

with resulting cessation of hepl.tic synthesis of the prothrombin complex. Thereby, 

the normally low levels of factor II, VI I, IX, and X may be severely compromised, 

These clotting factors disappear from plasma in accord wi th their half-times: 

factor II, 2 to 5 days; factor VII , 2 t o 6 hours; f actor I X, 1 day; f actor X, 

1 to 2 days. In line with these decay rat es, the greatest r i sk of hemorrhage 

occurs between 2 and 7 days of life. The most frequent sites of bleeding are 

the skin and mucous membranes, pl.rticularily the gastrointestinal tract, Pro

longed bleeding f~llowing circumcision or from skin puncture to obtain routine 

capillary blood samples may be isolated signs of hemorrhagic disease, or there 

may be fulminating, generalized bleeding, 

Hemorrhagic disease of the newborn as a result of vitamin K deficiency is 

relatively uncommon today because most newborn infants receive prophylactic 

intramuscular injection of vitamin K immediately after birth, A single dose 

of 1 mg, in the full term infant and½ mg, is adequate for the premature infant 

of less than 5 lbs, 3 

We strongly encourage each physician to institute ap:>licy of routine 

administration of vitamin K1 oxide to all newborns, Preparations of vitamin 

K1 oxide currently available are AquaMephyton, Konakion, Synkamin, and 

Mephyton Vi ta.min K-1, 

.J Pediatric Clinics of North America, November 1972, p. 1033 - 1034. 
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NEONATAL VITAMIN K DEFICIENCY 

Neonatal Vitamin K Deficie ncy: "Hemorrhagic Disease of the 
Newborn" 

The newborli appears to have limited stores of vitamin Kat birth. If 
additional vitamin K is not supplied these stores may be exhausted, with 
resulting cessation of h epatic synthesis of the prothrombin complex. 
Thereby. (he normally low levels of facto r II, VII, IX, and X may be 
se,·ere!y accentuated. These clotting factors disappear from plasma in ac-

JO:H (.',\~11'IIFl.1. \\' . l\kl\111 .1.AN. i\Nl)llFW f-:. Wi-:1s s. ANI> i\ . MYllON .l<>IINSON 

cord with tlwir hiologic half-timl's :'· '''' factor II. 2 to :1 days; factor VII, 2 
to c; hours; fal'lor IX. I day; factor X. I to 2 days . 1 n lint• with thl'sc decay 
rates.th<' gn;att·st risk of lwmorrhagl' o<-curs l){'t w1·1·11 2 and 7 days of lifr . 
Th<' n1ost fn·quent sites of hlel'ding an' the skin and mucous nwmhrancs, 
particularly the !,!.astrointestinal tract. Prolonged bleeding following cir
cumcision or from skin puncture to obtain routine capillary blood sam
ples may be isolat<'d signs of hemorrhagic disease. or tlwre may be ful
minating. generali:1.cd bleeding. 

Hemorrhagic disease of the newborn as a result of vitamin K defi
ciency is relatively uncommon today because most newborh infants re
ceive prophylactic intramuscular injection of vitamin K immediately 
after birth. A single dose of 1 mg. is effective and entirely sufficien!J High 
doses of synthetic vitamin K have been associated with hemolytic anemia 
and significant hyperbilirubinemia, particularly in premature infants."' 
Treatment of hemorrhage caused by vitamin K deficiency, usually . as
sociated with omission of prophylaxis, consists of intravenous injection 
of a single I mg. dose of vitamin K, . The response to therapy is dramatic, 
with cessation of bleeding within 1 to 2 hours and substantial correction 
of clotting abnormalities within 24 hours. 

** PEDIATRIC CLINICS OF NORTH AMERICA, November 1972, 
p. 1033-1034 

* Reprinted with the permission of the publisher and author. 
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4. VITAL SIGNS AND NURSES CHARTING: We strongly encourage frequent 

observations and attempt to familiarize nurses with a problem oriented 

approach to the newborn, recording things that really a.re significant in the 

child's course, and simply not to record that he had a "good 8 hours". 

All newborn infants should have specific, timed observations. The first 

8 hour segment of life is a very critical time during which the i nfant i s 

stabilizing1 Frequent observations should be noted and charted hourly on 

each infant for a period of 8 hours and then every 4 hours for the duration 

of the infant's hospital stay. This is important, not only from the stand

point of the infant but also to establish a resonable medio-legal record. 

There a.re 6 major observations that require notation: 

1. Heart rate at rest 

2. Respiratory rate at rest 

J. Character of respirations 

4. Color 

5. Temperature 

6. Infait's behavior - (active, alert, moves all extremities, good 

suck, irritable, lethargic, and high pitched cry, etc.) 
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5. EYE CARE, The instructions for eye care are essentially routine. 

We find most hospitals are using the Crede method with silver nitrate. 

Ilotycin, also, is frequently used. We want to emJ:hasize that the instill

ation of 1% silver nitrate solution into both eyes should be within the first 

hour after birth. The Committee on Oplthalmia Neonatorum does not recommend 

% 
4 

irrigating the eye after instillation of l'"'o silver nitrate. 

4 A Statement by the NSPB Committee on OI,'hthalmia Neonatorum , Cont rol 
of OJtithalmia Neonatorum. Copyr-lght 1973 by the National Society for the 
Prevention of Blindness, Inc. 

■ 
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Prophylaxis 

The Committee recommends continued use of I% silver 
nitrate in single-dose containers as the prophylactic 
agent of choice. Because there is concern about the re
mote possibility that babies might develop a sensitivity 
to any antibiotic that might be used, and because use 
of antibiotics might encourage the colonization of 
antibiotic-resistant organisms in babies in a nursery, 
their routine use as prophylactic agents is inadvisable 
until further research produces more precise informa
tion than is presently available.* 

The Committee urges that cervical cultures from all 
expectant mothers be taken for the detection of an 
asymptomatic gonococcal infection. 

Treatment 

The Committee recommends the prompt culturing for 
gonococci as well as prompt treatment of any ocular 
infection or other inflammation in the newborn. Anti
biotics may be used for treating infection. The import
ance of reexamination of the baby after hospital dis
charge when any inflammatory condition or infection 
has been detected or suspected is emphasized. 

Proper Instillation of Silver Nitrate 

Gonococcal ophthalmia neonatorum can usually be prevented 
by the proper application of the Crede prophylaxis . This proce
dure calls for the instillation of I% silver nitrate solution into both 
of the infant's eyes within the first hour after birth. The Commit
tee on Ophthalmia Neonatorum stresses the importance of per
forming the instillation so that the silver nitrate reaches all parts 
of the conjunctiva! sac. This can be accomplished by careful 
manipulation of the lids with the fingers to insure spreading of 
the drop. If the medication strikes the lids and lid margins only 
and fails to strike the cornea, the instillation should be repeated. 
If the Crede prophylaxis is properly performed, a mild chemical 
conjunctivitis should result. The Committee on Ophthalmia 
Neonatorum does not recommend irrigating the eye after instilla
tion of I% silver nitrate. 

• Nothing is presently known ahoul the production of resistant strains of gonococcus 
and other orgam,ms tn nurseries as a result of the use of antibiotics for prophylaxis. 
This lack of knowledge and the impracticabili ty of having fresh solutions of the a ntibiotics 
always at hand cannot be ernphasi1ed too strongly. 

SPRING 1973 
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Failure of this method to prevent infection can occur es pecially 
if an infected mother's membranes rupture prematurely, expos
ing the baby's eyes to infection for hours or days prior to delive ry. 
Since ophthalmia may also be a manifestation of neonatal 
sepsis, one should be alert to this possibility to insure prompt 
recognition and vigorous treatment. 

Another important type of ophthalmia neonatorum, inclusion 
conjunctivitis, is not preventable by the Crede prophylaxis, nor 
does silver nitrate affect staphylococci and other types of infec
tious agents causing conjunctivitis in the newborn. 

Legislative Requirements* 

The use of a prophylactic agent in the eyes of all newborn babies 
is required by law or regulation in 47 states and the District of 
Columbia. In the remaining three states, the requirement is 
limited as follows: "to births attended by midwives;" and "to cases 
in which the presence of disease is suspected." The regulations 
in these states also direct the "State Department of Health to 
furnish free prophylactic." In 10 states, the requirement may be 
waived if parents object. 

Silver nitrate is the only prophylactic agent specified or ap
proved for use in 15 states; in 33 states and the District of Colum
bia. silver nitrate or "other equally effective agent" may be used. 
In two states. a particular prophylactic agent is not designated . 

Reporting 

The Committee recommends that all physicians and hospita ls 
be required to report their gonorrheal ophthalmia neonatorum 
cases to state or local health departments, or both, so that in
cidence data may be obtained to determine the effectiveness of the 
control measures. 

• .-\ summary ,,f the I.ms and regulations rt'4uiring use of a prophylact ic fo r 1he pn:, en-
11,,n ,,r ,,ph1halmia nennaw rum. in dkct as of August 1961!. is avai lahle from 1he :\a
lll>nal S,,ri<·t~ for the Pre,·ention ,, r Blindness . Inc .. 79 Madiso n AYenue . '.\iew York. 
'\e" Y ,,rk IOO I<,, 

THE SIGHT-SAVING REVIEW 
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6. EARLY FEEDINGS: Many hospital s are offer i ng newborns their •first 

feedings relatively late, We realize that the =F8ason f or this is the fear 

of aspiration. Very few babies stand the r isk of as pir a tion, and those babies 

can be hand picked prior to feedi ng, We are talking , of course, about the 

immature infant who is not capable of sucking , I f this baby cannot suck, if 

he cannot tolerate gastric tube feedings, we thi nk t hat he probably shouln 

be referred to a center where intravenous therapy can a liment him for a 

resonable period of time, The infant with excessive mucous should also 

have special attention since esophageal atresia should be ruled out prior to 

the first feeding. 

-

The importance of the prevention of hypoglycemi a can not be over stressed, 

This is indeed our main objective in encouraging the early feeding or other

wise providing for a source of glucose for the newborn i nfant, The newborn 

is deficient relative to glucose stores, He has very little liver glycogen 

to convert to glucose. Immature babies have the most profound problem in 

this regard. We find there is no advantage and great potential harm in delayi ng 

the first feeding beyond 4 hours. 5 

5 Pagliara, Anthony, MD, et a l , "Hypoglycemia in Infancy and Childhood, 
Part I", The Joumal of Pediatrics, March 1973, Vol. 82, No. 3 , p, 365 - 379, 

---------
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7 . HYPOGLYCEMIA: Hypoglycemia is potentially a common problem in the 

newborn and the results of a hypoglycemic episode may be devastating. We 

feel that each nurse caring for newborns should be aware of the signs and 

symptoms of this disorder. Unfortunately there. is no precise clinical pattern 

that hypoglycemia follows and the nurse and phys~cian must exercise a high 

degree of clinical suspicion. The following signs and symptoms have all been 

associated with hypoglycemia: 

1. "Jitters" - the baby may be very irritable all the time or alternate 

between "jitters" and lethargy, "Jitters" may progress to frank 

convulsions, 

2, Eye - rolling 
0
(grave suspect) 

J. Respiratory rate above 60 or has tachypnea 

4. Poor eater - may be the one that will suck soon after birth, but 

as hypoglycemia progresses he loses the ability to suck and swallow, 

It is not unusual to read the nurse's notes and find a good description 

of hypoglycemia, with nothing being done to correct the condition, 

5, Cyanosis 

In addition, the following historical data tends to predict a baby who 

is a likely candidate for hypoglycemia: the immature inf'ant, small for dates 

baby, inf'ant of a diabetic mother, the second twin, and infants who undergo 

exchange transfusions, 

The use of dextrostix is a simple, effective method for determining low 

blood glucose levels on the newborn inf'ant, and we recommend that nurses be 

allowed to do this procedure if u.y question of hypoglycemia exists, We have 

demonstrated this technique in many hospitals, and of course, encourage that 
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t;tlll (;111 _ oi 111t1,dc mass ) or ·k2 Kg. of mus
c!t- 11 1.1~, per week. Since adults arr capablr 
of ,u,ta ining total caloric dt"pri,·a tion for 
prolongrd periods of time, it is obvious that 
adapti,·e mrchanisms must supervt"nc to pre
wnt the inanition and death which would 
rapidly occur due to the loss of funtional and 
structural protein secondary to the ~lucose 
demands of the organism. The only known 
source for net de novo glucose synthesis is 
protein ( net com·ersion of fat to glucose re
quires a dicarboxylic acid cycle which is not 
present in mammals ); thus it seems obvious 
that the only feasible conservation mecha
nism involves a decrease in the glucose re
quirements of the organism. 

It is well recognized that the brain, formed 
elements of the blood, and the renal and the 
adrenai medulla ha,·e an obligate rcquire
ment ior glucose as their sourte of energy 
(Fig. l ) . Indeed, in the case of the red blood 
cell mass, the absence of mitochondria makes 
this tissue tot::i.liy dependent on glycolysis as a 
source oi energy. Since approximately 80 per 
,:ent oi the total basai glucose requirement~ 
of the individual is represemed by the me
tabolisrr. of the central nervous system, the 
only adaptation which the organism could 
make which would significantly reduce glu
cose requirements v,;ould be in this tissue. 
One of the more exciting developments in 
the pas, 5 years has been the demonstration 
that the brain can adapt during fasting to 

the utili z,, tion oi ketone bodies and, indeed, 
derives over half oi its energy by the oxida
tion oi kecones under these .::ondition~. This 
:1dapt::i.tion results in a marked decrease in 
the de,n:rnd for de novo glucose synthesis and 
:o,1sequt'ndy permirs the ocg:mism to con
sen·e irs virai protein smres. 1

" 

It be.::0m.:~ e,·ident from the :.above con
;idecariofo rna.: rhe newborr. infant and 
young- child :..re at a precarious balance bc
r,,·eer. ,heir obligamry glucose requirements 
:111d rhei:- ability ro rr.a~ntain this supply dur
ing ,·aloric deprivation. Specific measure
ments of glucose requirements in the young 
child are lacking but on the basis of animal 
studies, it would appear that they are 2-· to 3-
fold greater than in the adult. 13 Despite thi~ 

The fn14rnal of Pediatrir. .1 
Mnrch 19·7'.l 

inrrC'ase, the glycogen stores of th1· liver arr 
sufficil'lll to meC't thl'sc d('mancls for at least 
8 to 12 hours. For example-, a IO Kg. youn~
ster has approximately 20 to 25 Gm. of storcd 
hepatic glycogen, sufficient to meet a glucose 
requirement of 4 to 6 Gm. per kilogram per 
day for approximately 12 hours. After H to 
36 hours, the young child is totally de-pendent 
on gluconeogenesis for glucost· supply -thi s 
is clinically evident in many by a poor gly
cemic response to glucagon under these cir
cumstances.5• 13a As pointed out previously," 
one of the factors which probably contributes 
to the high glucose requirement of the young 
child is the relative increase of brain mass to 
total body mass in this age group. However, 
agreement is not uniform that the glucose 
requirements of the neonate and young child 
per kilogram of body weight arl' significantly 

· greater than in the adult. Even if the glucose 
requirements were the same, the immature 
individual is still less able to defend his blood 
glucose, since his gluconcogenic potential may 
be significantly less than that of his adult 
counterpart. As noted in the preceding para
graphs, over 50 per cent of de novo glucose 
production is derived from protein stores. 
The protein mass of the newborn infant and 
young child, relative to total body mass, is 
significantly smaller than in the adult; hence 
the ability to mobilize an adequate supply of 
endogenous gluconeogenic substrate may be 
compromised in this age group. These cor,
siderations emphasize the importance for spe
cific quantitative studies of these various 
p;m,meters ir, diffe:rent pediatric age groups . 

HEPATIC GLYCOGENOLYSIS 
AND GLUCONEOGENESIS 

Jn the foilowi'ng sections, the key eazymes 
involved ir, glycogeri degr:,dation :rnd syn
tht:si~ ~,nd gluconeogenes:s wiil be discussed 
with particular cmphas;s on those ir. which 
deficiencies have beer, implic:ued ,, s the c::.u~e 
of hypoglycem;a . Additional biochemic:::ii de
tails on these enzymes are .-.vailable in se\'eral 
excellent recent reviews.1

"· 
16 Although it has 

been well documented that the kidney is ca
p:tble of gluconeogenesis, studies in adult hu
man beings indicate that th'e net glucose con-
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Fig. 2. A, Synthesis of glycogen. B, Degradation of glycogen. 0 = glucosyl monomer, UDP-0 = 
uridine diphosphoglucose. 

tribution of this organ is relatively small until 
after very prolonged periods of fasting ( 4 to 
6 weeks) . 2 In dogs, renal glucose production, 
even after such severe gluconeogenic stimuli 
as 2 to 4 weeks of fasting, ethanol, or insulin
induced hypoglycemia, still represented less 
th~m IO per cent oi the glucose released from 
the lin·r. ,; For these reasons, it would appear 
th:1t the kidney is not a site ior the physio
logi, comro! oi glucose homeostasis in the 
early postprandial period ( 24 to 48 hours ). 

Glycogen synthesi~. 
G!ya ,;;,1: synth ecase und amy/o. ( 1,4 -,. 

I ,6 1-glt.am tra11sf t' rast·. Hepatic glycogen 
synthet:.S<' ', CDP-~iucosc-glycogcn glucosyl 
t rar.sfcr;"r t r.rnsfers a glucose residue from 
uridine diphospho~lucose (U DPG ) to ar. 
ourc:· chain oi glycogen in a- 1,4 linkage. 
\-\'hr-n the peripheral chain of glycogen 
reaches a length between 7 and 21 glucosyl 
units, a second enzyme, amylo- (1,4 .- 1,6) 
glucantransferase (bra.ocher enzyme), trans-

fers a number of 1,4-linked glucosyl units 
from the end of a glycogen chain to another 
section of the glycogen molecule in a-1,6 link
age ( Fig. 2, A) . Glycogen synthetase exists 
in an active dephosphorylated (glycogen 
synthetase ~) and inactive phosphorylated 
(glycogen synthetase .!?_) form. Control of this 
enzyme is mediated, at least in part, by fac
tors altering the intracellular level of adeno
sine 3',5'-monophosphate ( cyclic AMP ) . For 
example, glucagon and epinephrine increase 
the concentration of cyclic AMP and there
by stimulate a protein kinase which phos
r>horylates glycogen synthetase ~ to the inac
tive form _Q, and hense inhibits glycogen 
formation ( Fig. 3 ) . ' ' · "' 

Glycogenolysis. 
P/wsphorylase, oligo- ( 1,4 - 1,4)-glucan 

trans/erase and amylo-1,6-glucosidase ( de
brancher enzyme). Phosphorylase is the rate
i,miting enzyme which initiates glycogenol
ysis and catalyzes the cleavage of a-1 ,4 glu-
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Fig. 3. Schematic representation for activation and deactivation of phosphorylase and glycogen 
synthetase. 

cosy! units (Fig. 2, B). Although this enzyme 
can catalyze both glycogen degradation and 
synthesis in vitro, its specific function in vivo 
is glycogenolysis. "0 Phosphorylase hydrolyzes 
successive glucose residues until four glucosyl 
units remain on each branch; at this point, 
the glycogen molecule is termed a phosphory
lase "limit dextrin". "0 Phosphorylase action 
can proceed no further until the a-1,4-linked 
trisaccharide is removed from the 1,6-linked 
glucose by a second enzyme, oligo-( I , 4-1, 4) -
glucan :ransferase. The a-1,6 glucosyl unit 
is then remow·d as free glucose by amylo-1 ,6-
glucos;cbsc ( debrancher enzyme ) (Fig. 2, B). 
These n,·o functions of c:!ebrancher enzyme 
(:.e .. amylo- 1,6-glucosidase and oligo-( 1,4~ 
1,4 \ -gluG,n transierase activity ) have not 
beer. cle:-,rly ,cpa rated. "' 

The ,omrol mechanisms regulating the rel
~ltive a.moums oi active and inactive phos
phorybse"" are shown in Fig. 3. Glucagon 
and epinephrine, which activate the enzyme 
adenyl cyclase present in the plasma mem
brane, initiate a cascade of reactions which 
can be summarized as follows: (a) the in
creased intracellular level of cyclic AMP ac-

tivates a protein kinase which (b) phosphory
lates dephosphophosphorylase !!. kinase to 
phosphophosphorylase ~ kinase, which ( c ) 
catalyzes the activation of inactive phosphory
lase ~ to active phosphorylase ~.. The in
activation of phosphorylase ~ is catalyzed by 
a highly specific phosphatase ( Fig. 3 ) . 

Since cyclic AMP-dependent protein kinase 
activates the phosphorylase system and inac
tivates glycogen synthetase, it is evident that 
these two events are controlled synchronously 
by those factors influencing the adenyl cy
clase-cyclic nucleotide phosphodiesterase com
plex (i .e., glucagon, epinephrine, methyl 
xanthine, and possibly insulin). 

Phosphoglucomutase catalyzes the only 
physiologically reversible step in glycogen 
synthesis and degradation (Fig. 2, B). This 
enzyme transfers phosphate between the 1 and 
6 positions of glucose and js not a site of 
physiologic regulation of glycogen synthesis 
or cieg:cada tion. 

Gluconeogenesis. Four enzymes which cat
alyze physiologically irre\"ersible reactions 
aid which function as rate-limiting steps in 
the gluconeogenic sequence are glucose-6-
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Fig. 4. Metabolic pathways involved in glycogen synthesis and degradation and gluconeogenesis. 
Key enzymes are designated by number. ( l) glucose-6-phosphatase, ( 2) glucokinase, ( 3) amylo-
1,6-glucosidase, ( 4) phosphorylase, ( 5) phosphoglucomutase, ( 6) glycogen synthetase, ( 7) ga
iactokinase, ( 8), galactose-1-phosphate uridyl transferase, (9) uridine diphosphogalactose-4-
ea>imerase, (IO) phosphofruc tokinase, ( 11) fructose-1,6-diphosphatase, ( 12) fructose-1,6-diphos
j>hate aldolase, ( 13) fructokinase, ( 14) fructose-I-phosphate aldolase, ( 15) phosphoenolpy1u
vate carboxyicinase, ( 16) pyruvate carboxylase. 

phosphatase, f ruct0se-l ,6-diphosphatase, phos
plioenolpyru\·ate carboxykinase, and pyru
,·ate carboxylase . These enzymes appear to 

iunctio:-. in :, .:0ordinate manner-:he:r 3( 

ti\·i t ies are increased by fasting :md cortisone· 
anci decreas<'d by feeding or insulin treat
n1enr.~ '· 

Glucose-6-phosphatase. This enzyme hy
drolyzes glucose-6-phosphate to glucose and 
is the final enzymatic step by which the liver 
r<'leas<"s free glucose derived from either gly
cogenolysis or gluconeogenesis. Its complete 
absence, therefore, precludes glucose forma
tion by either glycogenolysis or gluconeogen- • 
esis except for approximately 8 per cent of 

iiver giycoger, which can be converted to f rce 
glucose through the action of amylo-1 ,6-glu
cosidase (Fig. 2, B and 4 ). The enzyme is 
;Jound to microsomal membrar.cs and, si:Jce 
it has ;-,o~ been highly purified, little i~ 
known abo.ir the molecular mechanisms by 
which its activi ty is regulatcd . 

Frnctose-1 ,6-diphos phatase. Fructose- ; ,6-
diphosphatase catalyzes the hydrolysis of 
fructose-1,6-diphosphate to fructos.?-6-phos
phate. As noted in Fig: .;., this enzyme is in
volved in glucose production from glycerol 
and fructose as well as from lactate, pyruvate, 
and amino acids. 

Pyruvaie carbox·ylase and pltosplzoenolpy-
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r;,: "I,· u1Tln,:q•J..i11fl11'. Tli,·~•· two ,·111y11ws ,·;11• 
;ily1<· tlw fon11ati1111 of pliospl11w11olpyn1\'alt· 
fro111 pyruvatt• ( Fi~. ·l). Although pyruvatc 
carboxylase is present in the mitochondria 
while phosphoenolpyru\'ate carboxykinase is 
present in both the cytosol and intramito
chondrial space in man,Z• these two enzymes 
generally exhibit synchronous acti\'ity. Exton 
and associates":, have suggested that the acute 
effect of glucagon and epinephrine on gluco
neogenesis is at the k\'el of the conversion of 
pyrm·ate to phosphoenolpyruvate. It has re
cently been shown in the fetal rat that both 
enzymes are present at very low levels and 
that glucagon :.rnd cyclic AMP induce the 
formation of phosphoenolpyruvate carboxy
kinase but not pyruvatc- carboxylase."i; 

Another potential rate-limiting step in glu
,oneogenesis may i11\·oh-e the transamination 
of alanine to pyrm·ate by glutamic-pyruvic 
transaminase. This transaminase is also in
creased by fasting, glucagon, and cortisone, 
and is depressed by feeding and insulin." 

Galactose and fructose metabolism. The 
conversion of galactose to glucose involves a 
series oi reactions catalyzed in sequence by 
~abctokinase ( formation of UDP galactose) 
~ind uridyl diphosphogalactose-4-epimerase 
( formation of L'DP glucose ) . UDP glucose 
111:1y ,hen be .:,1nvC'rted directly to glycogen 
by glyc0~en s,·nthC'tast' or may react in the 
gal~,,tosf- l-?hosph;ae uridyl transferase reac
tion to ionr, ~iucos,'-1 -pho,pha te ( Fig. -t) . 

C\1ns,'quenth-. ttw ,m1y gluconeop;enic enzyme 
1'<'<1uin-ci for :i-.,· : , ,n ,·,-1·sior. oi galanose to 
,::-iu,os,:, is g!u,·ost·-6-phospharase. 

TiJ,, ,,,:·,jo:· 1x1thw:1y ior fructos~ conversion 
to gil,COSt' ;m•oiH', the:- sequential action oi 
fructokin;:,.se '. forrnarior, oi fructose- !•:phos
phate . :ninose- : -phosphate aldolase ( ior
matio1, 0i D-glyreraldehyde-3-phosphate and 
dihycrox)·~,,econe pi1osj)hatc ) , and fructose
i .6-diphosphate aldobse (formation oi fruc
rnsc- : .6-diphospha,e ) . In the case of fructose , 
t!1ere'.orc-. both frucrose-: ,6-diphosphatase 
and giucose-6-phosphatase are required for 
con\'ersion of this sugar to glucose. 

THE ENDOCRINE SYSTEM 

Insulin is the predominant hormone regu
lating the blood glucose level, since it is the 

'/'hr jfl11r11al ,,f /'rtlin/r,r< 
Mnrrh 1<17 ·; 

1111lr li1111110111 · who~,· din-cl ;wtio11 is to d<· 
cn·asc· 1lw inllux of glucos1· and arn·lerat1· 
the effiux of glU1·os1· from tlw vasrular spare. 
Insulin stimulates the transmembrane mm·e
ment of glucose into skrletal and cardiac mus
cle and adipose tissue and the conversion of 
glucose to glycogen and triglyceride, as well 
as the intracellular transport of amino acids 
in thesr tissues and their incorporation into 
protein."7 The hormone, at even low roncen
trations, is a potent inhibitor of adipose tissue 
lipolysis.~8 The net effect of these actions on 
peripheral tissues is to accelerate glucose di~
appearance from thr blood and to decrease 
the supply of gluconeogenic substrates ( i.e ., 
glycerol and amino acids ) presented to the 
liver. In concert with these peripheral ac
tions, insulin stimulates hepatic glycogrn 
synthesis, impairs glycogenolysis, and marked
ly depresses hepatic gfoconeogenesis. Current 
information suggests that these hepatic efTects 
reflect an action of the hormone on the 
adenyl cyclase-cyclic nucleotide phosphodies
terase system resulting in a decrease in the 
cellular concentration of cyclic AMP.~:. This 
action would result in activation of glycogen 
synthetase. inhibition of the phosphorylase 
system. and an ultimate decrease in the le\·els 
of gluconeogenir enzymes. 

It is now recognized that tlH' pancreatic 
arterial glucose le,·el is not the only detenni
nant oi insulin release but that horlllone se
cretion is influenced by a \·ariety of nutri
tional and hormonal factors . A number of 
:unino :,cids are capable of eitlwr directly 
stimulating insulin release from the {3 cell or 
potentiating th~ efTC'ct of glucose on hormone 
secretion. Furthermore, the oral ingestion of 
protein and glucose provokes the secretion of 
en teric factors which themselves stimulate in
sulin rele;::,.se?n, "0 Under normal circum
stances, insulin secretion is primarily obsen·ed 
only during periods of nutrient ingestion; 
only minima) quantities need be secreted dur
ing fasting to prevent the de,·elopment of un
restrained ketoacidosis. In all species thus far 
examined, plasma insulin falls to \'ery low 
levels during caloric restriction ; \'alues below 
5 to 10 µ.U per milliliter are routinely noted 
in the human being under these circum
statlces. 5• 31 Consequently, insulin levels great-
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er than 5 to IO /tU pt'r milliliter in associa
per 100 ml. are distinctly abnormal. The 
tion with blood glucose lt'vels below 50 mg. 
pl"ripheral plasma level of the honnone will 
be si~ificantly lower than in the portal vein, 
reflecting both transhepatic removal (approx
imately 50 per cent of a physiologic load is 
removed in one transhepatic passage) and 
dilution in the total vascular space.32 Never
theless. in the few studies reported of simul
taneous measureinents of insulin in portal and 
peripheral venous blood, the peripheral values 
paralleled the concurrent portal ones. How
ever, the possibility does exist that hypogly
cemic syndromes associated with excessive 
insulin secretion may be associated with only 
minimal elevation of peripheral plasma in
sulin despite extrl"mely high portal concentra
tions because of increased hepatic extraction 
as a secondary adaptation to excessive insulin 
release. 

Opposed to the hypoglycemic effects of 
insulin are the actions of adrenocorticotropic 
honnone (ACTH ) . cortisol. glucagon, epi
nephrinr, and growth hormone. The net 
effen oi these hormones is to increase the 
z,mbiem biood glucose level by ( I ) inhibiting 
giucosC' uptake by muscle ( i.e., epinephrine, 
rnnisol, and growth hormone) , (2 ) increasing 
endogenous gluconeogenic amino acid supply 
by mobiliza rion from muscle (i.e. , cortisone) , 
( 3 ) acti, a ting lipo!ysis and providing in
creased free fatty acids as ::. source of energy 
and glycerol for gluconeogenesis ( i.e., epi
nephrine. gluc:.gon, growth hormone, ACTH, 
:md cortisol ) , (-t- ) inhibiting insulin secretion 
from the pancreas I i.e. , epinephrine ) , ( 5 ) 
::.cure acri,·ation of giycogenolytic and gluco
neogt'nic t'nzymes ( i.e. , epinephrine and gh:
cz,gor. ' J' :md ( 6 ', chronic induction of giu
coneogenic er.zyme synthesis ( e.g., glucagon 
~,nd cortisoi. ~,-. 

DEFINITION, SIGNS, AND 
SYMPTOMS OF -HYPOGLYCEMIA 

Children are usually symptomatic when 
the true blood glucose reaches a concentra
tion of approximately 40 mg. per 100 ml. 
Symptoms are frequently absent despite ex
tremely low blood glucose levels in newborn 
infants. Comblath and Schwarz14 have sug-

H)1/1ogl)'rt'lllia in iufmuy and cl,ild/11,od '.{ 7 3 

~cstl'd that blood sugar levl'ls less than 30 mg. 
p<·r 100 ml. in the full-t<'rrn neonate and less 
than 20 m~. per 100 ml. in the premature 
and small-for-gestational ag1· infant should 
define hypoglycemia in this age group. Cri
teria of notmal blood glucose levels for the 
newborn infant will be discussed in greater 
detail in the section on neonatal hypogly
cenua. 

Two factors which are frequently over
looked when interpreting the glucose concen
trations are the analytic method used and 
whether blood or serum (plasma ) is being 
examined. Since the water content of whole 
blood is approximately 15 per cent less than 
serum and glucose is not completely equili
brated between red cell water and serum, 
serum or plasma glucose lc,·els will be ap
proximately 15 per cent higher than whole 
blood values. A large number of chemical 
and enzymatic methods are c~rrently in 
use for the determination of glucose. The en
zymatic methods using glucose oxidaseH or 
a combination of hexokinase and glucose-6-
phosphate dehydrogenase" ' specifically mea
sure g-Jucosl". On the other hand, a variety of 
reducing methocb arc not as specific for glu
cose and therefore may occasionally give 
faisely elevated glucose levels in the newborn 
infant."': 

The clinical symptomatology associated 
with a rapid and acute fall in blood glucose 
reflects primarily excessive epinephrine secre
tion (i.e., swc:ning, weaimess, tachycardia, 
nervousness, and hunger ) . If the hypogly
cemia is nor relieved, manifestations of cere
bra l dysfunction such as headache, irritability, 
mental coniusion, psychotic behavior, seizures, 
and com.-.. become progressively more ?romi
nem. With irequem or prolonged episodes 
.:,f hypoglycemia, perrnanent central nervous 
system dysfunction may result. As mentioneci 
above, hypoglycemic symptom~ in the neo
natal period are less obvious and may be 
either completely overlooked or absent . 

HYPOGLYCEMIC SYNDROMES 

• For the purpose of this review, we have 
arbitrarily divided the hypoglycemic syn
dromes into two main groups: ( 1 } transient 
neonatal hypoglycemia and (2) hypoglycemia 
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Table II. Classification of hypoglycemia 

I. Neonatal hypoglycemia 
A. Hypoglycemia associated with the small-for

gestational age infant 
B. Transient hyperinsulinemia of the newborn 

infant 
I. Infant of the diabetic mother 
2. Infant with erythroblastosis 

II. Hypoglycemia of infancy and childhood 
A. Hyperinsulinemia 

I. ,8-ce 11 hyperplasia 
2. ,8-cell tumors 
3. Nesidioblastosis 
4. Functional ,8-ceil st>cretory defects 

B. Substrate limited 
I. Ketotic hypoglycemia 
2. Hypoglycemia associated with endo

crine disorders 
a. Panhypopituitarism 
b. Isolated growth hormone deficiencies 
c. ACTH deficiency 
d . Addison's disease 
e: Hypothyroidism 

C. Hepatic enzyme deficiencies 
I. Glycogen storage diseases 

a. Glurose-6-phosphatase 
b. Amylo-1, 6-glucosidase 
c. Defects of the phosphorylase enzyme 

system 
2. Disorders of gluconeogenesis 

a. Fructose-I, 6-diphosphatase 
b. Pyruvate carboxylase 

3. Other enzyme defects 
a. Glycogen synihetase 
b. Galactose-1-phosphate uridyl trans

ferase 
~- Fructose-I-phosphate aldolase 

oi infancy and childhood. The vast majority 
of neonates developing hypoglycemia in the 
first 2-+ hours of life will have either a pre
natal hisrory ( i.e .. mothers with diabetes or 
toxemia · or physical findings (i.e., srnall-for
gesrn tional age or premarnl)ty ) which identi
fy them as high-risk infants. Although the 
nypog:ycemi::. occuffing in most newborn in
fants :-emits spomaneouslv within hours to 
da\·s 0i diagnosis. it is important m recognize 
tha-.: chronic hypoglycemia in these infants 
-:an occur soor, afrer birth and be due to well
defir,ed hepatic t'r,zpne defects . endocrine 
deficiencies, or persistent hyperinsu)inism, dis
orders which will be considered under the 
discussion of hypoglycemia of infancy and 
childhood ( to appear in Part II). Table II 
lists the syndromes which will be dealt with 
in more detail. 
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NEONATAL HYPOGLYCEMIA 

General considerations'. Glucose is rapidly 
transported across the placenta so that the 
fetal plasma glucose level closely approxi
mates the maternal concentrationY Conse
quently, the fetus during gestation is not de
pendent on its own gluconeogenic capacity, 
since it is constantly being supplied by a glu
cose infusion from maternal sources. In this 
context, one would anticipate that the gluco
neogenic mechanisms ( e.g., hepatic gluconro
genic enzymes, transaminases, and protein 
catabolic systems) in placentates would not 
be fully developed until near or soon after 
parturition. Very little is known about the 
time of induction of the hepatic gluconeo
genic enzymes in the human fetus, but in
ferences can be made from studies in various 
mammalian species. In vitro perfusions with 
radioactive labeled precursors"8 and in vitro 
studies with fetal liver slices'"'·•~ clearly dem
onstrate that in the fetus , gluconeogenesis is 
either absent or markedly depressed. Mea
surements of the levels of specific gluconeo
genic enzymes have shown considerable spe
cies variation but, in general, confirm the 
conclusion that certain key rate-limiting en
zyme activities are low near the time of par
turition and do not reach full activity until 
several hours to days after delivery . For 
example, hepatic glucose-6-phosphatase ac
tivity in the fetal rat and pig increases con
siderably during the last few days of fetal 
life but then exhibits a further 2- to 3-fold 
increase in the first two days of life .' 3

• H 

Fructose-1,6-diphosphatase activity is nearly 
fully developed at parturition in the sheep:t 
guinea pig,0 and rat4 5

• '
6 but is very fow in 

the fetal pig and does not increase until the 
second postnatal day.H Pyruvate carboxylase 
is present at birth in substantial amounts in 
all animals exf}mined and would not appear 
to be rate limiting."· 46

·" On the other hand . 
phosphoenolpyruvate carboxykinase is \·ir
mally absent in the neonatal rat but increases 
rapidly after delivery;-1--1 ·• whereas this en
zyme is relatively fully developed in the pig 
at the time of birth. 44 It seems obvious from 
these data, therefore, that detailed infonna
tion concerning the maturation of the hepatic 
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g-h1c011eog-e11ic enzymes in the human being 
is essC'ntial if we are to understand fully the 
various pathogenic mechanisms responsible 
for the dewlopment of transient hypogly
cemia of the newborn infant. 

From the point of view of glucose homeo
stasis and energy requirements, it is rather 
surprising that in highly developed countries, 
the neonate upon delivery is placed in a posi
tion of being fully dependent upon his own 
resources whereas in less sophisticated so
cieties he is supported by being put imme
diately to breast. The normal healthy new
born infant does have adequate stores of fat 
and glycogen to sustain a short period · of 
caloric depri\'ation and appears capable of 
mobilizing- these s11bstrates as energy sources. 
For example. within a few hours after de
li,·ery, the plasma free fatty acids are ele
vated:" and glucagon evokes a glycemic re
sponse.'•0· ·' 1 However, glycogen stores are 
limited and within a short period of time 
the neonate becomes dependent upon gluco
neop:enesis as the sole mechanism for meeting 
the obligate glucose requirements of the cen
tral nen·ous system and other glucose-de
pendent tissues. Despite these considerations 
it is a rather common practice to withhold 
feeding of normal neonates for 12 hours, and 
even longer periods of caloric deprivation 
ha,·e been suggested in the past for low-birth
weight infants to avoid the problem· of as
?iration.:," 

Throughout gestation, the normal fetus is 
exposed to an ambient plasma glucose level 
similar to that of the mother. There is no 
a priori reason to believe that upon delivery, 
the glucose-dependem tissues of the neonate 
are more tolerant to iow glucose supply than 
those of the adult. Indeed, the very op:;:)Ositf: 
seem, more likely, since many criticai struc
tures ha,·e yet to reach marnration. ln this 
comext. it is difficult to .-..-:cept current defi
nitions oi clinically significant ~1ypoglycef11ia, 
i.e., 2 \'alues less tha:n 30 mg. per 100 ml. in 
the iull-tenn infant and 2 values less than 
20 mg. per 100 ml. in the low-birth-weight 
infant . u The studies upon which these recom
mendations are based are limited in number, 
involved heterogeneous groups of patients, 

Hypogt,,cemia in infanry and rhifrllwnrl '.{ 7 5 

used diffrrent fasting-feeding- sr.hcdul<'s, and 
did not present long-term follow-up clinical 
information. 14

• ""· s:i-sn Brain damage has been 
reported in infants with blood glucose levels 
less than 30 mg. per 100 1111.'·7 However, 
there have been no long-term , systematic 
prospective studies in which the incidence of 
clinically significant neurologic and psycho
logi, damage has been assessed in relati0n 
to the blood sugar levels of the neonate in 
the early days of lift>. Although it is well 
documented that the nadir of blood glucose 
frequently occurs within 2 to 3 hours follow
ing birth, we feel that ·this should not be 
construed as being either the normal or de
sirable concentration for later hours of life. 
Until further studies relating to the efTect 
of early feeding on the blood glucose con
centration have been performed, the authors 
follow the policy of vigorously treating- all 
newborn infants who have plasma glucose 
concentrations of less than 40 mg. per 100 
ml. 

The small-for-gestational age infant. Cor
relation betwt>en the weight and gestational 
age of infants and their fasting blood sugar 
!eve-ls three hours after delivery was recently 
reported by Lubchenco and Bard. ''" The 
highest risk for the development of blood 
sugar levels less than 30 mg: per 100 ml. 
was in the small-for-gestational age infants in 
whom the incidence of hypoglycemia also 
correlated with the degree of maturation, 
i.e., 18 per cent incidencr in post-tenn, 25 per 
cent in term, and 67 per cent in premature 
infants. Birth weight alone may not always 
be an adequate criterion for identification of 
the gestationally malnourished infant; the 
weight/length ratio occasionally provides an 
acidi .. ional useful identifying parameter_r,n 

The i::ictors predisposing the small-for
~c:stational age infam to the developmrnt of 
hypoglycemia have not been clarified. We 
have followed prospectively 7 normal weight 
and l O small-for-gestational age neon a te5 
from birth through the first 24 hours of liie 
with frequent sampling for determination of 

.blood glucose, lactate, pyruvate, ,8-hydroxy
butyrate, acetoacetate, and plasma alanine. 
None of the normal weight neonates ex-
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hibitcd plasm:i g-Iurose lcn•ls less th:in 55 mg. 
per I 00 ml. during the first 12 hours of life 
at which time a feeding schedule was insti
tuted. Approximately 50 per cent of the 
small-for-g-estational :ig-e infants had plasma 
glucose len•ls less th:in '.{5 mg. per 100 ml. 
within 2 to 3 hours of deli,·cry, :ind all had 
sig-nifirantly highcr blood bct:ite, pyru,·:itc, 
and pbsma :il:rnine len·ls than the full-tnm 
neonates. This pattern was already discernible 
in cord blood and maintained through the 
first 24 hours of life despite the institution 
of a feeding regimen at the time hypogly
cemia was first documented. This pattern of 
blood metabolites is highly suggestive of a 
maturation delay in the hepatic gluconeogenic 
enzymic apparatus. Of further interest is the 
finding that despite hypoglycemia, blood /3-
hydroxybutyrate and acetoaretate levels in 
the small-for-gestational age infants remained 
lower than in normal weight neonates sug
gesting inadequate fatty acid stores or de
fecti\"e fatty acid mobilization or a matu
rational delay in hepatic ketogenesis. Of 
concern is the fact that the supply of 
utilizable substrate for the central ner\"ous 
sysrem ( i.e .. glucose, ketone bodies) in the 
small-ior-gestational age infant is deficient 
anci may represent a significant risk factor 
in the production of irreversible brain dam
age. 

Other factors associated with neonatal 
hypoglycemia. Hyperi:-,sulinemia has been 
.io,umemed in infants 0f mothers with vari
ous iorms of diabetes rnellirus I i.e. , chemical, 
.:: :inicaily overt, and ir,su;in-requiring 1 :;o Al
fr10ugn ~here ;s rechnic,,l difficulty in docu
;nem;ng hype:-insulinemia ir. the newborn 
infant oi the inst:lin-requiring m0ther be
cause of imeriere:1ce of insulin antibodies in 
the radio:mmunoassay,C 0 these infants on pos-.
mortem examination exhibit marked hyper
plasia. oi the beta cell and a high content of 
insulir:: in the islets. Infants with erythro
blasrosis ierab also nave a high incidence 
of hypoglycemia which is secondary to hyper
insulinemia. 61 Beta cell hyperplasia also has 
been found at postmortem examination in 
these infants. In the offspring of diabetic 
mothers, beta cell hyperplasia is considered 
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to ])(' secondary to the chronic hypeq~ly('e111i;1 
resultin~ from the elevated maternal blood 
glucose level; no etiology is apparent in the 
erythrohlastotic infant . 

Hypoglycemia has also bem reported in 
infants born to toxemic mothers''" and in 
association with hypothennia in the· newborn 
infant. 1

·' In the latter instance, cause and 
effect a re not clear, since hypothermia i, a 
common finding in adults with hypoglycr·mi;i. 
Hypoglycemia in the neonate in association 
with hypothermia may well be related to 

more rapid utilization of endogenous glycogen 
stores in the face of a decreased ability to · 
perform gluconeogenesis. Infants have also 
been described with severe, unresponsi,·e 
hypoglycemia in whom alpha cells were re
ported to be absent from the pancreas."" With 
the advent of the glucagon immunoassay, 
techniques are now available to document a 
deficiency of this glucoregulatory hormone. 

Therapy. The time. at which the neonate 
is begun on a feeding schedule varies from 
institution to institution. Most nurseries tend 
to have a fixed program in which the initial 
feeding consists of 5 per cent ~lucose at 4 to 
12 hours after delivery in the normal neonate 
and even sooner in the premature or small
for-gestational age infant . Five per rent glu
cose ( 6.6 calories per ounce) is a poor nutri
tional substitute for human colostrum which 
contains 6.4 per cent lactose, 3 per cent lipid. 
2 to 3 per cent protein, and 18 calories per 
ouncc.65 It has frequently been argued that 
5 per cent glucose is safer than milk as an 
initial feeding in regard to the development 
oi ~,spiration pneumonitis. However, studies 
ir, newborn rabbits revealed no pathologic 
differences 24 hours after the intratracheal 
;nsti!latior. 0f either 5 per cent glucose or a 
formuia feeding.; ,, Furthermore, data on the 
relative frequency of aspiration pneumonitis 
in infants fed 5 per cent glucose or formula 
diets are not available. 

It is the au thors' current policy to monitor 
the blood glucose level <)f all high-risk infants 
( i.e., small-for-gestational age infants, pre
mature infants, infants of diabetic mothers, 
etc . ) at l to 2 hour intervals with Dextrostix 
(Ames). Since variable and .inconsistent re-
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suits an:- frequently obsc-rved with this method 
at low blood glucose concentrations, test 
results with Dextrostix are frequently com
pared with plasma glucose values determined 
by reliable laboratory methods. If the blood 
glucose level with this method is 45 mg. per 
100 ml. or less, a blood specimen is obtained 
for measurement of gl11cose by the glucose 
oxidase method. ::ind the infant is started 
immedi:ltely on a feeding of 5 per cent glu
cose followed subsequently at 2 to 3 hour 
intervals with standard formula feedings. 
Thro11ghout this time, the blood glucose level 
is monitored before each feeding; in the 
large majority of instances, adequate glucose 
concentrat ions are maintained by this prac
tin·. If, howc-\'c-r, the plasma gl11cose valuc
n•t11ains be-low ·W mg. pc-r 100 ml. by spC'<·ific 
meas'uremc-nt. an intravenous infusion of 10 
to 25 per cent glucose is begun . Specific rates 
of glucose admin istration have been re
portedr.r,a: howe,·er, it is our opinion that the 
\'ariability in requiremrnts between patients 
is so great that the rate of administration 
needs to be individualized and the patient 
gin-n an amount of glucose which will main
tain his plasma glucose above 40 mg. pc-r 
100 ml. This approach to therapy requires 
frequent monitoring of the blood glucose and 
dose observation of the volume of fluid being 
administered. On rare occasions, hypogly
cemia persists despite this infusion and then 
cortisone acetate is administered intramuscu
larly a t 8 hour intervals ( total dose is 5 mg. 
per kilogram of body weight per day). On 
this regimen, the blood glucose level has been 
readily stabilized in the vast majority of 
iniams. U sually. the intravenous infusion of 
glucose can be tapered after 48 hours and 
.::onisonc- acetate therapy gradually elimi
nated during the subsequent 4 to 5 days. 
If hypoglycemia persists for more t~an 72 
hours on this regimen, other causes for the 
disorder must be sought. 

REFERENCES 

1. Cahill, G. F., Jr.: Starvation in man, N. Engl. 
J. Med. 282: 668, 1970. 

2. Felig, P., Owen, 0 . E. , Wahren, J., and Ca
hill, C. F., Jr.: Amino acid metabolism during 

Hypogl1•cemia in i11/anr.y and r. ltilrllwod 3 7 7 

prolonged starvation , J. Clin. Invest. . 48:· 
584, 1969. . 

3. Owen, 0. E., Felig, P., M organ, A. P., Wah • 
ren , J., and Cahill, G. F., J~.: Liver and kid• 
ney metabolism during p ro longed starvation, 
J. Clin . Invest. 48: 574, 1969. 

4. Adibi, S. A.: Influence of dietary deprivations 
on plasma concentrations of free amino acids 
in man, J . Appl. Physiol. 25: 52 , 1968. 

5. Pagliara , A. S., Karl , I. E., DeVivo, D. C., 
Feigin, R. D ., and Kipnis , D . M.: Hypoa lani
nernia: A concomi-tant of ketotic hypn'(ly• 
cemia, J. Clin. Invest. 51: 1440, I 972. 

6. Exton, J. H., Mallette1 L. E. Jefferson, L. S., 
Wong, E. H. A. F riedmann, N., Miller, T. B., 
Jr., and Park, C . R. : The hormonal controi 
of hepatic gluconeogencsis , Recent Progr. · 
Horm . R rs. 26: 411, 1970. 

7. Ross, B. D ., Hems, R ., and Krebs, H. A. : The 
rate of gluconeogenesis from various precursers 
in the perfusf'd 'rat liver, Biochem. J. 102: 
9·12, 196 7. 

ll. F.-lig, P., Marliss , E., Poz<•fsky. T ., and Cahill , 
C. F., Jr. : A111inn :t<·id 111rtabolis111 in the rrgu
latinn of 1-:luconrogerw,is in man, Am. J. Clin. 
Nutr. 23: 9ll6, 1970. 

9. Felig, P ., Pozcfsky , T. Marliss, E., and Cahill, 
G. F., Jr. : Alanine : Key role in gluconco• 
genesis, Science 167: 1003, 1970. 

10. Marliss, E . B. , Aoki , R . R ., Pozefsky, T .. , Most. 
A. S., and Cahill, G. F., Jr.: Muscle and 
splanchnic glutamine and glutamate metab
olism in post absorptive, and starved man, J. 
Clin . ln\'<'St. 50: 814, 1971. 

11. Frli~. T ., Wahrcn, J., Karl, I., Luf.t, R., and 
Kipnis , D. M .: C lu tamine an·d glutamate me
tabolism in normal and diabetic subjects. Sub• 
mitted for publication. 

12. Owen, 0. E., Morgan, A. P., Kemp, H. G. , 
Sullivan, J . M., Herrera, M. G., ancl Cahill , 
G. F., Jr.: Brain metabolism during· fasting, 
J. Clin. Invest. 46: 1589, 1967. 

13. Kornhauser, D.;· Adam, P. A. J., and 
Schwartz, R .: Glucose production and utiliza
tion in the newborn puppy, Pediatr. Res. 4: 
120, 1970. 

13a. Chaussain, J . L.: Glytemic response to 24 hour 
fast in normal children and children with ke
totic hypoglycemia, J. PEDIATR. 82: 438, 1973 . 

14. Cornblath, M ., and Schwartz, R.: In Carbo
hydrate metabolism in the neonate, Phila
delphia, 1966, W. B. Saunders Company. 

15. Howell, R . R .: The glycogen storage diseases, 
in Stanbu ry, J. B., Wyngaarden, J. B., and 
Fredrickson, D. S. , editors : The metabolic 
basis of inherited disease, St. Louis, 1972, 
McGraw-Hill Book Company, Inc., p. 149. 

16. Coleman, J. E. : Metabolic interrelationships 
between carbohydrates, lipids, and protein, 
in Bondy, P. K. , editor : Duncan's diseases of 
metabolism, Philadelphia, 1969, W. B. Saun
ders Company, p. 89 . 

17. Jonsson, A., and Madison, L . i...: Evidence 
• that the kidneys become a source of glucose 

for other tissues after fourteen days of starva• 
tion, Diabetes 17: 305, 1968. 



' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
~ 

3 7 8 Pa1:liara ct al. 

18. Huijin!'( . F., and Larner. J. : On the mechanism 
of acti,,n of adc-nnsine 3'.5' rydophnsphate , 
Proc. Natl. Acad. Sr i. U.S.A. 56: 647 , 1966. 

I 9. Soderling , T. R ., Hickenbottom, J. P., Rei
mann . E. M., Hunkcler, F . L ., Walsh, D. A., 
and Krebs, '2. G.: Inactivation of glycogen 
synthetase and activation of phosphorylase 
kinase·by muscle adenosine 3,5 monophosphate 
dependent protein kinases, J . Biol. Chem. 245: 
6 31 7, 1970. 

'.?0. Hers, H. G., Verhue, W., and Mathieu, M. : 
The mechani,m of ac tion of amylo-1,6-glu co
sida,e, in Whelan, W. J. , editor: Control of 
glycogen metabolism , Boston, 1964, Little, 
Brown & Company, p. 151. 

21. Brown, D. H., a nd Illingworth, B.: The role 
of oligo-1, 4 ➔ 1, 4-glucant ransferase and 
amylo-1.6-glucosidase in debra nching of gly
cogen, in Whalen, W. J., editor: Control of 
glycogen metabolism, Boston, 1964, Little, 
Brown & Company, p. 139. 

'.?2. Sutherland, E . W ., and Robison, G. A.: The 
Bant in!'( ~frnh>rial Lc-cturc 1969. The role of 
cydir AMP in the rontrol of rarbohydrate 
metabolism, Diabetes 18: 797, 1969. 

'.?3. Weber, G., Singha), R. L., and Srivastava, 
S. K .: Action of glucocorticoid as indurcr and 
insulin as wpprc-ssor of biosynthcsis of hepatir 
gluconeogenic c-nzymes, in Weber, G ., editor: 
.-\d\'ances of l'nzyme rl'gulation, New York , 
1965, Permagon Press, Inc ., p . 43. 

'.?4. Brech, W. , Shrago, E., and Wilkin, D .: Studies 
on pyru\'ate carboxylase in rat and human 
liwr, Biochim. Biophys. Acta 201: 145, 1970. 

25. Exton , J. H., J efferson, L. S., Jr., Butcher, 
R . W. , and Park , C . R .: Gluconeogenesis in 
the perfused li\'er: The effects of fasting, al
loxan diabetes , glucagon, epinephrine, adeno
sine-3,'5' -monophosphate and insulin, Am. J. 
Med . 40: 709, 1966. 

26. Yeung, D ., and Oliver, J. T.: Induction oi 
phosphopyru\'ate carboxylase in neonatal rat 
li\'er by adenosine 3',5' cyclic monophosphate, 
Biochemistry 7: 323 1, 1968. 

'27. Cahill, G. F .. Jr.: The Banting Memorial Lec
ture l 971. Physiology of insulin in man, 
Diabe1.-s 20: 785, 197 I. 

:!8. Fain. J. !'.. , Ko\'acev, V . P., and Scow, R. 0 .: 
:\ntilipolytic effec t of insulin in isolated fat 
c·eiis 0f ,he rat. Endocrinology 78: 773, 1966 . 

.?9. Fajans. S. S., Floyd , J. C., Jr., Knopf, R. F., 
and Conr., j. W .: Effect oi amino acids and 
pro,ein, c,r, ;nsuiir, s<!Crl."tion in man. Recent 
Progr. Horm. Res . 23: ol 7, 1967. 

:10. lJn!(l' :, R .H., Olrnt>da, A., Valverde, I. , Eisen
tru nt . .'\ . :\L, and Exton. J . H.: Characteriza-
1ior. ,)! th<" respome, oi ci rculating glucagon
iike imtl',un,,react;\'ity to intraduodenal anci 
1ntrawnous administration of glucose, J. Clin . 
Inn~st . 47: -Hi, 1968. 

31. Cahill, G. F., Jr., Herrera, M. G., Morgan, 
A. P., Soeldner, J . S., Steinke, J., Levy, P. L ., 
Reichard, G. A., Jr., and Kipnis, D . M.: H or
mone-fuel interrelationships during fasting, J. 
Clin. Invest. 45: 1751, 1966. 

3'.?. Samols, E. , and Ryder, J. A.: Studies on tissue 

The Journal of Pediatric .1 
' March 197 '. I 

uptake of insulin in man using a dilTcrential 
immunoassay for endogenous and exo,l.(cnnus 
insulin, J. Clin . ln\'est. 40: 209'.?, 1961 . 

33. Bondy, P. K .: Disorders of carbohydrate me
tabolism, in Bondy, P. K .. editor: Duncan's 
diseases of metabolism, Philadelphia, 1969, W . 
B. Saunders Company, p. 199. 

34. Huggett, A., St. G., and Nixon, D . A. : Use 
of glucose oxida,l', peroxidase and o-diansi
dine in determination <;i f blond and urinary 
gl urose, Lancet 2: 368, 1957. 

'.l5 . Slein, M. W .: D -gluco,c: Determination with 
hexokinase and glucosc-6-phosphate dehydn,
g inase, in Bergmeyer, H. U ., editor: Method, 
of enzymatic analysis, New York , 1965, Aca
demic Press, Inc ., p. 117. 

36. Hallman, N.: Studies on the blood sugar of 
newborn children and t.he children of dia
betic mothers , Mod. Prob. Pediatr. 4: 535, 
1959. 

37. King, K. C., Butt, Jr., Raivio, K., Raiha, N. , 
Roux. J., Tcramo, K ., Wamaguchi, K .. and 
S<"hwartz , R .: Human mat<"rnal and fetal in
sulin rt'spons!' to arginin!', N. Engl. J. M!'d . 
285: 607, 1971. 

38. Philippidis, H .. and Ballard, F . J.: The dc
\'elopment of gluroneogl'n<'sis in rat li\'er , Bio
chl'm . J . 113: 651 , 1969. 

39. Ballard, F. r, and Oliver, I. T .: Glycogen 
metabolism in embryonic chirk and neonatal 
rat li\'er, Biochim. Biophys. Acta 71: 5 78, 
1963. 

40. Rossum, G. D. V. Van .: Respiration and gly
rolysis in liwr slices prepared from rats of 
different foetal and post-natal ages, Biochim. 
Biophys. Acta 74: 15, 1963. 

41. Lea, M . A. , and Walker, D . G.: Glycogenesis 
in the guinea pig liver during dc\'elopment, 
Dev. Biol. 15: 51, 1967. 

42. Ballard, F. J., and Oliver, I. T .: Carbohydrate 
metabolism in li\'er from foetal and neonatal 
sheep, Biochem. J .' 95: 191 , 1965. 

43. Burch. H . B., Lowry, 0 . H., Kuhlman, A. 
M ., Skerjance , J . I;)iamant, E . J., Lowry, S. 
R ., and Von Dippe, P.: Changes in patterns 
of enzymes of carbohydrate metabolism in 
the developing rat li\'er, J. Biol. Chem. 238: 
2267, 1963. 

44. Mersmann, H . J.: Glycolytic and gluconeo
genic enzyme levels in pre- and postnatal 
pigs , Am. J. Physiol. 220: 1297, 1971. 

45. Vernon, R . G. , and Walker, D. G.: . Adaptive 
behavior of some enzymes invol\'ed in glucose 
utilization and formation in rat liver during 
the weaning period, Biochem. J. 106: 321, 
1968. 

46. Yeung, D . ,R ., Stanley, S., and Oli\'er, I. T.: 
Development of gluconeogenesis in rat li\'er. 
Effect oi triamcinolone , Biochem. J. 105: 
1219, 1967. 

47 . Ballard, F . J. , a nd Hanson, R . W.: Phosphoen
olypyruvate carboxykinase and pyru\'ate car
boxylase in developing rat li\'f'r, Biorhem. J. 

• 104: 866; 1967. 
48. Yeung, D ., and Oliver, I. T .: Factors effe,cting 

the pre".lature induction nf· phosphopyru\'ate 



I 
I 
I 
I 
I 
I 
I 
I 
~I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

J'o/11111e 82 
l\'u111ber 3 

carboxylase in neonatal rat liver, Biochem. J . 
108: 325, 1968. 

49. Melichar, V., Novak, M., Zoula, J., Hahn, 
P., and Koldo,·sky, 0 .: Energy sources in the 
newborn, Biol. Neonate. 9: 298, 1966. 

50. Cornblath, M., Ganzon, A. F., Nicolopoulos, 
D ., Baem, G. S., Hollander, R. S., Gordon, 
1\1. W .. and Gordon, H. H. : Studies of carbo
hydrate ml'labolism in the newborn infant. 
III. Some factors influencing the capillary 
hlnnd sugar and the response to glucagon dur
ing the first hours nf life, Pediatrics 27: 378, 
1961. 

51. Cornblath, M. , Wybregt, S. H ., and Baens, 
G. S.: Studies of carbnhydrate metabolism in 
the newhnrn infant. VII . Tests of carbohy
drate tolerance in premature infants, Pediat
rics 32: 1007, 1963. 

52. Schaffer, A. J. : Diseases of the newborn, 
Philadelphia, 1966, W. B. Saunders Company, 
p. 951. 

53. Farquhar, J. W.: Control of blood sugar level 
in the neonatal period, Arch. Dis. Child. 29: 
519, 195-t . 

5+. Cn·,• ry , R . D. G., and Parkinson, T. J.: Blood 
glucose changes in the newborn, Arch . Dis. 
Child. 28: 13-t, 195'.l. 

55. Ward, 0. D.: Blood sugar studies on prema
ture babies, Arch. Dis. Child. 28: 194, 1953. 

56. Nor\'al, M . A.: Blood sugar values in prema
ture infants, J . PEmATR. 36: 177, 1950. 

57. Haworth, J. C., and McRae, K. N.: The neu
rological and de\'elopmental effects of neonatal 
hypoglycemia, Can. Med. Assoc. J. 92: 861, 
1965. 

58. Lubchenco, L. 0 ., and Bard, H.: Incidence of 

Hypoglycemia in infancy and cliildliood 3 7 9 

hypoglycemia in newborn infants classified by 
birth weight and gestatirrnal age, Pediatrics 
47: 831, 1971. 

59. Lubchenco, L . 0., Hansman, C., and Boyd, 
E.: Intrauterine growth in length and head 
circumference as estimated from live birihs 
at gestational ages from 24 to 42 weeks, Pedi
atrics 37: 403, 1966. 

60 . Obenshain, S. S. , Adam, P. A. J., King, K . C. , 
Teramo, K. , Raivio, K . 0., Raiha, N., and 
Schwartz, R .: Human fetal insulin response t<, 
sustained maternal hyperglycemia, N. Engl. 
J. Med. 283: 566, 1970. 

61. Barrett , C. T. , and Oliver, T . K. Jr.: Hypo
glycemia and hyperinsulinism in infants with 
ery throbla~tosis fctalis, N. Engl. J. Med. 278: 
1260, 1968. 

62 . Cornhlath, M ., Odell, G. B., and Levin, E . 
Y.: Symptomatic neonatal hypoglycemia as
sociated with toxemia of pregnancy, J. PEot
ATR. 55: 515, ] 959. 

63. McQuarric, I. : Idiopathic spontaneously oc
rnring hypoglycemia in infants : Clinical sig
nificance of problem and treatment, Am. J. 
Dis. Child. 87: 399, 1954. 

64. Olson, M .: The benign e ffects on rabbit's 
lungs on the aspiration of water compared 
with 5 per cent glucose or milk, Pediatrics 
46: 538, 1970. 

65. Macy, I. G., Kelley, H., and Sloan, R.: The 
composition of milks, Bull. Natl. Res. Council 
119: I, 1950. 

65a. Greenberg, R. E. , and Christiansen, 0.: The 
critically ill child: Hypoglycemia, Pediatrics 
46: 915, 1970. 



I 
I 
I 
I 

l 
I 

THE EFFECTS OF EARLY AND LATE FEEDING OF 
INTRA-UTERINE FET ALLY MALNOURISHED 

(IUM) INFANTS 
lole F. Rabor, M.D., William Oh, M.D., Paul Y. K. Wu, S.S., M.8., Jack Metcoff, M.D., 

Mary A. Vaughn, R.N ., and Marjorie Gobler, R.N. 

Department of Pediatrics, ;\lichacl Reese 1losl'ital and Medical C1mter, 
and Chicago Medical School, Chicago 

:\IlSTR:\CT. The dTcch of early versus late fecd
in~ \Wrc t'\'.1lu.1ll'd in 2~ infants with intra-uterine 
fetal malnutrition ( Ili\1). TI1e criteria for IUM in
cluclc: ( l l hirth weight below the 10th pcrccntil<' 
of the Col,1r:ido•s intr:i-utcrine growth chart, ( 2) 
bndy kn:!th h,n:-:,·r than expected for weight, and 
( 3) sil!ns of po,tnuturity cll'Scribed by Clifforcl. In 
13 IC\! inf.mt< whose birth weights exceeded 
:'!.0-10 /!f11, the bl,")(><) glucose levels, acid-base status, 
ant! cakium .11,d ma~nt,sium values were compara
ble to those of 10 nonmaluourishcd control infants. 
E:irh- ( 4 hours) or late (:'!I hours after birth) oral 
frc,i'in~ did not altl·r tht'ir v.1111,·s during the first 
-IS hours of life. In 15 n•\t infants who wciglwd 

D ECI:::\1 STUDIF.S have shown that early 
L\... feeding of low birth weight (LBW) 
infants m:1y h:1ve bcn<>ficial effects on their 
_:?;lucosc homeostasis and bilirubin me
tabolism. 1 - • Lil\\' infants fed at 2 hours 
;1iter birth kl\'e significantly higher scrum 
glucose values and lower serum hilir,,~in 
levels during the first 24 hours and at 96 to 
1-14 hours of age, respectively.· The early
fed babies aiso appe;ued to have stored a 
greater amou11 t of liver glycogen reserve, as 
showr. by .1 higher response to the gluca
gon-epinephrine t◊lernnce test a t 24 hours of 
age in comparison to those infants whose 
first fee<lin~ ,,·;·,~ debye..l to 24 h0urs after 
birth. Infa.nt~ ,,·; th intra-ute,ine fetal mai
nutrition (ll"'.\i . may have,, lower hepatic 
glyco~en r"' ~,:,.- ,·~ at birth and potentially 
.ue mor,.:, _,:v,. -., tO de, ,•:up symptomatic hy 
pog!ycem: . , .. 1~ing fr,t: r..-:onatal period.··· 

less than 2,0-10 gm at birth, 3 of 9 late-fed infants 
( 24 hdur~) clt'vdop,·<l symptomatic hypo.~lycl'mia, 
while none of 6 ea rly-fed infants ( 4 hours) devel
oped such <lilllculty. The blood glucose vaiu(•s a t 
48 and 72 hours of age and respo~sc to gl11cago11-
q1inephrin<' tolerance tests at 24 hours of life were 
si~incantly higher in the early-fed group. These 
observations suggest that the early feeding of in
fants with Ill~t. and birth weight below 2,040 gm 
may cnhant'c glucose homeostasis in early neonatal 
life and prevent ner111atal symptomatic hypoglyce
mia . Pedil1trics, 42:2G l, 19G8, NEwnonN INFA1'T, 

INt"ANT NlITRITION, MALNUTI\ITION, IIVPOGLVC:t'.l\,flA, 

FETA L 11,ULNUTIIITION. 

Recent surveys by Wybr.egt, et al.; ai!cl by 
Pildes, et al.A have demonstrated a high in
cidence of hypoglycemia in IUM infants 
during the early neonatal life. Since the 
symptomatic hypoglycemia is a conse
quence of disturbed glucose homeostasis n · 
sulting from inadequac:y of exogenous giu
cose supply, glycogenolysis, and perhaps 
gluconeogenesis, it was the purpose of this 
study to determine whether early adminis
tration of feeding may favorably promote 
glucose homeostasis among the IU\1 in
fants as it did for the LBW nonmalnour
ished infants. 

MATERIALS AND METHODS 

'i~wenty-eight infants with :-.ign.,; 0£ intr;:.
uterine fetal malnutritior, ( It;M 1 .~cimitteci 
ro the Miei,ael Reese Hospital and \le<lic.1! 
Center from October 1966 to \fay 196:' 

( R,·Cl'., ,,,_ ~- . ,,mber .S, 1967; ,.:!vision ., ;·cepted for publicatior, February i2, 1968. i 
Tl.is \\\ ,,;., ., .. s partially supported by The Children's Bureat.: Grant r-:c. H-172 ( CI i oi the v ~

Departml':1t ,,. Ik1lth, E<luca:ion and \Ve:fare, \Vashington, D.C., Infant's Aid Soc1c,y ,if Chic.:.~o. anc. 
Kunstadtcr Rt·se.uch Fund, '.\1ichael Reese Hospira) and Medical C..:nter, Chicago, !llmoi~. 

ADDRESS FOR REPr<INTS: ( W. 0.) Depar;tment of Pediatrics, Michael Reese Hospital and Medical 
Center, 29th and EUis Avenue, Chicago, tUino1s 60616. 
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.-\BSTR:\CT. The efTc-ct, of Nrly versus late feed
in~ wcrc t'\',1lu.1ted in ~~ infants with intra-uterine 
fetal malnutrition ( Ili~I l. TI1e criteria for IUM in
duclc: (I) hirth weight be-low the 10th pc-rcentile 
of the Col,~rado's intra-uterine growth chart, ( 2) 
body 1.-n~th lon,.:,•r th:111 expected for weight, and 
( 3) sil!ns of p,,- tm.i turity described hy Clilforcl. In 
13 It:'.\! inf.int, whose birth weights exceeded 
::!.0-10 l!'"l, the hl,10d glucose levels, acid-base status, 
and calcium .ind mag,wsium values were compara
ble to those of 10 nonmalnourish<'d control infants. 
E:irh- ( 4 hours ) or late ( ::!-1 hours after birth) oral 
ft'<'tfin~ clicl not alkr tht'ir v.1luc-s during the first 
-IS hour.; of lifc-. Iu 15 ll'~I infants who weighed 

RECI:::-.."T STUDIES have shown that early 
feeding of low birth weight (LBW) 

infants may h:n·e beneficial effects on their 
~lucose homeostasis and bilirubin me-

..,tabolism. >-< LBW infants fed at 2 hours 
aiter birth h:1vc: signifk.rntly higher serum 
glucose values and lower serum bili::,~1-::in 
levels <luring the: first 24 hours and at 96 to 
1-14 hours of age, respectively.· The early
fed babies aiso appe~ued to have stored a 
greater amount of live:: glycogen reserve, as 
shown by ,1 hi~her response to the giuca
gon-epinephrine tolerance test at 24 hours of 
age in comparison to those infants whose 
first fee<lin~ ,,·~,s delayeJ to 24 h0urs after 
birth. Infant, \,·ith intra-ute.:ine fetal mal
nutrition (ll".\, . may have,, lower hepatic 
glyco~en r.::-..::,·~ at oirth and potentially 
:ire mo:-,:- _._·.:, .. '- w de\ ,•:up symptomatic hy 
poglycen,: . , .-i~ing fo.: r.c:onatal period.··· 

l<"ss than 2,0-10 gm at birth, 3 of 9 late-fed infants 
( 24 hours) dl'vl'lopc<l \)'mptomatic hypo.~lyccmia, 
while none of G early-fed infants ( 4 hours) clcvd
opccl such difficulty. The blood glucose va·lu<·s at 
48 and 72 hours of age and response to glucagon
l'pinephrinc- tolerance tests at 24 hours of life were 
si~ificantly higher in the early-frcl group. These 
observations suggest that the early feeding of in
fants with Ill~f, and birth weight below 2,040 gm 
may cnhanl'e ~lucose homeostasis in early ncon;ital 
lifo an<l prcv('nt nemiatal symptomatic hypo~lycc
mia. Pedk1trics, 42:261, 1968, NEwnonN INFAl'iT, 
INFANT NUTRITION, MALNUTRITION, IIYPOGLYC:t:MIA, 

1-'ETAL l\lALNUTIIITION. 

Recent surveys by Wybregt, et al.; a.:0 by 
Pildes, et al.R have demonstrated a high in
cidence of hypoglycemia in IUM infants 
during the early neonatal life. Since the 
symptomatic hypoglycemia is a come
qucnce of disturbed glucose homeostasis r, • 
sulting from inadequacy of exogenous glu
cose supply, glycogenolysis, and perhaps 
gluconeogenesis, it was the purpose of this 
study to determine whether early adminis
tration of feeding may favorably promote 
glucose homeostasis among the IU:\1 in
fants as it did for the LBW nonmalnour
ished infants. 

MATERIALS AND METHODS 

'.Cwemy-eight infants with .,igw: 0£ intr •• -
uterine .fetal malnutritlm, ( IC\-1 1 c:cimittcci 
m the Mici,ael Reese Hospital and ~Ie<lic:.1! 
Center from October :!.966 to \,fay 1867 
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Fie. l. Birth weights of study infants plotted against tJ\eir gestational ages 
on the Colorado's growth. chart.' · 

were the subjects of this study. Thirteen in
fants whose birth weight exceeded 2,040 
gm were admitted to the full-term nursery, 
while 15 others whose birth weights were 
less than 2,040 gm w~re confined to the 
"premature" nursery. Our hospital policy 
specifies 2,0-10 gm ( 4 lb, 8 oz) as the 
weight limit for admitting infants to prema
ture nursery. The criteria for IU'.\'l were . 
( 1) birth weight lower than the ] 0th per
centile of Colorado's intra-uterine growth 
chart'' ( Fig. 1); the calculation of the ges
tational age was based on the mother"s last 
menstrual period; ( 2) body length longer 
than expected for weight, and (3) signs of 
postmaturity as described by Clifford. 10 All 
infants studied fulfilled these three criteria. 
In addition, 10 infants w~ose birth weights 
exceeded 2,040 gm, were appropriate for 
their ~cstational a~C's, and showC'd no signs 
of postmaturity'" wc•rc us<'ll as conlrol suh
j<·<·ts. No <-011trol s11hj<•l"ls ,,·<·re selt·<·t<•<l for 

the infants weighing less than 2,0-10 gm. 
The influence of early versus late feeding, 
particularly on the glucose homeostasis, of 
non-malnourished infants whose birth 
weights were lC'ss than 2.0-10 gm have been 
reported previously.' These data arc cited 
as control values for the Il'\1 infants 
weighing less than 2,0-10 !:';111 in the present 
srndy. The clinical managt·ment. p<'rsonnel. 
proc<'dures. and .::onditi1JJh in the nursery 
were the same in hoth stu<ties. 

The birth weight, ~l'Sta!ion. ll'ng th , head 
circumferl'nce, and sex differt•nces of the 
studied infants are listed in Tabk· I. 

The assignment of infants to <'ither early 
or late-fed group depended upon the age 
when the infant was incorporated into the 
study group. If the su hjC'ct was youngt•r 
than 4 homs of agt•. lw was inclml('d in the 
t'arly-f<'tl group: otlll'rwiw. lw was assigned 
to the late-ft•<! group. In tlw foll -ll'rm 11ur
s1·ry, fiw Ill \! infant~ ( liirth ,n·i~h t >::! ,O !O 
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~m) wcrl' fed a 20 c;\lorics per ounce for
mu b O ;\t -1 hours of age (early-fed group) 
;\ml the subsequent frt•dings were given at 
-!-hour intcn-als. Eight of the IU~l infants 
were first frel at 2-1 hours of age ( late-feel 
group). Ten control infants were equally 
divided into two groups ( early and late-fed 
groups) and \\'ere feel in the same fashion as 
in the IU~l infant groups. 111e· volume and 
caloric intake of the early-fed group during 
the first 2-1 hours of life averaged 41 ml/kg 
and 26.6 cal/kg, respectively, for the IUM 
group and 39.1 ml/kg and 25.9 cal/kg, re
spcctin~ly, for the control group (Table 
II). From 2-1 to 72 hours of age, the early 
and late-feel groups ( both IUM and control 
groups) had similar volume and caloric in
take. The infants were kept in an open crib 
and \\'ere elresscel in a cotton shirt and dia
pered; one flannel blanket was wrapped 
around them. The room temperature was 
maintained at an average of 76°F and rela
tiw humidity was kept at 60%. None of 
these infants had difficulty during the study 
period and \Yere discharged at 48 to 120 
hours of age in good condition. 

In the premature unit, the IUM infants 
" ·ere• free of congenital anomalies and were 
;n fair condition when admitted to the 
stud~·- Six of these infants \\'ere given intra
\'enous fluid ( 10; dextrose in water) at 80 
ml/kg/ 2-1 hour~ ( 32 calories/kg/2-1 hours) 
beginning at 2 to 4 hours after birth. These 
;1n:· the c,-,rlv-fed infants. In nine other IUYI 
babies, the reeding (orally) was started at 
2-1 hours of age; the oral feedings for both 
ear:y and 1ate-fed groups \\'ere given at 
3-hour intcn ·:-,ls. 111e volume ancl total calo
ric in t.1kC" ior the early-fed group of infants 
during tLc ii :-sr 21 hours of life averaged 
78.7 ml / kg ;,nd 31.4 cal/kg, respectively 
( Ta hie II ). 11~e volume and caloric intake 
or suhscs_ ,:c:-i. iecci ir,gs were comparable 
for bo~h c,1:-ly and :ate-feel groups of in
fa ncs. Th<" -:-,,Jorie i:1take during the first 5 
clays of l ik ;,·.nged from 30 to 78 cal/kg/24 
hours. Th,,_,(' infants \\'.:>re ker>t in incubators 

0 
.-\ prnpnl' l.lry ionn ula (Similac ) was used. The 

caloric dbtrilmtions were: protein 111, carbohydrate 
42~. and fat 47'... 

TABLE I 

lh11T11 \V ►:1G11T, (;t~-;TATION, I.t:sc;T11, lh:AII 

Cmc1a1n:11t::-.n:, AND St:x cit' 28 INTIIA

trTIWINt: MA1,M11rn1sm:o (IUM) ANIJ 

10 CoNTIIOL INFANTS 

IU.M Control 
---

Daia <t,0-W >t,040 >2,040 
gm gm gm 

Birth weight 1,630 2,SOO 2,860 
(gm) ± 380 ± 270 ± 230 

Gest11tion (wk) 36.0 40.:l !W . 'I. 

± 2.0 ± 1.0 ± 1.6 
Length (cm) 43 .6 47.8 40.6 

± S.7 ± 2 . 1 ± l.5 
Head circumrer- 20.4 32.7 83.5 
encc (cm) ± 2 .0 ± l.O ± o.s 
Sex 

Mnle 2 6 2 
rcmnle 13 '( 8 

Number or infants 15 JS 10 

:\lt-nn±SD 

at 50 to 60% humidity. Axillary tempera
tures were taken every half hour after ad
mission until it became stabilized at 97°F 
to 98.6°F. Subsequently, the temperatures 
were taken every 8 hours. 

Blood glucose, blood gases, and serum 
calcium and magnesium were determined 
at 24 and 48 hours of age in the > 2,040 gm 
group and at 24, 48, 72, and 96 hours in the 
< 2,040 gm groups of infants. Blood speci
mens for glucose were obtained by heel 
puncture and precipitated at cribside with 
barium hydroxide and zinc sulfate, and the 
filtrate was analyzed for glucose with a glu
cose oxidase method. 11 Capillary blood pH, 
pCO2 and buffer base were determined by 
the micro-Astrup method. 11 Serum calcium 

TABLE a 
VoLr~n: ., :-D CALOTuc IsTA-...:t: ,•,:n K,L<>G1<.u1 Bo.:>v 

\\'r:,GHT OF EAlll,Y-n:o i:-;FASTS D1:111sc 

1·11t: FrnsT 'l-l, Ilotrn!-> 

Dntn 

Dirth wei;.:hl (Jlmi 
Volume inta~e (ml/kill 
Caloric intake kal/k1t) 

l(I.\( 

<,c: 10-.u 
78.7 I 

s1.• I 
><t .O,u 

t1. o I 
M.G j 

(°n,,trol 

> ~ . 010 
89 . 1 
U.9 
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TADLE IV 

C1.1s1c AL Sl•MM .'1W o r T1110: E INTIIA- UTF.RIN•~ l\fALNOURll'lllt:o INFANTS• 

\\'no lh:vF.LOrEo Sn1PTO:IIATIC HYPOGLYCEMIA 

.\l,~~rr In/a.I 

I G . 
Fi,,i l .cnrrd 

1/111,,,M BirtA L,n~A Co,.dilinN S11mplo,,., D/Md 
/Jurin, (.-I,) 

S,z W,i,111 (tM) al BirtA anJ Ai• St11nr anti 
rrr~naNtN <, .. > (Ar) A,, (Ar) 

-·- ---

r,,,.,,,.,,,., I .,.,nl,o• 
__ I ___ -------

I !U nt>ttath·e :,0 F 1,420 43 good Tn,mor--19 6-20 J .V. glu, _ 

! ACTII 
- --.---
i I ii ne~ati,·e :,0 F 1,200 42 6r.t ureatb . Tn,mor- 21 l&--21 1.V. glue,_ 

delayed ACTH 

- .-, I 
-

~ i t~ , hmnic Sl.5 111 I , 190 S8 lair Apnea and s--d · 1.V. gluc.-e I hyrK"rlf'n•ion c:yano11ia 20 llleroid 

- -- - -
• All inlanla • ·ere Ne'"'. 

hlath, et al.6 and all three infants responded 
clramatic-ally to intrawnous administration 
of 50';. ~l11cose with relief of symptoms. A 
dinical summary of these three cases is pre
sented in Table IV. All three infants were 
below the 10th percentile of Colorado's 
growth chart ( Fig. I ) . Two of the three in
fants showed signs of second stage, and one 

of third stage of postmaturity as described 
hy Clifford.10 

Fi~ure 3 shows that early fccdin~ of 
IUM infants ~vcighing less than 2,010 gm 
produced a significantly higher blood glu
cose level at 48 and 72 hours of age ( t test 
showed a P value of < .05 and < .02, respec
tively). Wu, et al. 4 demonstrated a sitnilar 

TADLE V 

BLOOD pll, pCO2, HCO •• SERUM CALCIUM AND MAGNESIUM OF 15 INTRA-UTERINE 

l\lAL.'iOURISHED INFANTS WEIGHING <2,040 OM 

Data 
--- - ----------

Age (hr) 24 

Early Fed II Lale Fed 

_ 48 I 72 I 24 j 48 I 72 
- -- -------,----1 I 

pl! ! . 7.S8 I 7.58 I 7 .56 I , 7 .56 I . 7.57 j , 7 . -40 
: = o. 12 : I .015 ± .010 I :r .009 :!: .015 I .015 

--·---i- --· - - -----,----- i I - -----

p( '02 (mm Ilg) 41.7 I 42.5 26 . S I 40 .9 I 58 .8 52.0 

± 41. l i_± 4 .6 - :!: 4 .0 1· :!: 6 .S __ I ± _4 .2 I ± 5.6 

11<'0, mEq/i 

~'-·n.11, '-•a;t•iurn 

,11,.:: l1HI 111! 

:""-( •r: dlJ u1;1;,:11,·~Hlli i 

,in ~ I ~llo ;nl) 

:--;uml><·r of i11 fn11t~ 

~ic11 11 ±S.J-:. l\1. 

i 

-I 
i 
I 

' I 
5S .S j 5S .& 54.5 : 53 .1 j 48 .6 , 53 .~ 

r. 7 .4 I I 5.5 1 ± 6 .9 J ± 2 ./; i ± S.C I ::!: 3.8 
- - · ... ____ ;_ --- ---;------·- l---·· ·- - .. I _______ __ i _ __ --

1 • I 
10.G , n.~ I 8 . 41 1 

:t 1.s l :t o.4 , ± o.4 ! --r: v .8 
_ -J - - --. - I __ - - -1-- . _ 
1. h I 1. li I 2 . l I ~ .il 

0 . 10 ' :!: 0 . H j ± 0.18 ::t 0 .09 ' -------------

~- • I;,! 7 .LJ I l\ .~ 
_ 0 .8 ! = O.u 

I ., 
., - I .., ' 
- • l I •, I 

± 0 .06 I :!: (l.0li 

0 Ii 
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• Early fed, "'•on t S . E. 

0 Lale fed, mean !S.E. 

(1) (6) (61 

I------I~; (5) 

(9) (7) 

hours of age. The blood pH, pCO~. BB, 
serum calcium ancl magnesium were not af. 
fected by the timing of first feeding ( Tahl1· 
V). 

The hyperglycemic response to gluca
gon-epinephrine challenge was higher in the 
early-fed IUM groups of infants as shown 
in Figure 4. The difference between early 
and late-fed groups was significant at 30 
and 60 minutes after the glucagon-epineph
rine administration ( p < .05). 

COMMENTS 

o-------------------

This study shows that the metabolic state 
of the intra-uterine malnourished ( JU:\1) 
infants <luring the early neonatal period 
may vary. The variation may he dependent 
on the duration and severity of the pathol
ogy that causes the intra-uterine fetal mal
nutrition. \Vhen the IU\! infants were 
grouped into two weight categories, it be
came . apparent that the larger IU\l infants 
( birth weight > 2,040 gm) did not manifest 
clinical and laboratory evidences of meta
bolic disturbance and that their glucose 
values, acid base status, serum calcium and 
magnesium level, and presumed liver glyco
gen stores were within the normal range. It 

0 24 48 72 
AGE IN HOURS 

FIG. 3 Effect of early ( 4 hours) versus late feeding 
( 24 hours) on the serum glucose values of intra
uterine malnourished infants weighing <2.040 gm 
at birth. P values at 48 and 72 hours of age are 

<.05 and <.02, respectively. 

effect in infants with birth weight appropri
ate for their gestational age, with a signifi
cant difference in response apparent at 24 

BLOOD 
GLVCOSt , ..... , 

140 

120 

,00 

A Eo,1, fed. "'•o" tS .E (~) 
A Loi• fed~ "'•o" :S .[ (&) 

I 
eo 

~I I I 
~I -i--.;::-

'1-~ ------1 
4()_ 

20 

• o,_ _ _. __ ..._ __ ._ _ _. __ ..._ __ ._ _ _. __ ..._ __ ._ _ _. __ ...... __ 
0 30 60 80 120 1!>0 180 

TIM[ IN MINUT[S 

FJC. 2. Glucagon-epinephrine tolerance curves of five early-fl'<l ancl 8 !alt-
fed intra-uterine malnourished infants weighing >:2,040 gm at bi1th; pt·!'· 

formed at 24 hours of age. 
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268 FETAL MALNUTRITION 

trirpester of pregnancy. u, 15 In experimental 
animals, Emmanouilides, et al. 16 have 
shown that ligating one of the umbilical ar
teries during mid term of pregnancy in 
sheep could result in the birth of low birth 
weight, malnourished, newborn lambs, sug
gesting the possibility that the factors caus
ing IUM most likely operate during the last 
trimester of pregnancy. It can be postulated 
from these two observations that, iri IUM, a 
pathological event such as decreased uter
ine blood flow demonstrated by Emmanoui
lides and co-workers16 could limit the provi
sion of substrates necessary for the fetal he
patic glycogencsis, which normally occurs 
during the last trimester. 1 ~ In normal in
fants, the hepatic glycogen level normally 
falls rapidly during the second to the third 
day of life.15 It seems likely that in the 
IUM infants this rapid fall in liver glycogen 
coupled with decrease<l liver glycogen re
serve, increased metabolic rate,1

; withhold
ing of feeding, and perhaps some defect in 
adrenal medullary functions 18 could lead to 
the development of hypoglycemia. 

In Beard and co-workers' study, 1 five of 
seven infants with birth weights below the 
10th percentile of Lubchenco's curve, and 
whose feedings were withheld for 72 hours, 
had blood glucose levels of less than 25 
mg/ 100 ml, although none developed symp
toms referable to hypoglycemia. These find
ings are very similar to the ones found in our 
study. 

In our smaller IUM babies ( birth weight 
less than 2,040 gm), whose first feedings 
were withheld for 24 hours, the limited 
liver glycogen reserve was demonstrated by 
their reduced response to glucagon-epi
nephrine administration. Three of these in
fants had the typical symptomatic hypo
glycemia described by Cornblath, et al.,e 
suggesting failure of adaptive mechanisms 
necessary to maintain a normal glucose 
value. In this type of inf.mt, early provision 
of calories and carbohydrates improved 
blood glucose values and glucagon-epineph
rine response, indicating that early feeding 
may enhance the infant's ability to maintain 
a normal glucose homeostasis and at the 

same time restore liver glycogen reserve 
sooner than if the initial feeding were de
layed. 

The effects of early or late feeding of low 
birth weight infants on glucose homeosta\is 
have been described previously.1 ·~ These: 
studies concerned low birth weight infants 
appropriate for gestational age who pre
sumably did not have IUM. The similarity 
of changes in carbohydrate metabolism in
duced by early feeding, particularly in the 
small infants who weighed less than 2,0--10 
gm, suggest that the metabolic systems re
sponsible for such activities are probably in
tact and similar in both non-malnourished 
and malnourished groups. Provision of a 
necessary substrate by early feeding may 
rapidly augment the insufficient hepatic re
serve incurred during these infants' intra
uterine existence. 
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Plasma Glucose Levels in Infants Weighing 2,500 g and Less 
Fed Immediately after Birth with Breast Milk1 

R.K.D1TCHBURN, R.H. WILKINSON, PAMELA A.DAVIES and 
PATRICIA AINSWORTH 

There are now several reports of blood sugar levels during the first 
days of life in infants classified as premature [1, 2, 3, 4]. As HJELM and 
SJOLIN have pointed out [5], it is difficult to compare them or estimate 
their reliability, for earlier studies have measured total reducing 
substances or 'true sugar', while more recently the introduction of the 
enzymatic glucose-oxidas~ methods has made it possible to record 
glucose. There are certain precautions in technique necessary to avoid 
fallacious results [3, 6], and clinical details of infants tested should be 
known, as it is now apparent that sex, race and birthweight may 
variously affect blood sugar levels [3]. Correlations with precise food 
intake have been surprisingly few; indeed it is clear from many of the 
reports that the infants have been starved initially. It is the purpose of 
this paper to report blood sugar levels (estimated as plasma glucose) 
in infants fed immediately after birth and during the first 4 days of life 
with undiluted breast milk. 

Method 

Fifty-three infants weighing 2500 g or less at birth were studied. Thirteen infants 
weighed 2000 g or less, and 40 between 2001 and 2500 g. Twelve infants were born at ges
tations less than 34 weeks, and 41 at varying times thereafter. There were 28 males, and 25 
females. Only one of the infants was a Negro. Eighteen were more than 2 standard devi
ations below the mean birthwcight for their gestation (using standards of the National 
Birthday Trust's Perinatal Mortality Survey of 1958). They were all fed undiluted breast 
milk whenever possible, though a few had a half cream dried milk towards the end of the 
4 day period. In the first 24 h of life they were given 60 ml/kg body weight, on the 2nd 

1 A shortened version of this paper was read by one of ua (PAMELA A.D.wms) at a 
meeting in Kyoto, 1965, following the XI. International C.OOgreaa of Pediatrics. 

* Reprinted with the permission of the piblisher and author. 
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day 90 ml/kg body weight, on the 3rd day 120 ml/kg body weight, and on the 4th day 
150 ml/kg body weight. These totals were sometimes exceeded slightly on the 3rd and 
'4th days in infants small for their gestation. The technique of feeding has been described 
previously (7). 

Whenever possible cord blood was collected at delivery. Estimations were made at 
approximately 24, 36, 48, 60, 72 and 96 h after birth, using capillary blood from the heel. 
Spccimcna were always collected just before i feed was due. Intervals between feeding 
varied according to the clinical condition and size of the infant, from t to 4 h. Blood was 
·collected into a tube containing fiuoride, and centrifuged immediately for 5 min. It was 
then stored at a temperature of 4°C until estimations were made by the glucose oxidasc 
method in an Auto Analyzer [SJ. In the early part of the study some of the cord blood 
samples were left for some houn before they were centrifuged and put in the refrigerator. 

Results 

Levels of plasma glucose of 53 infants at intervals after birth are 
shown in Fig. 1. The line joining the means is also drawn in all the 
remaining figures. Female infants have higher mean levels than males 
during the period tested (Fig. 2), and infants weighing 2001-2500 g 
have higher mean levels than those weighing 2000 g and less (Fig. 3). 
None of these differences arc statistically significant. Infants whose 
birth weight was more than two standard deviations below the mean 
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Fig. 4, Mean levels in infants with birth weight more than two standard deviations below 
mean for gestation (18). 

for their gestation show a mean curve very similar to that of the group 
as a whole, with slightly higher values from 60 h onwards (Fig. 4). 
The mean levels for cord blood cannot unfortunately be regarded as 
accurate, as some of the specimens were left at room temperature for 
varying periods after collection. 

Dimnsion 

The reliability of various methods of determining glucose in newborn 
infants has recently been assessed by HJELM and SJ6LIN. Certain 
precautions must be observed to avoid falsely high or falsely low 
readings. In a series of preliminary experiments it was found that 
whole blood collected into fluoride tubes and centrifuged immediately 
yielded plasma in sufficient quantities for the specific enzymatic 
glucose method. The levels of glucose remained constant within the 
experimental error when the plasma was analysed at varying intervals 
up to 24 h, providing it was stored at 4°C. The glucose oxidase 
method removes the fluoride from the plasma as magnesium fluoride 
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before dialysis. Immediately after this removal, the dialysate reacts 
with the enzyme dye mixture. We estimated glucose in plasma rather 
than whole blood in order to eliminate the risk of error from glycoly~is 
and remove the effect of hacmatocrit variation. Our results would 
read approximately 10-20 mg% higher than a whole blood sample, 
and must be interpreted accordingly. It has been known for some 
time that blood sugar levels in the early neonatal period are lower 
than those in older children and adults. They may fall very low in the 
first 24 h of life [9]. In our investigation the lowest mean value after 
this period found in 53 infants was 54.1 mg%, and occurred at 36 h 
following delivery. The apparent lower mean values in male infants 
and in those of lower birth weight and maturity, confirm the similar 
findings by CoRNBLATH et al. [3]. 

It was not until 1959 that abnormal neurological behaviour after 
the first 24 h of life was correlated in certain infants with persistently 
low blood sugar levels (below 20 mg%) and the symptoms relieved 
by the administration of intravenous glucose [10]. This and subsequent 
reports by CoRNRLATH and his colleagues have given much impetus to 
the study of symptomatic hypoglycaemia in the neonatal period. 
Among infants classified as premature (2500 g or less at birth) there 
arc many who arc abnormally small for the period of gestation and it is 
generally agreed that they are at greatest risk [10, 11, 12]. Symptomatic 
hypoglycaemia is an important condition, for it is now clear th~t a 
substantial number of the affected infants, some despite apparently 
adequate treatment, later show severe mental retardation [11, 12]. 
SMALLPEICE and DAVIES [7] have suggested that this condition is 
largely avoided by the · immediate, liberal and frequent feeding of 
breast milk. The plasma glucose levels shown here for infants more 
than two standard deviations below mean birth weight for their 
gestation support this view (Fig. 4). It is also reinforced by the fact 
that for the past three years no infant with symptomatic hypogly
caemia has been seen in a much larger group of infants on the same 
feeding regime as that described here. Truly immature infants, of 
whom there are relatively few in this study, have mean levels lower 
than the group as whole. Nevertheless over the same period of time, 
careful follow up of a larger group of such infants does not show 
any seriously retarded [13]. 

Although in the established case of symptomatic hypoglycaemia 
intravenous glucose has a dramatic therapeutic effect, it is clear that 
low glucose levels alone are not responsible for symptoms, for 
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certain infants with levels below 20 mg% may be asymptomatic and 
develop normally. Other biochemical abnormalities, of which a low 
lactate level may be only one of many [14, 15], probably coexist when 
symptoms occur. It seems likely therefore, that breast milk exerts its 
beneficial effect in other ways than providing the necessary, glucose. 

S11mn1ary 

Plasma glucose levels (at intervals from 24 h until the 4th day) were 
estimated by an Auto Analyser glucose oxidase method in 53 infants 
classified as premature by birthweight. All were fed immediately 
after birth with undiluted breast milk whenever possible, at a rate of 
60 ml/kg body weight in the first 24 h, increasing to 150 ml/kg body 
weight by the 4th day. 

The lowest mean plasma glucose level, 54.1 mg% occurred at 36 h 
of age. Persistently low levels were not seen in any infant. Male infants • 
and infants of low birth weight had mean levels lower than those for 
the group as a whole. 

1 Mean plasma glucose levels of infants of birth weight more than 
two standard deviations below the mean for gestation did not differ 
from those of the group taken as a whole. 
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OXYGEN THERAPY, CLYSIS 

• • -----~---~--------L 



8, OXYGEN USAGE s For years we have 11 ved under the impression that if 

an infant appeared blue, he always needed more oxygen, This may be true for 

the •ture infant, but unfortunately, this is not true for the iDlJll&ture 

infant, Many iJ11J11&ture babies are quite cyanotic and have F02's in the 

clearly toxic range. Conversely, we also realize that an immature infant 

in oxygen concentrations approaching room air can develop retrolental fibro

plasia, The upshot of all this is that the small hespti al can be held culpable 

unless they can adequately demonstrate that they can follow blood F02 levels 

accurately, Few s•ll hospitals have accurate micro blood gases available, 

and for this reason we feel that an immature baby, who requires oxygen, should 

be referred at the earliest possible convenience, We would like to stress that 

referrals should be early, for indeed, if delay occurs the opportunity to offer 

this child a reasonable chance at a normal life is frequently lost, The 

correction of acidosis, hypoglycemia, etc,, must occur soon or irreparable 

damage is done, Too many times people look upon referrals as a defeat, and 

we encourage you to think of this in different terms, If we look upon the 

final outcome of the infant, then an appropriate referral becomes a victory 

for all concerned, 
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but high humidities are not necessary for body temperature 
maintenance when the principal heat pr.otection is provided 
from radiant sources rather than from warming of the air in 
the incubator. 

OXYGEN THERAPY 

Need for Oxygen 

I 

When a newborn infant needs extra oxygen, it must be 
administered with great care because there is a causal rela
tionship between a higher than normal (60 to 100 mm Hg) 
oxygen tension in arterial blood and retrolental fibroplasia 
(retinopathy of prematurity). When the normal oxygen ten
sion is exceeded, there is an increased risk of retrolental fibro
plasia. The upper limit of arterial oxygen tension and its 
duration which are safe for these infants is not known. It is 
probable that even concentrations of 40% oxygen in inspired 
air (formerly considered safe) could be dangerous for some 
infants. 

An inspired oxygen concentration of 40 % may be insuffi
cient for infants with cardiorespiratory disease to raise the 
oxygen tension of arterial blood to a normal level. In such in
stances, an inspired oxygen concentration of 60 % , 80 % , or 
higher may be necessary. However, it is difficult to judge by 
clinical signs the concentration of inspired oxygen necessary 
to maintain effective oxygenation of tissues in these infants. 
An infant may have peripheral cyanosis and yet may have 
a normal or even an elevated arterial oxygen tension. There
fore, arterial blood gas measurements are extremely impor
tant for regulation of the concentration of inspired oxygen 
when an oxygen-enriched environment is considered necessary. 

Recommendations 

1. A normal newborn infant has an oxygen tension in 
arterial blood of 60 to 100 mm Hg. It is recommended that, 
when newborn infants breathe oxygen-enriched mixtures, the 

* Reprinted with the permission of the publisher 
and author. 
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oxygen tension of arterial blood be kept close to this normal 
range. 

2. Inspired oxygen may be needed in relatively high con
centrations to maintain the arterial oxygen tension in the 
normal range. 

3. If blood gas measurements are not available, a mature in
fant who is not apneic but has generalized cyanosis may be 
given oxygen in a concentration just high enough to abolish 
the cyanosis. However, the infant born before 34 weeks' ges
tation or weighing less than 2,000 gm ( 4 lb, 7 oz) who re
quires an inspired oxygen concentration greater than 40 o/o 
for more than brief periods should be treated, where feasible, 
in a hospital at which the inspired oxygen concentration can 
be regulated on the basis of blood gas measurements.* 

4. The ideal sampling sites for arterial oxygen tension 
studies are the radial or temporal arteries. In most circum
stances, however, in hospitals where well established experi
ence has reduced the technical hazards, a sample from the 
descending aorta through an indwelling umbilical arterial cath
eter is satisfactory. 

5. Equipment for the regulation of oxygen concentration 
(as provided by some incubators and respirators) and devices 
for mixing oxygen and room air may not function properly; 
therefore, it is essential that, when an infant is placed in an 
oxygen-enriched environment, the concentration of oxygen be 
measured with an oxygen analyzer at least every 2 hours. 
The performance of the oxygen analyzer must be checked 
daily by calibration with room air and lOOo/o oxygen. 

6. Mixtures of oxygen and room air may be delivered to 
an infant by endotracheal tubes, masks, funnels, hoods, or 
incubators. Regardless of the method used, the mixture should 
be warmed and humidified. 

7. The condition of infants requiring oxygen may improve 
rapidly. Under these circumstances, the inspired oxygen con
centration should be lowered carefully in decrements that 

*The Committee recognizes that, at the present time, this represents an 
optimal standard of care; and, it may well be impossible to arrange for 

· such transfer because of lack of facilities and transport problems. The 
Committee hopes that, by making this recommendation, all concerned in 
the delivery of health care to the newborn infant will work toward mak
ing this standard a reality. 
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maintain the oxygen tension of arterial blood in the normal 
range. 

8. It should be appreciated that oxygen is toxic to organs 
other than the retina (e.g., lungs), which may be damaged 
even if the foregoing criteria are adhered to. To avoid pro
longed hyperoxic exposure of the lungs, if very high ambient 
concentrations of oxygen are required to maintain a normal 
arterial oxygen tension, a reasonable compromise may be to 
lower the oxygen concentration progressively after the first 
1 or 2 days, even though this may result in a somewhat lower 
arterial oxygen tension than normal. 

9. A person experienced in recognizing retrolental fibro
plasia (retinopathy of prematurity) should examine the eyes 
of all infants born at less than 36 weeks' gestation or weigh
ing less than 2,000 gms (4 lb, 7 oz) who have received oxygen 
therapy. This examination should be made at discharge from 
the nursery and again at 3 to 6 months of age. If there are 
no fundal . abnormalities on discharge from the hospital, no 
further eye examination is necessary. 
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RETRO LENT AL FIBROPLASIA IN A CY ANOTIC INFANT 

Robert E. Kalina, M.D., W. Alan Hodson, M.D., and Beverly C. t,-\organ, /.\ .D. 

From the Departments of Ophlhal111ology and Pediatrics, University of Washington 
School of Medicine, Seattle, Washington 

ABSTRACT. Proliferative retrolental fibroplasia 
was documented by ophthalmoscopy and histopath
ological study in a 940-gm birth weight infant with 
severe cyanotic congenital heart disease who died 
at the age of 11 weeks. Arterial oxygen tensions usu
ally considered to be r~1logic were not noted 
in this infant and woul<JA.-lppcar to have been possi-

T HE causative relationship of oxygen 
therapy to retrolental fibroplasia has 

been recognized generally since the publi
cation of the results of the cooperative 
study on retrolental fibroplasia in 1956.' 
The sporadic occurrence of retro'.ental 
fibroplasia in premature infants without ox
ygen therapy and, less frequently, in term 
infants has been mentioned previously but 
infrequently reported. 2

•
3 

This report describes clinically diagnosed 
and histologically proved retrolental fi.bro
plasia in a child with cyanotic congenital 
heart disease in whom significant patho
logic elevation of the arterial Po2 would not 
appear to have been possible. 

CASE REPORT 

A 940-gm Caucasian male infant with breech pre
sentation had an Apgar rating of 1 at one minute 
and 6 at five minutes and required resuscitation. 
Because of cyanosis and substernal retractions, he 
was given ox.ygen by free How over the face at 4 
liters /min for one hour and 3 liters/min until 
transfer. On admission to the University of Wash
ington Neonatal Intensive Care Unit at the age of 
4 hours, he had clinical and radiological evidence 
of mild hyaline membrane disease. Gestational a~e 
was estimated by physical characteristics to be 31 
weeks. An umbilical arterial catheter was inserted 
and 30% oxygen was administered via an oxy~en 
hood. Initial blood gases were Po,, 43 mm Hg; 
Pco,, 37 mm Hg; pH, 7.28. The inspired oxygen 
concentration was increased gradually from 30% to 

ble in view of the cardiac anomalies found during 
life and at autopsy. These observations imliL-ate 
that retrolental fibroplasia may occur in imma
ture infants in the absence of oxygen ah11 · , .. 

Pediatrics, 50:765, 1972, nETHOLE:--TAL Frn1«> 

PLASIA, Pl1EJ\1ATURITY, OXYGEN THEHAPY. 

GO% during the next eight hc,urs but the Po, did not 
rise above 94 mm Hg ( Table I) . By 12 hours of age, 
the chest radiograph showed partial clearing of the 
lungs. Although congenital heart disea,e wa, sm
pe<.:ted, there was no radiographic evid!:!nce of ear
diac enlargement. The oxygt'n concentr.ttion was 
reduced gradually to 40% by 2..J hours of age and 
by 44 hours the infant wa, breathing room air 
( Table I). Hespiratory distress was mild with con
si<lerable improvement by the third day of life 
when the arterial catheter was removed. 

On the third day, he was noted to ha,·c a grade 
2/6 systolic murmur along the left sternal border. 
Cyanosis was noted on day 4. By the 11th day of 
life he had regained his birth weight and was 
progressing satisfactorily, but cyanosis increased on 
day 12. Thirty per cent oxygen was given from day 
15 to day 17. The arterial Po, was 46 mm in 30% 
oxygen. Enlargement of the liver, tachypnea, and 
mild cardiomegaly were present by day 30. By the 
third week of life, the diagnosis of tetralogy of 
Fallot was made on the basis of mild cyanosis, a 
grade 2 systolic murmur at the base of the heart 
and single second heart sound; the electrocardio
gram showed right ventricular hypertrophy, while 
racliographs of the chest recorded dimini:;hed pul
monary vascular markings and a heart normal in 

Abbreviations 

F10 2 : Fraction of inspired m·ygen 
Pao2 : Arterial oxygen pressure 
Pco2 : Carbon dioxide pressure 
Po~: Oxygen pressure 
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TABLE I 

SERIAi, ARTF.RIAL OXYGEN TENSION VAl,UF..':! AND 

FR.\CTION OF INSPIRED Ox'l'GE!S 

Age F,01 Pa02 (mm llg) 

4 hours .8-.85 48 
5 hours .4 41 
6 hours .5 50 
8 hours .5 55 

11! hours .6 92 
10 hours .5 94 
20 how·s .4 65 
24 hours .4 64 
28 hours .4 GI 
82 hours .4 67 
35 hours .3.5 109 
86 hours .28 70 
40 hours .28 85 
44 hours .21 77 
56 hours .21 69 
82 hours .21 70 
15 days .26 46 
18 days .28 54 
11 weeks 1.0 88 
11 weeks 1.0 88 
11 weeks 1.0 84 

overall size but with a suggestion of right ventricu
lar enlargement; the aorta descended on the right. 
He was discharged at 6 weeks of age weighing 
1,820 gm. 

Binocular indirect ophthalmoscopy was per
formed through dilated pupils at weekly intervals 
beginning at day 12 until discharge and again at 
the age of 10 weeks. Dilatation and tortuosity of 
the retinal vessels at the posterior pole and intrare
tinal proliferation of new retinal ve~sels in local
ized areas of the temporal periphery ( stage 1 pro
liferative retrolental fibropla~ia) wa~ noted in each 
eye on day 19. Progressive increase in the vessel 
proliferation to involve the entire temporal retinal 
periphery in each eye occurred during the en~uing 
weeks, and proliferation of new vessels into the vit
reous ( ~tage 2 proliferative retrolental fibroplasia) 
was noted on day 33. Ophthalmoscopy was per
formed last on day 75 when the characteristics of 

TABLE II 

CARDIAC CATHETERIZATION DATA 

Catheter Position 

Right Atrium• 
Right Ventricle• 
Aorta (ascending)• 
Aorta (a.qcending)t 

• Infant crying. 
t Infant quiet. 

Saturation 

28% 
22% 
29% 
48% 

Pressure 

Mean=6-0 
68/lS 
60/81 
5'l/28 

stage 2 proliferative retrolental fihroplasia were 
noted again. 

The patient was readmitted at 11 weeks of age 
because of extreme cyanosis, grunting re~piration, 
and two hypoxic episodes on the <lay of admi ;sion . 
A cardiac catheterization was performed. Press ures 
and saturations recorded are shown in Table II. Bi
plane angiocardiography with injection of contrast 
material into the right ventricle confirmell the clin
ical diagno~is of severe tetralogy of Fallot \\'ith 
probable pulmonary atresia. ·11,e aorl:l was imme
diately opacifie<l but no pulmonary outflow tract 
was seen. A patent ductus arteriosus aro• e from the 
left subclavian artery, an<l the right and left pul
monary arteries filled via thi~ channel. There was 
marked ovcrriclin~ of the aorta with a rightcsi<lecl 
aortic arch and a heavily trabcculated hypertrophied 
ri~ht ventricle with a hypoplastic outflow tract 
without apparent continuity with the main pulmo
nary artery. The cardiac cathcterization-angiocar
<liographic dia~uosi, wa,: ( 1) tetralogy of Fallot 
with markedly hypoplastic or atretic right ventricu
lar outflow tract; ( 2) pulmonary blood flow via a 
patent ductus arteriosus arising from the left sub
clavian artery; and ( 3) right aortic arch. Beca,;:::e 
of the severe progressive hypoxia, a Waterston 
ana,tomo ,is between the ascending aorta and the 
right pulmonary artery was performed on the d \)' 
following cardiac catheterization, but cyanosis ar,d 
cardiac failure persisted and death occurre<l 48 
hours after surgery. 

PATHOLOGY 

A complete autopsy examination con
firmed the clinically diagnosed disorders of 
the cardiovascular system and eyes. The or
igin of the aorta overrode a ventricular sep
ta! defect and arched to the right. The right 
ventricular chamber was markedly en
larged. The pulmonary outflow tract was ex
tremely small with a rudimentary bicuspid 
pulmonary valve which had an op('ning less 
than 2 mm in diameter. A short left innomi
nate artery bifurcated into a left carotid 
and a left subclavian which communicnted 
via a patent ductus arteriosus with the hy
poplastic pulmonary arteries and the pul
monary outflow tract. The ductus arteriosns 
was occluded by a 0.3 cm thrombotic plug 
near the origin of the pulmonary arteries. 
The surgical anastomosis between the right 
lateral aspect of the aorta and the right pul
monary artery contained a thrombus. 
· The eyes were received in 10% formal

dehyde solution (Formalin), opened hori
zontally, and studied under the dissecting 
microscope. Tufts of white tissue projected 



1· 

I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I• 

ARTICLES 

.. ...,..,. , ~ . . ,, ' .... _ _ , ..... -. .. ... . . .' '. ~ .. .. '···, ~...__ .. -.._ ' .~~ ... ...,, - t ~ • • - ' ... • ' ·,~ . .... t ...:...;.. --- .,,--~ - ........ -
" ,~<\ ..... • ,~.~.-....~ ~.:? ... - . . ., .. : .... 

~ - . , 
- - • :111':iia. -
Fir.. L Surface proliferation of peripheral retinal vessel ( hematoxylin

eosin, X 160). 

767 

into the vitreous cavity from the termina
tion of the visible retinal vessels along the 
temporal equator in each eye. The eyes 
"Lre embedded in paraffin, sectioned, and 
stained with hematoxylin-eosin or PAS
hematoxylin. Microscopic examination re
vealed abnormalities limited to the tempo
ral periphery of the retina in each eye. 
Retinal vessels had left their normal po-

sition within the retina to lie on the surface 
of the retina ( Fig. 1) and to enter the 
vitreous cavity ( Fig. 2). The pathologic 
diagnosis was retrolcntal fibroplasia, pro
liferative stage 2, both eyes. 

DISCUSSION 

The c·ase reported documents the occur
rence of retrolental fibroplasia in a child ap-

_;....,:_;\,,,,; ~ ·~ ~ - -,--:.-~-2" ·•.-:,,;r~~ !!,,l'!I .~~-• ...,~~ 
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Fie. 2.. Intravitreal proliferation of peripheral retinal vessels ( hematoxylin
eosin, Xl52). 
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parently incapable of transmitting blood 
with a high arterial oxygen tension to the 
retina. All arterial blood samples during the 
first three days of life were obtained from 
the descending thoracic aorta. The aortic 
oxygen tension must have been similar to 
that in the retinal vessels, since any shunt 
occurring through the ductus arteriosus had 
to be in a left-to-right direction due to the 
pressure-flow gradient created by the se
verely hypoplastic pulmonary artery and 
the rudimentary pulmonary valve. Although 
the oxygen tension during the first four 
hours of life was not known, the method of 
oxygen administration ( free flow), the low 
Po2 values obtained during the next several 
hours, and the existing anatomic defects in
dicate that a sustained Po2 elevation could 
not have occurred. 

Following the establishment of the etio
logic relationship of oxygen to retrolental 
fibroplasia, oxygen therapy in most prema
ture nurseries was restricted to a maximum 
of 40% in the inspired air irrespective of 
clinical demands. Increased mortality 
among premature infants was observed 
during those years of restricted oxygen use. 4 

The cooperative study of retrolental fibro
plasia 1 showed that the incidence of retro
lental fibroplasia was directly proportional 
to the duration of time spent by the infant 
in an oxygen rich environment but was not 
affected significantly by changes in inspired 
oxygen concentration below 50%. More re
cently, it has been recognized that the con
centration of oxygen in the inspired air is 
unimportant if circumstances exist which 
prevent elevation of the Po2 in the arterial 
blood perfusing the retina, and a more flexi
ble use of oxygen based upon clinical need 
has been advocated. 5 While arterial blood 
gas monitoring provides the best indication 
of need for oxygen and effectiveness of oxy
gen therapy, critical levels for arterial Po2 
which are likely to be associated with retro
lental fibroplasia have not been est~blished. 

Zacharias6 has emphasized the risks of 
marked elevation of the Pao2 which may 
occur due to continued oxygen therapy 
following recovery from episodic attacks of 
cyanosis or apnea. Such infants easily are 

capable of pathologic hypcroxygenation in 
contrast to the infant reported here. 

The cooperative study' also showed that 
the incidence of retrolental fibroplasia was 
inversely proportional to birth weight. Al
though there is no doubt that oxygen abuse 
is associated with an increased incidence of 
retrolental fibroplasia, we believe that cer
tain low birth weight infants will develop 
retrolental fibroplasia in the total absence 
of supplemental oxygen. The prognosis for 
survival among low birth weight infants is 
improving,1

•8 and occasional cases of retro
lental fibroplasia will occur in spite of care
ful oxygen monitoring. 

SUMMARY 

Retrolental fibroplasia was noted at 19 
days of age in both eyes of a 940-gm birth 
weight infant who died at the age of 11 
weeks following surgery for tetralogy of 
Fallot. Autopsy confirmed both severe cya
notic congenital heart disease and retrolen
tal fibroplasia, proliferative stage 2. The 
occurrence of retrolental fibroplasia in a 
cyanotic child indicates that the disorder 
may occur in low birth weight infants in 
the absence of oxygen abuse. 
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9. CLYS!S1 The use of clysis is generally reserved for those infants 

who are not able to tolerate oral feedings. In general, they are very sick 

infants with poor peri}ileral circulations. Since the absorption of sub

cutaneous fluids is dependent upon an intact peripieral circulation; we 

feel the use of this modality of fluid therapy, is rarely, if ever indicated. 
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10. RF.SUSCITATION IN THE DELIVERY ROOM AND NURSERY, 

A. Minimal equipment available (resuscitation tray) 

1. La.ryngoscope with an infant size blade. Extra batteries - bulbs 
2. Suction - DeLee traps, catheters, and mechanical suction 
3. Oxygen supply - .humidified and warmed 
4. Infant size plastic airways 
5. Endotracheal tubes, sizes 8 - 14 Fr. (or 2.5 mm to 4,0 mm ID) 
6. Some type of positive pressure apparatus with an infant 

size bag (500 cc) Infant Ambu, Hope Resuscitator, etc, 
7, Feeding tubes size 5 and 8 Fr. for passage into the stomach 

for aspiration and checking nares for choanal atresia. 

B. Minimal equipment available (umbilical catheters) 

1. Solution for skin disinfection (Betadine) 
2. Sterile gloves 
3. Sterile saline 
4. 4 by 4 sterile gauze 
5. Instrument set, Kelly clamp or mosquito hemostat, scapel 

blade No. 11 or 15, and holder, probe, forceps (ophthal
mologic) with teeth, scissors, curved needle and silk 
suture, No. 3 or 4, needle holder; 

6. Polyvinyl catheter, No. 3½ or 5 Fr. arterial preferably 
with radiopa.que marker (Argyle) 

7. Syringe, 5 to 10 ml. 
8. Sterile towels or circumcision drape 

C. Personnel available who can bag breath an infant 

D, Personnel available who can intubate an infant 

E. Personnel available who can insert an umbilical catheter 

F. Medications available - Sodium Bicarbonate, Adrenalin - Aqueous 
111,000, D50W, Naloxone or other narcotic antagonist 

G, Adequate suction 

10.A. OUTLINE FOR RESUSCITATION s 

1. Heart rate is the most important iarameter 

2. Always insure a clear airway (suction!!) 

I. Heart rate is between 120 and 180 but is falling - oxygen by face 
mask. If heart rate continues to fall and respiratory effort gets 
weaker - BAG BREATH THE INFANT! 

II. Heart rate has been 100 - 120 but now falls below 1001 always bag 
breath with oxygen but as heart rate continues to fall always 
INTUBATE! 



III. Heart rate less than 100, initially, intubate (may try short 
course of bag breathing, but be ready to intubate immediately) 

IV. Heart rate less than 40 - with no improvement after intubation 
and ventilation - institute Cardiac massage 

V, Additional measures1 

1. Keep the infant warm - (chilling ~ acidosis ) 

2. Correct acidosis - any infant requiring r esuscitati on can be 
safely assumed to be acidotic. Gi ve 3 meq. of Sodium Bicar
bonate per kilogram of body weight di l uted wi t h an equal 
volume of D5W or D10W - give per umbi l ical vein catheter 
over 2 - 4 minute period. This mat be repeated up to 3 
times. Call the pediatri cian for further ad.vice prior to 
transport. 
We strongly ad.vise that physicians caring for newborns be 
able to insert an umbilical venous catheter on short notice. 
This is frequently the only vessel available for sodium 
bicarbonate therapy and is, indeed, one of the few life saving 
measures instituted in the distressed newborn. We recognize 
that the catheter frequently is placed in or near the liver 
and that the solutions infused are relatively hypertonic and 
probably do lend to a certain amount of liver necrosis. 
However, the child can repair his damaged liver but can not 
repair his damaged brain if the sodium bicarbonate is not 
given. When the catheter has been placed and the sodium 
bicarbonate given, infuse D10W at a rate of 80 - 100 cc. per 
kilogram of body weight per 24 hours to prevent hypoglycemia. 

J. Consult a newborn referral center for ad.vice on possible 
referral of any infant that requires resuscitation. 



UMBILICAL VEIN CANNULATION 

Incidations: 

1. "Parental and/or blood infusions, when peripheral veins are difficult 
to cannulate. (Especially when hypertonic solutions are given) 

2. Exchange transfusions" 1 

Materials: 

The following equipment and materials are necessary for catheter placement -

1. "Solution for skin disinfection, povidone-iodine (Betadine) 
2. Sterile gloves 
3. Sterile saline 
4. 4 x 4 sterile gauzes 
5. Instrument set: 

a. Kelly clamp or mosquito hemostat 
b. Scapel blade No. 11 or 15; and haider 
c. Probe 
d. Forceps with teeth (ophthalmologic) 
e. Polyvinyl catheter No. 3 1/2 or 5 Fr. arterial preferably with 

radiopaque marker (Argyle) 
f. syringe, 5 to 10 ml. 
g. sterile towel or circumcision drape" 2 

Insertion procedure: 

The entire procedure should be ~one in the incubator or under a radiant 
heater to avoid chilling the infant; if he is cyanotic or in respiratory distress, 
a plastic oxygen hood (Sierracin or Ohio Company) can be placed over his head to 
incre- oxygen concentration. 4 

When not precluded by the emergency (i.e., acute asphyxia), the following 
protocol should be followed. The operator carefully scrubs hands and anns to 
the elbows and puts on sterile gloves. After carefully preparing the umbilical 
stump and surrounding abdominal wall with an antiseptic solution, sterile towels 
are placed around the stump and a "circumcision drape" placed with the hole over 
the stump,5 

Sterile saline is rinsed through the polyvinyl catheter to prevent intro
duction of air. The umbilical stump is amputated close to the abdomen with a 
scalpel (a scissors should not be used since it tends to pinch and distort the 
anatomy of the cord). The vein is probed, this is the thin-walled, collapsible 
vessel usually at the 12 o'clock position. Any visible clots should be removed 
with forceps. 

The venous wall may be grasped by the forceps with teeth (or the Kelly 
clamp may be attached to give more leverage).6 The catheter is then inserted 
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and gently advanced. Obstruction at the level of the abdominal wall may be re
lieved by gentle traction on the umbilical cord stump accompanied by steady 
but gentle pressure for about 30 seconds. If an umbilical vein catheterization 
is performed, the n~xt site of obstruction is the portal system (the catheter 
meets resistance several centimeters before the distance marked on the catheter 
is reached). The catheter should be withdrawn several centimeters, gently ro
tated, and reinserted in an attempt to get the tip through the ductus venosus 
into the inferior vena cava. Occasionally, it will not be possib l e to get the 
catheter into the inferior vena cava for an,tomi cal reasons, and vigorous attempts 
to advance the catheter are to be avoided. 

Recommendations: 

The .position of the catheter must be identified by X-ray immediately after 
insertion. If the X-ray after umbilical vessel cathetrization ind i cates ·that 
the catheter has been inserted too far, it may be gently withdrawn an estimated 
amount for appropriate placement. If the catheter is not in far enough, it 
must be completely withdrawn and a new sterile one inserted after appropriately 
preparing the area again with antiseptic solutions, and so forth.8 

Complications: 

The catheter is a foreign body; its introduction into the blood vessel 
also introduces bacteria into a sterile area. 

A thrombus may form around the catheter site. 

Introduction of the catheter may tear the vein and, if advanced to the 
right atrium, may tear the atrial wall. 

Hypersomolar solution introduced into the catheter in the
9
liver area 

may enter the liver vasculature and cause necrosis of tissue. 

Prepared by: 

J~;l-.:J~ 
Herman A. Hein, M.!.D. 
Director 

ti\. ~ t ·NL Gruz~')top(v;z_, Rt--1 
M. Christina Christopher, R.N . 
Clinical Nursing Specialist 
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11. CORD CARE, In the pa.st, no single method. of cord care emerged as 

superior. However, recent work by pilder, et. al., Journal of Pediatrics, 

Vol. 821 987 - 990, June 197J, has demonstrated the apparent superiority 

af a triple dye preparation. This preparation contains I brilli ant green, 

gypsom violet, a.nd proflavine semasulfate sol ution, a.nd can be obtained from 

Kerr Chemical Company a.nd/or Xttrium Laboratory in Chicago, I llinois. 
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. 
Ef/ect of triple dye on stapbylo~occal 
colonization in the newborn inf ant 

The ef/ecti ,·P11ess of triple dye, hexachlorophene, or liquid soap bathing in the reduction 

of staphylococcal colonization rate was evaluated in a study of 1,1 I 7 infants. Cord 

colonization rate was 10.5 per cent in the triple dye group, 41.1 per cent in the 

hexachlorvphene group, and 71.5 per cent in the control group. These difjerences are 

significant (p < 0.001). Nasal colonization rate was simiiar in the triple dye (12.4 

per cent) and hexachlorophene groups (15 .8 per cent), and both were significantly 

(p < 0.001) lower than the rate in the control group (48 .3 per cent) . After the 

study was terminated, triple dye was applied to the cords of all infants admitted to the 

nurury. In 1,147 infants cultured during the following six months, the staphylococcal 

cord colonization rate was 1.8 per cent and the nasal colonization was 5.2 per cent. 

Triple dye was considned an ejf ectin agt>nt in maintaining low staphylococcal 

coloni:11tion rate.< in newborn nurseries. 

Rosita S. Pildes, M.D.,* Rajam S. Ramamurthy, M.D., and D. Vidyasagar, M.D., 

(:l,iraf!o, Ill. 

To TA L body bathing of newborn infants 
with '.l per cent hcxachlorophene has beer. 
associated with a lowered colonization rate 
of (·oag-ulase-positin· Staphylococcus aureu s 
and a decreased incidence of skin infection 
caused by thi~ bacterium.'"'· The safety of 
3 per cent hcx;,chlorophene has recently been 
quc-stio11ed.' ··<· and the routine prophylactic 
use of hexachloropht>ne for total body bath
ing oi neonates is currently not recom
n1endt>d. 1" ·

1
' 

From the Departments of Pediatrics , Cook 
County Hospital, the Abraham Lincnln School 
of Medicine of the University of llli11ois 
College of Medicine, and the Chicago Medical 
School, and the Hektoen Institute . 
*Rr1>,i•t add,rss : i()() S. ll'nnd St .. Chi,a10, Ill. 60612. 

Within a month following the discontinu
ance of hexachlorophene bathing, the rate of 
staphylococcal colonization rose quickly in 
our nursery and in nurseries throughout the 
cou"'ltry. ' " An increased incidence of staph
ylococcal disease- has also been reported ."· 
Since the ma intenance of a low colonization 
rate has been considered of value in the pre
, ·ention of staphylococcal disease /···•. " alter
nati\'e measures to the use of hexachloro
phene should be sought. 

The purpose of this controlled study ,,·as 
to C\'aluate the effectiveness of triple dye a, 
compared to hcxachlorophene or castile soap 
(c~ntrol l bathing in reducing the rates of 
staphylococcal colonization in the large nur
sery of a general hospital. Triple dye. recom-

Vol. 82, No. 6, pp. 987-990 

* Reprinted with the pend.ssion C1f the publisher and author . 
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Table I. Dates, location, and numbers of infants in each study group 

Datts I Triple dye I 
2/ 21-3/17 WD 50 (150) 
3/20 - 4/7 WD 50 (112) 
4/ 12-5/19 WD 51 (127) 
5/22 - 6/ 30 WD 51 (142) 

Total 531 
7/ 5 -1 / 5 All wards 

(1,147) 

WD = ward. 

mended by Jellard'" in 1957, is composed of 
brilliant green 2.29 Gm .. proflavine hemi
sulfate 1.14 Gm .. crystal violet 2.29 Gm., and 
water q.s.a.d. 1,000 ml.15 

METHODS AND MATERIALS 

The nursery for healthy infants at Cook 
County Hospital consists of five wards located 
on the same floor. The first two wards ( 50 
and 51 ) haw 10 to -1-0 crib spaces each ; the 
remaining three wards have 15 to 25 crib 
spaces. Infants in two of the wards (52 and 
53) were not included in tl~e study because 
they were dclin•red by cesarean section or 
because the mothers may ha,·e had complica
tions related to labor or deliv<'ry. A total of 
9:1 nursing personnel administer to these 
areas :rnd although an attempt was made to 
maintain the same personnel in each unit, 
daily chani-!es in assignment because of illness 
or ,·acations \\'ere frequently necessary. Med
ical students and house staff rotate through 
all of these uni ts. 

The infants were assigned to one of thret> 
t:roups ( triple dye. lwxachlorophene, or con
trol ) according to the schedule shown in 
Table I. It was decided that approximately 
100 infants would be included in each g~oup 
before the therapeutic measures were to be 
interchanged . A control group from two sep
arate wards was included at the beginning 
and end of the study to rule out naturally 
occurring change, in the rate of colonization. 

All infants were bathed shortly a fter ad
mission and daily thereafter. The hexachloro
phene group of infants was bathed with un
diluted 3 per cent hexachlorophene which 
was applied with cotton balls and rinsed off 
immediately with tap water. Careful atten-

- - ---· 
H exachlorophene I Control 

WD 51 ( 109) 
WD 51 (98) 
WD 50 ( 160) 
WD 50 (126) WD 54 (98) 

379 207 

tion was given to the base of the cord. The 
control group was bathed with liquid castile 
soap using the same technique. The third 
group had triple dye applied to the cord and 
to about an inch of the surrounding skin at 
the time the infant was given his first bath 
with castile soap. 

When the study was terminated, the de
cision was made to use triple dye in all sub
sequent infants admitted to any of the five 
wards, and cultures continued to be taken 
for the next six months in the three wards 
included in the study. 

Cultures were taken from the base of th<' 
umbilical stump and from the anterior nart>s 
of the infants on the third day of life . Infants 
were discharged thereafter. All cultures were 
done by one individual. The culture swab 
was inoculated into trypticase soy broth and 
then streaked on mannitol salt agar. The 
plates were examined at 24- and 48 hours : 
mannitol-fermenting colonies were selected 
for coagulase testing in rabhit plasma. 

RESULTS 

The results of cultures of the umbilical 
cord are shown in Fig. I. Fifty-six of the 531 
infants ( 10.5 per cent) who received a single 
application of triple dye to the cord were 
colonized with coagulase-positive S . aureu.1. 
This figure was significantly lower (p < 
0.001) than the colonization rate (-I-I.I per 
cent) obsei·ved in infants who were bathed 
with hexachlorophene ( 156 of 379). The 
colonization rates in the above two groups 
were significantly lower (p < 0.001 ) than 
.that of the control group of infants who were 
bathed only with castile soap ( 148 of 207 . 
71.5 per cent) . 
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Fiit, 1. Cord colonization rate. Percentage of 
colonization on the cord (indicated at top of bar) 
was significantly lower (p < 0.001) in Group A 
than in Groups B or C . The percentage of coloni
zation in Group B was significantly lower (p < 
0.001 \ than that in Group C. 

The nasal colonization rate is given tn 

Fig. 2. Sixty-six ( 12.4 per cent) of the 531 
infants who were treated with triple dye were 
colonized as compared with 60 ( 15.8 per 
cent) of the 179 who were bathed with hexa
chlorophene. This difference was not signifi
cant. HoweYer. the nasal colonization rate of 
the control infants ( 100 of 207, 48.3 per 
cent l was significantly higher (p < 0.001) 
than that of either the triple dye or the hexa
chlorophene group of infants. 

After triple dye was applied to all thl' 
infants admitted to any of the wards, the 
colonization rate declined even further. The 
nasal colonization was 5.2 per cent and cord 
colonization. 1.8 per cent in 1,147 infants 
cultured during the ensuing six months. 

DISCUSSION 

The single application oi triple dye to the 
cord of newborn infants at the time of ad
mission to the newborn nursery effectiYely 
decreased the rate of staphylococcal coloniza
tion. Tripi<' dye was recommended by Jel
lard15 as a means of lowering the reservoir 
of Staphylococcus in the umbilical stump, 
and thus to r<'duce the frequency of spread 
of organisms from this area to the nose and 
to other sites by the nursing personnel or hy 
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Fig. 2. l'iasal colonization rate. Percentage of nasal 
colonization (indicated at top of bar) was signifi
cantly lower ( p < 0.00 I) in Groups A and B 
than ih Group C. 

the infant himself. .Jellard applied triple dye 
to the cord stump and to about an inch of 
surrounding skin on a daily hasis until sep
aration of the cord took plac<' . In the present 
study, a single application was sufficient to 
maintain a low rate of staphylococcal col
onization on the third day of life . 

Triple dye continued to be effective during 
the 6 month period following the tem1ination 
of the study. In fact, the colonization rate 
dropped significantly (p < 0.01 ) ewn in the 
unit IHe,·iously receiving triple dye. Since 
personnel from this unit were not completely 
restricted to that area, it is likely that th<' 
higher rate of colonization obsen·ed during 
the first p<'riod of study was influenced by 
those from surrounding areas. 

Our findings arc similar to those reported 
by Hardyment and associates."; On the other 
hand, it has been claimed that triple dye is 
less effective than bathing \\'ith hexachloro
phene in preventing staphylococcal coloni,:a
tion.~ However, to our knowledge, there haYe 
been no controlled studies to compare the 
two methods. With the introduction of :\ per 
cent hexachlorophene in 19521 and its wide
spread use after 1960, the use of triple dy<' 
di;~inished. The purple dye tended to stain 
diapers, making its use undesirable. Since 
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dispmabh• diapns arc- currc-ntly usc-d in most 
nurseries. staining no longer poses an impor
tant problc-111. 

Thc- ratc- (-1-1.1 per cent) of colonization 
of the umbilical stump by infants bathed with 
hexachlorophene in this study was highc-r 
than thosc- reported in some studies"· '' but 
similar to those rcportc-d by Gezon and asso
ciates• and ShafTc-r and associatc-s. 17 The dif
ferc-nces may be attributed to variations in 
nursc-ry technique. Gluck and \Vood" rerom
mendc-d that a stc-rilc- cotton-tipped a ppli
cator be used to dc-anse the trough rreatc-cl 
by the skin-cord margin. Others ha\'c recom
mended that hexachlorophc-ne be allowed to 
dry on the skin. 11 In our nursery. the solution 
was rins<'d off imnwdiatcly and, although 
special attc-nt\On was paid to the umbilic-al 
stump. thc- tc-chniquc- was not carried out 
meticulously as su~gestc-d by Gluck and 
Wood. 

The possibility that triple dye might simply 
inhibit bacterial multiplication as long as it 
is µresc-nt on the cord rathc-r than prevent 
acquisition of the organism cannot be c·0111-

pletely rulc-cl out since follow-up cultures 
were not taken after discharge. A study of 
this problem would be difficult to design 
since one would have to determine which 
organisms had been acquired in the hospital 
and which at home. 

The possible absorption and toxic proper
ties of triplc- dyc- ha,·e not been evaluated. 
Since it is applied only once to a relatively 
a\'ascular area which dries quickly, we be
lie\'e. significant absorption is unlikely. Triple 
dye may be considered as a possible alterna
ti,·e to hexachlorophene for the maintenance 
oi low staphylococcal colonization rates in 
newborn nurseries. 

The authors are grateful to Mrs. Loretta Boxx 
for technical assistance, Mrs. Lucy Bates, Nurs
ing Supervisor, and to the nursing staff for their 
interest and diligent attention to the protocol. 

REFERENCES 

TIit' }r1111·11nl r1{ /'rdintric< 
]u11e 197'.I 

I . Farquharson, C. D., Penny, S. F., Edwards, 
H . E., and Barr, E.: Control of staphylococcal 
skin infection in the nursery, Can. Med . 
Anoe. J. 67: 247, 1952. 

2. Gillrspie, W. A., Simpson, K ., and Tozr.r, 
R. C . : Staphylococcal infection in a maternity 
hospital : Epidemiology and control , Lan cet 
2: 1075, 1958 . 

'.l. Gluck , L. , and Wood , H . F .: Effect of an 
antiseptic ,kin-care regimen in reducing 
staphylococcal colonization in newborn in
fants, N. Engl. J. Med . 265: 1177, 196 1. 

4. Gewn, H. M ., Thompson, D . J ., Roger,, K . 
D ., Hatch , T. F., and Taylor, P . M .: H exa
chlorophene bathing in early infancy : effect 
on staphylococcal disease and infection, N. 
Engl. J. Med. 270: 179, 1964. 

5. Williams, C. P. S., and Oliver, T. K .: Nursery 
routines and staphylococcal colonization of 
the newborn, Pediatrics 44: 640, 1969. 

6. Herter, W. B.: Hexachlornphene poisoning. 
Kaiser Found. Med. Bull. 7: 228, 1959. 

7. Kimbrough, R. C .: Review of the tox1c1ly 
of hexachlorophcnc-, Arrh . Environ. Health 
23: 119. 1971. 

II. Curley, A., Kimbrough, R. D., Hawk, R. E .. 
Nathensnn , G., and Finberg, L.: Dermal ab
sorption of hexachlorophene in infants, Lancet 
2: 296, 1971. 

9. Kimbrough, R . D ., and Gainel, T . B.: Hexa
chlorophrne effects on the rat brain. Arch . 
En\'iron. Health 23: 119, 1-971. 

10. American Academy of Pediatrics : Committee 
on fetus and newborn. Hexaehlorophene and 
skin rare of newborn infants , Pediatrics 49: 
625, 1972. 

11. F .D .A. Bulletin , December 8, I 971. 
12. Center for Disease Control. Morbidity Mor

tality Weekly Rep. 21: 37, 1972. 
I '.l. Center for Disease Control. Morbidity Mor

tality Weekly Rep. 21: 253, 1972 . 
14. Albert, S., Baldwin, R. , Czekajewski, S., \'an 

Soesthergen. A., Nachman, R ., and Robertson , 
A.: Bullous impetigo due to group II Staph
ylococcus aureus, Am. J. Dis. Child . 20: IO , 
1970. 

15. Jellard , J. : Umbilical cord as reservoir of 
infection in maternity hospital, Br. Med. J. 
1: 925, 1957. 

16. Hardyment, A. F., Wilson, R . A., Cockcroft, 
W., and Johnson , B.: Observations on the 
b1cte riology and epidemiology of nursery in
fections, Pediatrics 25: 907, 1960. 

17. Shaffer, T. E., Baldwin, J. N., and Wheeler, 
·w. E. : Staphylococcal infection in nursery , 
Adv. Pediatr. 10: 243, 1958. 



--------~--------

Ad\fH3H1010Hd 



1· 
I 
I 
I 
I 
I 
I 
I 
I 

I, 
I 
I 
I 
I 
I 
I 
I 
I 
1~ 

12. PHOTOTHERAPY: We 

therapy and include it here 

the jaundiced infant. 

have recently written a short :i:e,per on :i:noto

to give you general guidelines on the care of 
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GUIDELINES FOR PHOTOTHERAPY 

Precautions: 

Be sure of the diaunosis before init ·' ,•Li.ng photot iH: ra py -

"In the use of any new type of therapy there .-ire problem:,, One must 

be aware of these lii,1itations if the t llcrnry i s to be 11 .sl'.' •1 c-ffcctive l•, . 
T;lc <li.:ll;llosis of some neonatal dise a s es can h e o!,s curc, 1 nr ' ln"rci hr 
cause visible j aun<lice is s uppre ss e d . J a un,: i c f:' h:1 ·; t.rnr! i t.i.onally h r-c; ·, 
an important early i;i0n f or. t 11e •:uspic ion of s uc h c 01nr,1on cl i r.C'a:=:c ctt1tc s 
as sepsis and blood group incor.1p . tihili. t y. i t i s a l so u s efu l in t h e ,1e: · 
tection of some r c1 re conditions ::rnsoc i at e<l u i t h nilc! l1e mol y.s is. :-'!1c:n 
photo therapy is employed, the degree of visible skin j aundice is decre ... sed. 
The skin is dccolorized before serwn levels arc a ffecteG, an<l on ~ c ; n 
have infants under phototiierapy with seru, 1 hi l ir11 i, in levels o f l ': ::, .-, 12 
mg. per 100 ml. ,-,ho appea r cl inically non i nu:1,1iccrl . It is , · 1e :-cfo ·,-e . 
ir,iportant to establisi1 the ctiolo;~ y of the _i nundice b e for e tr e a t: i.t 

witi1 lil;ht is instituted. A s imple approa::h is to require t i",:i.t a l l i.· 
fan ts have scrw11 bilirubin wit l1 a direct-reacting fraction rie terninerl , 
a blood smear, Coombs' test, and culture, alon.i with any other a :1propr i at 2 
blood test indicated by history, before receiving phototherapy." l 

Indications: 

When to start pi10totherapy -

Premature infant - S to 10 mgn % 
Full-tenu infant - 12 to 15 rngm % 

\lhen to stop phototherapy -

Prcr.uature infant - 3 or less 1agm A 
Full-term infant - 10 to 12 r,1g1~ % 

As to when to start the lights, the faster the bilirub in is r1s1n <; t 

sooner the 'bililii.;ht is applied. You do not wait until the hir, hest valu• _, re .q c: ,,E.d 
1Jefore startin0 the libht. Always remember to keep the infant in the hosp:i ta ~ 
for 24 hours after the use of the lir,ht, and reevaluate the serum '):L liruhir. t c 
be sure that there is no rebound once the bililights have been discontinue<l. 

Equipuent: 

Typ e s of light source available -

"Tile iuost effective light conditions for treatin~ .iaundice in n ewho n1 i n f n~ ts 
have not, as yet, been defined. Nearly all studies descriLc t h t li~h t use~ 
only in terms of foot-candles . This s upplies only an exp r ess ion of che s en
sation of brigh t ness produced by the lig):l t . Hore meani ngful woulrl he to 
describe the light in terms of tl1e radiant ener~y in t hat port ion of the s p e c
trwu (blue) which is important in the pho t odc struction of b ili rubin . 

l. "Neonatal Jaundice and Photothcrapy," Lucey, J erold, 'i-ID: Pedia tric Clin i c s 
of i.forth America, Vol. 19, No. 4, November 1972, pgs. 82 7- -:n r;, 



Equipment (continued) 

1. Fluorescent lights such as Cool White, Daylight, Vita-lite and Blue 
have all been used successfully with levels of intensity ranging from 
100 to 500 foot-candles. Some studies using natural light of greater 
intensity have also been done. There is no proof that high intensi
ties (over 1000 foot-candles) are more effective or needed in hyper
bilirubinemia of prematurity. 

2. Blue lights are more effective in vitro, in vivo, in man. The un
resolved question is whether exposure of infants to monochromatic 
light will cause any adverse effects. This type of lighting con
stitutes a considerable environmental change for the newborn infant 
and must be approached cautiously. 112 

Distance from the light -

A. Isolette - "if the light hood is placed too close to the top ' of the in
cubator,,it can cause the temperature to rise inside the incubator. Other 
factors effecting this are ambient air temperature and air circulation in 
the nursery. Adjusting the hood so it is 3" to 4" above the incubator 
normally avoids heat build-up."3 

"Infants treated with phototherapy in Isolettes (Air-Shields) receive 
more irradiance than infants in open bassi"nets at the same distance and 
with the same light source. The beveled Plexiglas canopy of the Isolette 
may create a focusing effect, thereby concentrating a greater energy flux 
at the center of the bassinet. 114 

B. Open crib - be sure that the infant is kept warm. That is why it is gener
ally recommended that the isolette be used for infants under phototherapy. 

"The distance from the light source to the infant in the crib is generally 
18 inches."5 

Eye Cover - "it is recommended that infants being treated with phototherapy have 
their eyes covered by light-tight bandages, such as the Olympic Bili-Mask, 
a sterile, disposable, light-weight eye cover adjustable to fit all infants. 
Bili-Masks are available from the Olympic Surgical Company (Cat. No 52400 ••• 
Box 12 Bili-Masks). Any ey~ cover should be removed at regular intervals 
to check the infant's eyes for possible infection, unrelated to phototherapy. 116 

2. Ibid, pg. 833-834 

3. Olympic Bililite Operating Instructions, pg. 2 

4. "Phototherapy for Neonatal Hyperbilirubinemia - A Dose, Response Relation-
ship," - Mim, LeRoy, M.D., The Journal of Pediatrics, October, 1973, pgs.658-662. 

5. "Phototherapy of Jaundice in the Newborn Infant-Effect of Various Light 
Intensities", Sisson, Thomas, M.D., The Journal of Pediatrics, July 1972 
pg. 35-38 

6. Olympic Bili-Lite Operating Instruc~ions, pgs. l-2 
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Change of light source - "The radiant energy of fluorescent bulbs decreases 
rapidly after 200 hours of use. To achieve the maximum effect from 
phototherapy, fluorescent bulbs should be replaced after 200 hours. 117 

"At Temple University Hospital we noted unexpected treatment failures 
with blue fluorescent lamps used over an extended burning time (more than 
250 hours). An investigation of the energy output of these lamps showed 
a surprisingly rapid loss of emission fran the phosphors, because of 
internal overheating. 118 

Problems: 

1. Loose stools - "The stools of infants receiving phototherapy are often 
greenish, dark brown, and loose. This change in color is caused by the 
increased stool content of bilirubin phtt'aiegradation products. In sit
uations where this has been studied carefully it has not been noted to 
result in more frequent stools, or in significant water loss. 119 

2. Rash - "A transient rash, lasting a few hours, occurs in some infants 
receiving phototherapy. It is identical to the so-called flea bite derm
atitis of newborn infants. A similar rash has also been noted in iaundiced 
infants not receiving phototherapy. No sequelae have been noted." 0 

3. Bronzing Discoloration - "Occurs in infants with liver disease who are 
treated with light. Infants with an elevated direct-reaching serum bili
rubin can develop a muddy, green, or bronze skin color when exposed to 
any light. 1111 

4. Increase water loss - need to incrase intake when under the lights -
"Preliminary studies suggest that infants receiving phototherapy may have 
increased insensible water loss, peripheral skin blood flow, and heat loss. 
If these studies are confirmed, some adjustments in thermal and water 
balance during phototherapy will be indicated. 11 12 · 

5. Loss of visible icterus with increased need to follow serum bilirubin 
levels - "Whenever ligqt is used in the presence of known hemolysis 
serum bilirubin levels must be followed very carefully, as visual judg
ment of jaundice is unreliable under such conditions and rapid rises .in 
serum bilirubin level can occur unexpectedly. 1113 

7. Olympic Bili-Lite Operating Instructions, Pgs. 1-2 

8. "Phototherapy of Jaundice in the Newborn Infant-Effect of Various Light 
Intensities": Sisson, Thomas, M.D., The Journal of Pediatrics, July, 1972 
pg. 35 

9. "Neonatal Jaundice and Phototherapy", Lucey, Jerold, M.D.: Pediatric 
Clinics of North America, Vol. 19, No. 4, Nov., 1972, pgs. 830-832. 

10. Ibid, pg. 830-832 
11. Ibid, 
12. Ibid 
13. Ibid 
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Problems: (continued) 

6. Eyes must be covered - "All human clinical studies reported to date have 
been done on infants whose eyes were shielded in some fashion. There is 
no evidence on which to confirm or deny the possibility that infants' 
eyes might be damafed if thery were exposed to the amounts of light used 
in phototherapy."l 

7. Adequate skin surface must be exposed - make sure that the diaper is off 
when the infant is under the light. 

8. A definite dose-response relationship has been established. For maximum 
effectiveness, the baby should be in the center of the light source with
in either the bassinet or isolette. 

"The recording sensor was placed alternately in each of six areas of the bas
sinet pad to record light radiation. Maximum irradiance occurred at the 
center of the bassinet. 1115 

9. The phototherapy lights must be off during the time that the bilirubin is 
being drawn on the infant. 

Hwn!in, A ~ ~l'\J 
I 

frlD /(1(1, 

Herman A. Hein, M.D. 
Director 

ft Qj,wsfi1"1, ci\R,LStp~ I KN 
M. Christina Christopher, R.N. 
Clinical Nursi ng Specialist, 
Neonatal 

14. "Neonatal Jaundice and Phototherapy", Lucey , Jerold, M.D. : Pediatric 
Clinics of North America, Vol. 19, No. 4, Nov., 1972, pgs. 830-832. 

15. "Phototherapy for Neonatal Hyperbilirubinemia-A Dose, Response relat ion
ship", Mims, _LeRoy, M.D., The Journal of Pedi atrics, October, 1973 , 
pg. 659. 



PHOTOTHERAPY WARNING 

The appearance of erythema on the skin of two infants exposed to fluorescent 
lights as treatment £or hyperbilirubinemia has come to the attention of the Food 
and Drug Administration. On site inves tigation of the incident by personnel of 
the FDA Bureau of Radiological Health indicated that the clinical determination 
of erythema was consistent with the measured ultraviolet exposure levels. The 
occurence indicates an urgent need to alert physicians and hospitals to the pos
sibility of injury to the exposed infant from certain exposure conditions which 
may be used in phototherapy. 

Hazardous levels of ultraviolet radiation, which are not effective in 
phototherapy, and extremely intense visib le radiations can be present in the 
ou~put of fluorescent lamps. The agency strongly recommends that any institu
tion, or physician, using phototherapy in the t reatment of hyperbilirubinemia 
immediately take the following precautions: 

1. Shield fluorescent lamps with ultraviolet absorbing filter materials 
made from selected plastics or ultraviolet absorbing glass. If such filtering 
materials are not presently between the infant and the fluorescent source, they 
should be installed immediately. 

2. The:· eyes of newborn iniants should be protected from the intense vi
sibile light from any phototherapy source by means of a suitable opaque blir\d~ 
fold, A simple bandage has been reported to be effective. 

Communications should be directed to the Direct, Bureau of Radiological 
Health, Food and Drug Administration, 5tOO Fisher Lane, Rockville, Maryland 
20852. 

Robert L. Elder, Sc. D, 
Deputy Director 
Bureau of Radiological Health 
DREW 

The concerns raised by Dr. Eldet have prompted the following response 
from the Academy's Committee on Fetus and Newborn, •••. 

The recent warning! issued by the Bureau of Radiological Health relating to 
the use of fluorescent light for treatment of hyperbilirubinemia must be put in 
proper perspective with respect to present day practices. Phototherapy is per
haps the most widely used therapeutic treatment for newborn infants in this 
country. Its use has spread rapidly from university medical centers to hospitals 
with rather small delivery services. There are no f ormal , published guidelines 
on the precise way of administering phototherapy. However, there i s a body of 
data on studies which show that fluorescent light will reduce the level of un
conjugated serum bilirubin; and, most of these studies have been done with a 
relatively standard geometry. The use of certain standards will automatically 
prevent the ultravi~let radiation which probably caused the reported erythema of 
the infant's skin. 
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The usual mode of administering phototherapy is to use Cool-White or Day
light fluorescent bulbs in a commercial fixture or in a homemade model. Use of 
these fixtures over an infant in a closed incubator automatically sets the light 
to patient distance and thus the maximum light intensity with standard bulbs is 
predetermined. Most commercia1 fixtures come equipped with a sheet of plastic, 
usually Plexiglass G, in the light path; and it is absolute l y imperative that 
any homemade fixture incorporate :such a plastic filter. Plexiglass G will block 
the ultrfviolet light in the erythema waveband which was implicated in the recent 
incident (0% transmission for wavelengths shorter than 335 nm.) The use of a 
closed incubator is not absolutely essential; however, the plast i c or glass top 
of an incubator provides the additional light filtration needed if the light 
fixunre's plastic sheet is inadvertently omitted. 

Instances in which this rigid prescription is not followed have been noted. 
Other types of fluorescent fixutre$ are suspended over or placed adjacent to an 
open bassinet. The light level reaching the infant is either guessed at by visual 
comparison with a commercial installation or a hand-h~ld photographic light meter 
is used to determine the light intensity reaching the infant. Both of these 
practices can lead to problems. In the first method the eye is a poor judge of 
absolute light intensities, in the second method a standard photographic light 
meter is extremely sensitive to light in the yellow and green portions of the 
visible spectrum and extremely insensitive to light in the "phototherapy effective 
band" of 420 to 480 nm. Thus, neither mode of measurement can tell you whether 
the infant is receiving the same intensity of "blue"light as he would receive 
under a standard phototherapy fixture. 

One final not relates to the use of "selected plastics or ultraviolet 
absorbing glass." The commonly available plastics and glasses all absorb ultra
violet in the region of interest; only specially manufactured materials can trans
mit any radiation in the ultraviolet region. 

Committee on Fetus and Newborn 

L. Stanley James, M.D., Chairman 
James E. Drorbaugh, M.D. 
Stanley N. Graven, M.D. 
Jacob Kay, M.D. 
Sheldon B. Korones, M.D. 
H. Belton Meyer, M.D. 

Thomas K. Oliver, Jr., M.D. 
Henry Shinefield, M.D. 
James Sutherland, M,D. 
Paul R. Swyer, M,D. 
William H. Tooley, M,D. 
Eileen Hasselmeyer, Ph.D., Consultant 

1. Elder, R.L.: News release, Bureau of Radioiogical Health, Department of 
Health, Ed~cation and Welfare, October 26, 1973. 
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Symposium on Pediatric Hematology 

Neonatal Jaundice and Phototherapy 

Jerold F. Lucey, MD.* 

There is a growing body of evidence indicating that bilirubin is toxic 
for human brain cells in some infants at serum levels below the tradi
tional figure of 20 mg. per 100 ml.,. 11. 19• •:i. Rt . 111 It now appears that a spec
trum of brain injury, from defects in cognitive function to death from 
kernicterus, exists. It is known that factors such as asphyxia, acidosis, 
hypothermia, hypoglycemia, hypoproteinemia, sepsis, certain drugs, and 
extreme prematurity, when they occur either alone or in combination, 
can increase the susceptibility of infants to this brain damage.,. 7° The cli
nician, therefore, faces a severe dilemma when there is no precise 
threshold at which to act and when he is required to assay degrees of sus
ceptibility in individual infants. He is often understandably reluctant to 
recommend exchange transfusions for seriously ill infants with low 
levels of serum bilirubin, and yet he is now aware that these infants prob
ably are at an increased risk of brain damage at such levels. The ready 
availability of a simple therapy, such as phototherapy, that is effective in 
lowering or preventing serum bilirubin concentrations from rising 
makes it an attractive therapy. Its simplicity has, however, led to a casual 
approach in its use which should not be encouraged. 

This article is a review of some of the indications for the uses of pho
totherapy. With any new therapy there are initially limitations in our 
knowledge of its use and unresolved questions arise. The problems and 
questions which arise in regard to phototherapy will first be discussed. 
The present indications will also be listed. 

QUESTIONS 

Is Phototherapy Effective in Lowering Serum Bilirubin? Many 
carefully controlled studies have now been published, and all have found 
that phototherapy is effective in lowering serum bilirubin levels.rn· '"· :i5 • a~. 

*Professor of Pediatrics, University of Vermont College of Medicine, Burlington, Vermont 

Studies cited in this review were aided by United Cerebral Palsy, Easter Seal Foundation, and 
National Institutes of Health Grant PHS 1 RO 1 HD05561 01. 

Pediatric Clinics of North America-Vol. 19. No. 4, November 1972 827 

* Reprinted with the permission of the publisher and author. 
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4t . 7 1. Ho. 1'" It has been used with particularly good results in the treatment 
of hyperbilirubinemia of prematu re infants. In th is situa tion, one can 
achieve 30 to 50 per cent lower average serum bilirubin concentrations in 
light-treated infants as compared to controls:11 In an average low birth 
weight infant nursery this means that instead of having a 20 per cent in
cidence of serum bilirubin levels of over 15 mg. per 100 ml. , one can have 
an incidence of approximately 2 per cent.U7 If one accepts the present evi
dence that bilirubin can be neurotoxic at concentrations above 15 mg. per 
100 ml., then the avoidance of such levels would seem to be a worthwhile 
goal. 

Are There Any Neurotox ic Effects from the Produ cts of Pho
todecomposition? The early fears that the photodecomposition prod
ucts of bilirubin might be retained or might be neurotoxic have not 
been confirmed. A convincing body of experimental anim al,6 · 21 • 42 • 44 

in vitro,37
• 52 • 53• 

102
• 

104 and human clinical evidence36
• 

47 exists which is 
very reassuring. 

In the hurrian infant receiving phototherapy, bilirubin undergoes 
decomposition to a series of derivatives that exhibit progressively less 
yellow color and are water soluble. These derivatives are not retained in 
the body, but are rapidly excreted in the bile and urine.85 • 86 • 97 It is particu
larly reassuring that a few infants with congenital hyperbilirubinemia 
(Crigler-Najjar disease) have been treated for nearly 3 years with pho
totherapy with good results .'16 • 47 If neurotoxicity were going to occur, one 
would certainly expect it to be apparent in this disease with prolonged 
therapy. Clinical observation and studies (some of which have been con
trolled) in university centers of over 7000 infants have also failed to 
demonstrate any neurotoxic effects.65 A survey of 11 leading university 
centers using phototherapy in July 1971 also failed to reveal any serious 
side-effects (Table 1 ). 

One study done in vitro under highly abnormal conditions suggested 
that the serum albumin-binding capacity might be decreased by the use 
of light.81 The relevance of this finding has been questioned49 • 97 and it has 
not been confirmed in vivo.53 

PROBLEMS 

In the use of any new type of therapy there are problems. One must 
be aware of these limitations if the therapy is to be used effectively. 

The Diagnosis of Some Neonatal Diseases can be Obscured or 
Delayed Because Visible Jaundice is Suppres sed. Jaundice ha!! tradi
tionally been an important early sign for the suspicion of such common 
disease states as sepsis and blood group incompatibility. It is also useful 
in the detection of some rare conditions associated with mild hemolysis. 
When phototberapy is employed, the degree of visible skin jaundice is 
decreased. The skin is decolorized before serum levels are affected, and 
one can have infants under phototherapy with serum bilirubin levels of 
10 to 12 mg. per 100 ml. who appear clinically nonjaundiced. It is, 
therefore, important to establish the etiology of the jaundice before treat-
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Table 1. Unpublished Survey of Clinical Experience with Phototherapy in z 
► .,i 

University Centers in the United States, July 1971 ► t"' 
'-< 
► NO. OF INFANTS C 

YEARS FOLLOW-UP z 
EXPERI- Pre- IN 8 

n 
OBSERVER UNIVERSITY ENCE mature Full Term Rh ABO COMPLICATIONS PROGRESS M 

► z 
Pildes University of Illinois 2½ 80 150 15 50 Diarrhea, rashes , early No i::, 

skin pigment changes, 
._, 
:i: 

slow weight gain 0 
.,i 

Klaus Case Western Reserve University 3½ 300 200 40 60 Bronze infants (4) No 0 
.,i 

Hodgman and Wu University of Southern California 3 400 250 50 100 Loose stools, rashes, Yes :i: 
slow weight gain M 

:,, 

Giunta Brown University 3½ 181 256 69 60 Rash (12) Planned ► 
"' Blumley Duke University 3 30 150 10 20 Lethargy, bronzing, Yes -< 

diarrhea, burns (1) 

Stahlman Vanderbilt University 2 128 147 18 7 Loose stools No 
Lucey University of Vermont 5 400 100 30 50 Rashes, loose stools Yes 

Fox Mt. Sinai School of Medicine 3 400 900 Delayed detection eye Yes 
infection (2) 

Sisson Temple University 3½ 250 200 40 200 Skin rash transient, Yes 
occasional loose stools, 
rare-increased hemoly-
sis suspected 

Ferreiro University of Chile 5 1200 1000 50 80 Rashes, loose stools Yes 
Brown University of Georgia 3 26 24 2 10 Yes 
Kevy Harvard University 3 50 25 40 40 ? Infants sluggish No 
Cochrane Harvard University 3 600 Rashes, loose stools No 
Blackburn Yale University 3 280 Rashes, loose stools No 

00 
~ 
10 
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ment with light is instituted. A simple approach is to require that all in
fants have serum bilirubin with a direct-reacting fraction determined, a 
blood smear, Coombs' test, and culture, along with any other appropriate 
blood test indicated by history, before receiving phototherapy. 

If this routine is followed, very few of these conditions will be missed 
and valuable time will not be lost. Jaundice is not actually a very early or 
an invariably present sign in infection. The liberal use of early blood cul
tures when sepsis is suspected is certainly to be preferred to awaiting the 
development of obvious jaundice. 

Infants on Phototherapy Have Loose, Greenish Stools. The stools 
of infants receiving phototherapy are often greenish, dark brown , and 
loose. This change in color is caused by the increased stool content of 
bilirubin photodegradation products. In situations where this has been 
studied carefully it has not been noted to result in more frequent stools, 
or in significant water loss. 114 

Some Infants Receiving Phototherapy have Transient Skin 
Rashes . A transient rash, lasting a few hours, occurs in some infants 
receiving phototherapy. It is identical to the so-called flea bite dermatitis 
·of newborn infants. A similar rash has also been noted in jaundiced in
fants not receiving phototherapy. No sequelae have been noted. 

A Transient and Benign Bronze Discoloration of the Skin Occurs 
in Infants with Liver Disease Who are Treated with Light. Infants 
with an elevated direct-reacting serum bilirubin can develop a muddy, 
green, or bronze skin color when exposed to any light. Kopelman;;o has 
called attention to this and has expressed concern. It has not been noted 
in over 400 infants with normal neonatal hyperbilirubinemia whom we 
have treated. It is apparently not a harmful complication. The pigments 
produced in the skin in this condition are probably similar to those 
produced in patients with biliary atresia and hepatitis when they are ex
posed to natural sunlight. 

The use of phototherapy in liver disease or in infants with an elevated 
direct-reacting bilirubin does not, however, appear to be either effective 
or helpful and, therefore, is not recommended. 

The Effectiveness of Light is Difficult to Predict in Rh Disease and 
ABO Incompatibility. The effectiveness of light therapy in an individ
ual case is very difficult to predict. Generally, one can expect that light 
will be effective in the milder cases of erythroblastosis, but exceptions do 
occur. The reasons for therapeutic failures are not understood but proba
bly rapid hemolysis is the most important factor in failures . It may also be 
that the amount of light needs to be increased in such cases or that there 
are other factors in the sera or skin which interfere with the effect of 
light. 

Proof that phototherapy is effective in hemolytic disease is difficult to 
assemble, as truly comparable control groups are impossible to collect. In 
our own experience (Table 2) we have found that we have decreased our 
percentage of exchange transfusions in infants with positive Coombs' 
tests from 25 per cent to 10 per cent. Kaplan46 and Sisson109 have reported 
similar clinical experiences in ABO incompatibility. It also appears that 
the number of repeat exchange transfusions can be decreased by pho-
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Table 2. Phototherapy and Hemolytic Disease 

1966 1967 1968 1969 1970 1971 

No. of Infants with positive Coombs' test 24 28 27 32 20 30 
Per cent treated with light 8 54 74 81 90 90 
Per cent receiving exchange transfusion 25 18 11 12 15 10 

totherapy. While still experimental in this situation, phototherapy ap
pears to be a valuable adjunct to therapy, but certainly not a replacement. 
Recently, sensible guidelines have been suggested as to the indications 
for phototherapy in this situation.H 

Whenever light is used in the presence of known hemolysis serum 
bilirubin levels must be followed very carefully, as visual judgment of 
jaundice is unreliable under such conditions and rapid rises in serum 
bilirubin level can occur unexpectedly. 

Late Anemia May Occur in Infants with Coombs' Posit ive Red 
Blood Cells Who Have Receive·d Phototherapy and Have Not Had Ex
change Transfusions . If light therapy has been successfully employed 
and an exchange transfusion avoided, one must remember that the sur
vival time of the infants' Coombs-positive cells is short and anemia 
usuaily will occur in 1 to 8 weeks after birth. It is, therefore, necessary to 
carry out careful follow-up examinations with frequeht hemoglobin de
terminations, and transfusions for this late anemia may be necessary. It 
is not known as yet whether light per se affects red blood cell survival in 
vivo. In vitro studies, done with nonphysiologic amounts of light indicate 
some damage to the red blood cell membrane.00 In vivo studies and 
clinical observations have not confirmed this finding .9 

Phototherapy May Affect the Growth of Infants, Particularly Head 
Growth. In a 2 year follow-up of 30 infants from an original study of 98 
infants,4° it was found that 10 of 14 light-treated infants had head cir
cumferences two standard deviations below normal as compared to 5 of 
16 controls. The authors have repeated this study on another 97 infants 
and now report that the weight, length, and head circumference were the 
same in light-treated and control groups at 30 days of age. 117 The findings 
of other groups are in agreement with this finding, and no significant dif
ferences have been found. 40• 67• 80• 84 • 89• 9a We have recently completed a 
follow-up study of 72 infants (39 light-treated, 33 controls) at 4 to 6 years 
of age and have not found any significant differences between these two 
groups. The original study of Ballowitz4

·" suggesting growth retardation 
in Gunn rats treated with phototherapy has also been retracted by the 
author.6 

Phototherapy Might Cause Eye Damage. All human clinical stud
ies reported to date have been done on infants whose eyes were shielded 
in some fashion. There is no evidence on which to confirm or deny the 
possibility that infants' eyes might be damaged if they were exposed to 
the amounts of light used in phototherapy. 

The applicability of animal studies in this situation is difficult to 
assess. Several animal species are notoriously susceptible to eye damage 
from small amounts of light,27 • 107 and when continuous exposure and 
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atropine is used to dilate the pupil , any relevance to the human situation 
becomes rather remote. 

This will be a difficult area to investigate, but in the interim some 
form of intermittent eye shielding certainly seems worthwhile. These 
shields may be removed frequently when the infant is not under therapy 
to allow for visual stimulation or detection of infection. 

Light May Affect Other Components in the Blood. Very few stud
ies of the effects of light on substances other than bilirubin have been 
done. We have not found any effects on serum amino acids in infants 
receiving phototherapy. We have also not detected any unusual effects in 
infants receiving antibiotics (penicillin, ampicillin , kanamycin). Black
burn has not detected any effects on the retl blood cells in vivo.» 

In sick and cyanotic infants in whom unusual intravenous solutions 
such as vitamins, intravenous fat or protein hydrolysates plus antibiotics 
and other medications, are being used, we must be careful to observe for 
unusual effects. 

It seems quite probable that light will have some effect upon ribofla
vin and perhaps other components of blood. This is a promising area for 
future research. 

New Metabolic Effect s of Phototherapy. Preliminary studies 
suggest that infants receiving phototherapy may have increased insensi
ble water loss, peripheral skin blood flow, and heat loss.,rn. "" If these 
studies are confirmed, some adjustments in thermal and water balance 
during phototherapy will be indicated. 

No effect upon cortisol, growth hormone levels,'"' or urinary 1 7 ketos
teroid excretion84 in infants receiving phototherapy have been noted. 
Uric acid levels have not been affected.9:i 

IND I CA TIO NS 

HYPERBILIRUBINEMIA OF PREMATURITY. The main indication for 
phototherapy is for the modification of hyperbilirubinemia of prema
turity. With the use of phototherapy one may avoid potentially dangerous 
serum concentrations of bilirubin. Proof that there is a decrease in brain 
damage with this treatment is not available. Such studies are in progress 
but it will be several years before definitive results can be expected. In 
the initial studies of its effectiveness, all low birth weight infants were 
treated.71 • 98 Later studies have indicated that this is no longer neces
sary-14· 101 and that essentially the same results may be obtained by treat
ing only those infants whose serum bilirubins rise to 10 mg. per 100 ml. 
The premature infant who is highly susceptible to kernicterus70 (Table 3) 
requires special consideration, as such infants may develop kernicterus 
at very low concentrations of serum bilirubin (10 to 15 mg. per 100 ml.).◄H 

If these infants are to be treated experimentally with phototherapy, they 
should be treated shortly after birth. No proof that this, or any other form 
of therapy (exchange transfusion or phenobarbital), is effective in such 
cases has been published. 

MILD HEMOLYTIC DISEASE. Phototherapy is a useful adjunct in the 
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Table 3. Factors Identify ing the "Highly Susceptible to 
Kernicterus" Low Birth Weight Infant 

Birth weight of less than 1500 gm. 
Hypothermia 
Asphyxia (severe prenatal or postnatal) 
Acidosis 
Hypoalbuminemia 
Sepsis 
Meningitis 
Drugs (which affect albumin bilirubin binding) 
Serum bilirubin above 10 mg. per 100 ml. 
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treatment of mild hemolytic disease resulting from either Rh incom
patibility or major blood group incompatibility. 46 • 10" It cannot be used as a 
replacement for exchange transfusion when the serum bilirubin exceeds 
20 mg. per 100 ml. 

CONGENITAL DEFECTS IN BILIRUBIN METABOLISM. Phototherapy is 
a useful adjunct in the long-term treatment of the Crigler-Najjar Syn
drome.36· 47 No experience with other congenital defects of bilirubin 
metabolism have been reported. 

BILIARY ATRESIA. One can produce a lowering of total serum 
bilirubin levels in some infants with biliary atresia. It is not a very 
pronounced effect and no clinical benefits have been noted in the few 
infants we have treated. 

JAUNDICE OF UNKNOWN ETIOLOGY. The use of light in situations 
where the etiology of the jaundice is obscure is impossible to evaluate. 
Light should be used in these situations only after a diagnostic work-up 
has been carried out. 

The incidence of brain damage from idiopathic hyperbilirubinemia 
in full-term infants is so low, and the condition so rare in our experience, 
that this should be an unusual indication for its use. 

HOW MUCH AND WHAT TYPE OF LIGHT 

The most effective light conditions for treating jaundice in newborn 
infants have not, as yet, been defined. It will take several years before this 
can be established: The problems involved are highly complex and many 
answers will require long-term follow-up studies. What can be given at 
this time are suggestions as to the general quality and quantity of light 
that has already been shown to be effective . This may not necessarily be 
the best, nor the safest, as some totally unexpected long-term effects 
could become apparent. This seems unlikely. 

Thorington et al. 112 have recently reviewed the studies published and 
pointed out that much of the data, when viewed by a photobiologist or 
lighting engineer, are not reported in sufficient detail to allow precise 
analysis. Nearly all studies describe the light used only in terms of foot
candles. This supplies only an expression of the sensation of brightness 
produced by the light. More meaningful would be to describe the light in 
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terms of the radiant energy in that portion of the spectrum (blue) which 
is important in the photodestruction of bilirubin. In vitro and animal 
studies'""·' 111 now indicate that this is in the 440 to 4 70 mµ range. The 
term for this is flux-quantity of total radiant power or energy in watts 
per square centimeter. It is unfortunate that there was no simple way of 
directly measuring flux. Simple, but expensive, spectroradiometers are 
now available that can accomplish this. In the clinical studies reported 
the conditions have varied widely with respect to the dose and spectral 
distribution of the light. The following broad generalizations appear 
valid: 

1. Fluorescent lights such as Cool White, Daylight, Vita-lite and Blue 
have all been used successfully with levels of intensity ranging from 100 
to 500 foot-candles . Some studies usmg natural light of greater intensity 
have also been done. There is no proof that high intensities (over 1000 
foot-candles) are more effective or needed in hyperbilirubinemia of 
prematurity. 

2. Blue lights are more effective in vitro, in vivo, in rat studies 
(Hewitt et al., unpublished study), and in man. The unresolved question 
is whether exposure of infants to monochromatic light will cause any ad
verse effects. This type of lighting constitutes a considerable environ
mental change for the newborn infant and must be approached cau
tiously. We have, to date, extensive experience only with infants raised 
under broad-spectrum light during the last 30 years since fluorescent 
lighting was introduced into wide usage. It should be remembered that 
physiologic jaundice may, in fact, be a disease "aggravated" by bad illu
mination in our present nurseries.66 

If one wants to use the minimal amount of radiant energy to produce 
an effect on bilirubin, then he will choose blue light. If one is concerned 
about other possible effects of monochromatic light27 then one will con
tinue using broad-spectrum light. A possible solution to this dilemma is 
offered by the recent exciting studies of Ferreiro et al. (personal cbm
munication, 1972). His group has shown that 48 hours of early pho
totherapy on the second and third days after birth is as effective as the 
traditional 144 hours of continuous therapy. These studies suggest that 
in addition to the photodestruction of bilirubin in peripheral tissues, 
there may be an additional mechanism that improves bilirubin excretion 
which is activated by early, intense exposure of short duration. If these 
studies are confirmed, then considerable less exposure to light will be 
required to avoid hyperbilirubinemia of prematurity than has been em
ployed in the past. 

CHANGING OF BULBS. The spectral output of all fluorescent lamps 
does deteriorate with time. It has therefore been suggested that fluores
cent lamps be chan ged every 200 to 400hours42

• 110 in order to insure max
imum effectiveness. However, if the lamps are run under proper condi
tions (not allowed to overheat) this precaution is not necessary. Most 
fluorescent bulbs will, under normal conditions, not lose significant radi
ant power in the blue range during 2000 hours of operation. 

INTERMITTENT VERSUS CONTINUOUS EXPOSURE. At the present 
time in many newborn nurseries and in nearly all intensive care nur
series, the environmental lighting is not varied during a 24 hour cycle. 
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No studies have demonstrated the presence of circadian rhythms in 
premature infants in the first week of life, but little attention has, in fact. 
been paid to the light conditions. 

Intermittent light therapy is effective in treating hyperbilirubine
mia.121 It is nearly as effective as continuous light (Ferreiro, personal 
communication, 1972). When intermittent light therapy is employed. one 
probably should monitor serum bilirubin levels more carefully than 
under continuous therapy. If one is concerned about the remote possibil
ity of eye damage and changes in circadian rhythms, then intermittent 
therapy offers an attractive therapeutic alternative that seems quite 
reasonable. 

Studies designed to better define the minimal amount of light needed 
to reduce serum bilirubin levels are needed. It is now obvious that the 
originally arbitra1ily chosen light conditions often supply more light than 
is needed. 

In conditions in which rapid hemolysis is occurring and phototherapy 
is being used. rapid rebounds can occur when phototherapy is discontin
ued. Intermittent therapy is therefore not indicated when treating hemo
lytic disease. 

INFANTS IN WHOM PHOTOTHERAPY MAY NOT BE EFFECTIVE. Certain 
infants appear not to respond to phototherapy. This includes not only 
some infants with hemolytic disease,"" but also infants with liver disease 
or breast milk jaundice, and American Indians. The reasons for therapeu
tic failure in these infants are not understood. Whenever one encounters 
therapeutic "failures" the light source should, of course, be checked. The 
presence of clothing, opaque incubators, or failure to turn the infant 
frequently all obviously decrease the effectiveness of light. 
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HIGH RISK NEWBORNS, GESTATIONAL AGt ,,._,.., __ _ 
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13, HIGH RISK INFANTS - Jilysical findings 

Apgar score below 5 
Active resuscitation required 
Chilled baby (Temperature bel6w 970 R) 
Abdominal distention 
Meconium stained 
Jaundiced 
Single umbilical artery 
Seizures (twitching, eye-rolling) 
Low birth weight for gestational age 
Fever or hypothermia 
Depression 
Absense of femoral pulse 
ScaJi'loid (empty) abdomen 
Excessive mucus 
Temperature instability 
Consistent rapid respiratory rate - -t:.a.chypnea. (6o+) 
Episodes of apnea or bradycardia 
Unusual change in feeding behavior, poor suck 
Frequent regurgitation and/or vomiting 
Excessive weight loss or failure to gain 
Diarrhea or blood in the stool 
Hyperirritability, hyperactivity 
Marked iallor or plethora 
Cyanosis or "dusky" episodes 
Unusual positioning, rigidity, or hypotonia 
Reddened cord stump, weeping or foul smelling cord 
Petechiae or excessive bruising 
Persistent tachycardia 
Lethargy (especially note a change) 
Grunting respirations 
Nasal flaring 
Retractions 
Difficult breathing from any ca.use 
Failure to iass stool within 24 hours 
Failure to urinate within 24 hours 

We feel that the items on the above list deserve special attention and 

should form the basis for inservice programs in the obstetrical and newborn 

de~ments of each hospital. The Perinatal Program is always happy to 

furnish educational materials to implement such inservice programs. 



----------
14, GESTATIONAL AGE ASSESSMENT 1 "MATURITY" , For years we have looked 

only at the baby's weight as an indication of his ina.turity, We now recognize 

that the length of gestation is a much more critical factor. We are also 

aware that the amount of growth that has occurred for the period of time in 

utero is very important. Unfortunately, the calculation of gestational age 

by using the date of the last menstrual period is not always accurate, In 

fact, these calculations are frequently off by a month or more, For this 

reason, a Jilysical assessment of the newborn must be carried out to verify 

the gestational age. Nurses are quite capible of performing this assessment, 

Both weight and gestational age are important in the classification of 

infants at birth to anticipate morbidity and mortality and the optimum care 

necessary to reduce these problems, An accurate weight on admission to the 

nursery is necessary, A careful menstrual history is important for estimating 

gestational age, but should not replace a clinical estimation of gestational 

age asp.rt of the Jilysical examination, p.rticularily when the history is 

inexact or a discrep.ncy between birth weight and gestational age exists, The 

following can be considered for evaluating the newbornz 

A, The following formula is used for estimation of maternal due date, 

la.st menstral period date - subtract J months and add 7 days - this 

determines the estimated due date, 

e.g, - December 10th= first da.y of last menstral period 
12th months - J months= 9~h month 
7 + 10 =- 17 :. Estimated due date O September 17th 

B. Physical examination, 

a, Breast tissue -

1, Under 1-2 mm in diameter - J5-J6 weeks 

----------



2. 4+ mm - 36-39 weeks 
J. 7+ mm - 39-44 weeks 

b, Foot creases 

1. Preterm infant - more turgid and may have only fine wrinkles 
2. Mature infant is well and deeply creased (involving heel 

creases 29 weeks and above) 

c. Testes and labia 

d. 

1. Testes - undescended - to JO weeks 
2. Testes - high in the canal - few rugae - JO-J6 weeks 
3. Testes - lower - more rugae - 36-39 weeks 
4. Testes - descended, pendulous scrotum, rugae complete 39-44 weeks 

1. Labia - majora widely separated - prominent clitoris to J6 weeks 
2. Labia - majora nearly cover labia m.inora - 36-39 weeks 
3, Labia - minora and clitoris covered - 39-44 weeks 

Neuro - muscular tone 

1. Heel to ear 
a. No resistance - to JO weeks 
b, Slight resistance - 30 to 34 weeks 
c. Difficult - 34 - 36 weeks 
d. Impossible 39-44 weeks 

2. Scarf sign 
a, No resistance - to 30 weeks 
b, Minimal resistance - 34-36 weeks 
c, Fair resistance - 36-38 weeks 
d, Difficult 38 - 44 weeks 

3, Suck evaluation 

4. Grasp 

5. Moro 

It becomes clear that to identify the low birth weight infant of 2,500 gms, 

or less at birth as the only infant at risk is in error. :j:t is important to 

keep in mind that there are babies that weigh more than 2,500 gms, a.nd are 

actually premature or immature, and babies that weigh less than 2,500 gms, 

which are at full term, but are under grown or undernourished in utero, and 

are at increased risk for hypoglycemia, 6•7 



6 
Pagliara, Anthony, MD, et al, "Hypoglycemia in Infancy and Childhood., 

Part I", The Joumal of Pediatrics, March 1973, VolW11e 82, No. 3, p. 365-379. 
7 

Korones, Sheldon, "High-Risk Newbom Infants, The Ba.sis for Intensive 
Nursing Care", CV Mosby Co., St. Louis 1972, p. 66-89. 
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Neurological Evaluation of the Maturity or 
Newborn Infants 
CLAUDINE AMIEL-TISON 

Frl1 ,n rl:c" (:,·ntr,· dl· R,\)ll.,.,"1, l·s U1,1 .11 1.:..•1..; 11,·:i .\·,:;,11utL1!,:s, ll,ipirl1I l'orr -- Noy"I, U11i1. ·1..T.,ir.__: J.: Pu,-,·s
1 

Fre1,1i..:i: 

Ccrd1rnl maturati,,n during the last 1hrl·..: months 
,,i frtal lifr brings abuut cunstant m,1diti..:a1ion ,,f 
muscle tlml' .ind ,,f certain rdkxcs. This ha, 
mabkd a ~dll'llll' t,> be dc,·i,l·,I. whereby th.: 
ncur,,It,gicil 111,1turi1y ,,f the prl·m:1tu1T infant at 
difkrl·nt agl'S cm bl· asscss..:d. Saint-Ann.: Dargas
sil's ti ll55 ) dl'tincd this n,·ur,1h,gi..:.1l prugr,·,si,m by 
analysing a gr,,up ,,r ll)ll prematures of knuwn 
gcstati,mal ag..:. and the hingitudinal n·,,luti,,n uf 
hl·althY l'fftll,\111r,·s, b,,rn a1 ~:-; ,n·cks' g,·,1a1iun:il 
age and s111di,·d up tu -Ill ,,.,.l·ks' gl·,1a1iunal a1:c. 
Th,· dinil·al rl·,1111, ha,·,· hl·,·n ,·u111parl·d with th,· 
dc.:tr,1,·11..:..:phal,,gr:1phi..: 1) )r,·yfus-Bri"1c, 1:k,chi:r, 
and Plassart, l •>11~ ) and anatomical ( Larnich,·, l <)(,:.) 

st:ig.:s ,,f ,il·,·cl,11'nll'nt ,,f the brain. In applying 
this m:ltur.l!i,,n sl"l1l·111,· ;,, 'sm.lll-for-d,l!,·s· babks it 
has bl·cn ..:,,n..:lu,kd th,ll brain deY,;l,,pml·nt during 
frtal lifl' pwgr,·"cs indep,·mkntly uf unfavourahk 
gestational cin.:umstancc~. Chnmic fl·tal ~tre,s is 
rdkctcd m:iinly \n thl· birthwl·igh1 and w a k " cr 
,kgrl'l' in th,· h,,,h· kngth at birth. The brain, 
l1<n,·c,·er. fr,,m th,· !'"int pf ,·i,•,,· ,,r anatomy and 
phy .,i,1!,,gY. n·,,lv,·, nh,rl' in pr,1p,1rtiun lll thc 
g.:stati,,nal :lgl· \ (. ;l•sdl and :\malruda, l 'N5; 
Ikrgstr,im. (.;unthn, 01,iw, and S,idnling, 1955; 
Saint-Ann,· Dargas,ks, l ll15). 

The ,,riginal ,,bscn·.11i,,n, ,,n \\'hid1 this papn is 
based arc th,1,l' of 1\\ink,1\\'ski, l.arn1dll', Vignaud, 
Dr.:yfus-Hri"1.:. and S.1int-1\nnl· I )argassics ( I <)(i(i ) . 
This papl·r prl''l' lllS a pr:ic:tic:al llll'lhod for applying 
clinic1lh· till' princ:ipks do..:rihl·d by these autl1llrs. 
Butkr and n,,nham ~lll(13 ) estimated that a third of 
infants \ffighi ng los than ~500 g. have a gcstational 
ag.: gr.:atcr than 38 w.:cks. The small-for-dat.:s 
baby is liabk to d.:,·ck1r serious metabolic distur
bance ,hl1rtly afta birth; for this reason it is 
impl·r,ni,·.: th;lt th.: ..iss..:ssmcnt of gestational age 
be m:i,k car!,·. Occ:asil1n..illy the initial neurological 
cohl.1,i,,n ,,f matur.lli,,n is c,,nfusni by signs of 
n.:11,,,:,,~i,.1! ,i1,-,r,krs . But, a, a ruk, ncurnl,1gic..il 
.:xamin:ni ,,n during thl· tirst days nf lif..: can provide 

Rc:- cc:-in .. ·J ,\b~ ~2. 1961. 

data that arc b<>th prc<.:i,.: and <.:a ~y to e valuate . 
Physical crit.:ria, ,uch as th,· qua lit y of the hair, the: 
skin, and th.: plantar crca,e,, can provide additional 
clinical cvidcnc..: of maturny (U,hc r, McLean, and 
Srntt, 1966; Mitchdl and Farr, 1965; Farr, Mitchell, 
Ndigan, anJ Parkin, 1966; Farr, Kc:rridge, and 
Mitchell, I 966). 

G.:ncral Principle~ 

Sai111-i\n11l· l )arga"ie, ( \ t)5'JJ ha, appl1eJ 10 the 
pr,·m:1111re hahy till· 111,thnd llf ncurulug u.:.il cxamina
ti,m ,k,cribc.I hv Thuma, (Thuma, and S.1int-1\nnc 
Darga"ies, I 95::!; Thoma~, Chcsni, and ~aim-Anne 
I hrgassi.:,, l 960). Appreciation of mu\<.:k ton.: is 
:1 fun,lamc•ntal fr:.nur.: in this c·x:imination, and 
indudcs study ,if th..: re,ting po,turc or attitudc, 
'passi,·l· wn.:', and 'a<.:tiv.: tone'. 'l'a"ivc ton.:' is 
appreciated by the phy~ician app lying <.:ertain mov.:
ments 10 the infant who r.:main, passive and at 
r,·,t, whik, for instanci: , th<.: a mplitud.: of passive 
nwv,·m,·nt , uf a ,ingk joint is mca, ur.:d. In 
i.:,,ntra,1, 'active tone·' i, ,1udi,·d with the infant in an 
active si111a1ion, thi: physician n,llin g, for in,tancc, 
th.: righting rl'a<.:tion of the trunk when the infant 
is placed vntieally. 

89 

Only tho,.: pans of the examination that ar.: 
required to a ppreciate th.: infant's maturity arc 
gin·n in th~ Figures. Th.: following notes arc 
intended to supplcmcnt and dari fy th<.: tests set 
out in Fig. I, 2, and 3. Gestational ages ar.: 
cal<.:ulatl·d from the first day of th.: mother's last 
menstrual pcrind. 

Passive Tone (Fig. 1) 

Lowe1· limb. 

Tcehriiquc for the heel-to-ear manreuvrc. 
\Xfith thc baby lyin g 11at on the rnbk and kccping th.: 
pt"in"sj/,lf ,,,, 1/i,· 1,1hl,·, lift thc kgs a, f.1r as possible and 
then at1cmp1 t<> rou.:h th.: hcad with thc fcct. Obscrvc 
th.: distancc bctwl·cn kct and h.:ad 1Fi~. I (2)). 

Pt1pli1,al 1.111_~/,: 111,1.1 .<11r,111,·111. J\\aimaining the pclvis 
jla1 on ch.: tabk, flcx th<.: thigh at the hip to achieve a 

* Reprinted with the permission of the publisher and author. 
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I. POSTURE 

2. HtEl TO EAR 
MANOEUVRE 

bmonths 
28 weeks 

Completely 
hypoton ic 

bl months 
30w«ks 

Beqinn,nq of 
flex,on ot thiqh 
at hip 

cG--X:: 
~~ -i -~~ 
'- '--- '-- '--

7months 
32weeks 

Stronger 
fle1lon 

cct 
~ 

7J month s 
34 weeks 

~~~11~~•eke 

cct 

8month1 
3bweek , 

, Flcxion of the 
i four l im b , 

I 
I 
qt 

8) monlh \ 
38wrcb 

Hypcrton,c 

( ~~ 

~ ! u_\ I CL~ 
- .. - ·-

I '1monlh 1 
i 40 weeks 

, Ver y 
I hypcrtonic 

( { ~ 

I') ~ 
J. PO? LITE AL 

ANGLE ⇒500 I ) I >10° \ >100•: ->too~ ?<KJ
0 -580° r:-,,- I r,y- I r,r- ,-:-y-- ,,-., r:-, ,-...-

\....:.)..._. \._:..),.___ \._:.:.t__. j \._•.,)-.__ \ ..:.),-._ I '_) - • ,-

--- ----- t---~----· 1--- ; . .: i . . ::s;:;r:o.: 
4. DORSI 

FLEXION 
ANGLE OF 
FOOT 

I .,...,._ N r., _ N ' rr-__)'J 40 

I l.X..-J40- 0 ~ 40 - o l 
I 50 I 50 I Fu ll term 

ex-Y 

J::7, > 
------ - j ____ --- -- _L ---r·-. -

5.'S(Af\F ' SIGN 
~=-[ : ·Sk---< I 

'Scarf' siqn complete with no 

1

1 

c~ > .'?f L , 

resistance 
'Scarf' siqn more limited elbow s .. qht ly ~011es 

m,dli ne 
r tow olmmr 
reaches 

b. RET Uil.N TO 
FLE XION OF 
FOREARM 

- --- -· - --·- - - · 

Upper l imbs very hypoton ic 
l y1nq ,n exten11on 

Fie ,ion of 
I forearms 

I 
beq,ns to 
appea r, but 
very weak 

S::unq 'retur n 
:o J lt."). IQn'. 

Fi e x1on tone 
, ni-.. 01teu 1~ 
fo rearm mo,r -
:a,ncd 30 sec 
,n e.ctens1on 

rr Id I Inc 1 
- _J 

S-rro nG '·cr,.H1 ro tl e1 1on · 
Fo re orrn ; et v~n 1 ..-erv 
;, :om;>T l y to ~l e• •on ' -.j; ·e · 
oe,nq e :(renoe~ :or 10 H: c 

FIG. 1.-Pas.<frc c1111c. /11,;rcasc 11/ to11.: with 111<1t11rity illustratt'd by 111.:w1s of 6' cli11ical tor.,. 

km:e-chest posit ion. Hold ing the lhigh in the knee
chest pe,sition, li ft the lower segme·nt o f the leg and 
observe the angle formed with the thigh, which is the 
poplite·al angk d'ig . I (. 1') . 

,1l11_,:I,· ,f d,•ni-tl.-.,i, ,11 ,,{ rh, (, ,,,,. In a fu ll-term 
ncwb,,rn at t,irth th,· r,,lll , ·:1 11 be· fulh· dnrsi- tkxed . 111 

a pre·m:llur,· 1,aby, ,inly parii al dnr,i-l kxi,1n l·an be 
achi,·vnl. T h.: an gk e1f ,h1rsi- tkxinn nf th..: font 
dc.:reases duri ng g,·station, thi s expla ins the differcr11.:c 
of positio n in automatic walk ing: a premature who has 
reacheJ -10 " ·ee·ks walks in a toe-h.:cl p1'ogression or on . 
tip-toes : a tu ll -tcrm -IO wceks' newborn walks in a 
heel-toe progression using the whole sok of the foot for 
support , F ig. 1 vl)). 

Cppc·r limb 

· ~:.:•·r , :_· •1 •sip1e du fou!.1rd', in,!i,Jting tha t the 
arm c·n.: ir..:ks th..: n,·,·k like .1 s..:.irf.. T;ik..: th e infant's 
h:mJ anJ try to put it :iround the neck :ind as far 
posteriorly as possibk O\·er the opposite shoulder : in 
the full-term b.:iby the muscle tone resists this mano:uvrc. 

In the pn:mature b .1 by. the· h ypotor. ici ty allows the db<,-, 
to be mon:J tc> thc oppmi te· ,houkkr l'ig. ~ (5 . 

l{,·111r11 to p,,.,iri,>11 ,,( Ji,.,i,,11. In ti1e m atu~e b:,by, 
\\'hc·n thc forc:1 1 m i~ r,•;, :r,,·d ;,ft ,:· i°ull ,xtc·n,1 ,>11 ~l the 
1...·lbl,\\', it n.:t urn.:-, r.1p1diy to a ;·11, .1tinn l,f Jk:'-,On. 
i\ \:iin ta in such l.'Xt<:n,ion f"r 1tl sc·,·<1nd, and nh,cr\'c th~ 
pnunptnc·ss of the· return III ik~ 1un 1-.g . I ( h j . 

Active Tone 1'1;..:. 2 ) 

Ri~hting reaction of lower cxtrcm H: ,·s .. n.:: 
trunk. \Vith th..: baby in 1h..: ,land ing po,it:on . J,,L~, 
th.: , upporr or bu,ly · weight anJ thl' ri

1
ghting of lh, 

trunk (Fig. 2 / 1 anJ 2)). 

Righting reaction of the head 
S al, cxt.wors. \\'i th the baby sitt ing, anJ the hc~d 

hani;i ng down on 1hc .:h,·s t, mon: the trunk si1 ,, .: 
backward nn,1 ob,,n ·<: the r ,·action of the hcau, d1:• 
allows the tone of thc <:xtenso r muscle, on the b.i-~--- o. 
the neck to be tested (Fig . 2 (3)). 

!\'eek flexors W ith the baby lying on the table, gras; 
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I 
bm..,nfh1 i t, ~ m\"'nrh, I / 1rn.rnth1 I /~month, 6mon!h1 8)mon!h1 ! 9 mon rh, 
~8wcrb ' .h'lwt~rk., }? " rr,, I Mwf't•l, 3bwcckl 38wcekl 40w<ekl 

I 
I Brq,nninq ot '•AlOd rnppor t 

r k tcniion o when ,rondinq 

.. LOWER 1 lo\ol,"C r lcq on up but very 
E,ccllcnt righting + - , thigh upon briefly ---------♦ --------► EXTREMITY 1t1mulot1on of I sec rcoct1onoflcg --

110lc1 In lying illu1trot1on 
poJ1tIon below) 

·- ---- . 
Good right,nq 
of trunk witli Good righting of trunk w,th 

+ ,nfont held ,n ,nfont held ,n walking 

l .TRUNK - - - - vcrt1 cal po11t1on 

I 
tron,1tory ,uspen11on 

I ICC I iec 
1llu1trot 1on 1 llu1trat1on 

- ~- ----· il elowl b'! 1-:.. ..., ~ 

r - - ' 
J NECK Head begin I to Still d,(focul ! Good roght,nq Bes1m romcin- f,:e;n h~od in 

EXTENSORS right 1llel f and incomplete I but cannot to,n head wh ,c h l ine ,v 1tn trunk 

~~~\ !~)~cd 
I w,t.h qrcot hold ,t Goe,n't io:I bod for more then - - d iff ,cu lty for few 1econd 1 a few second, 

fro:n 11ttInq I 

po11tion _ _ 
--- -- -- . ·-- -

4 MCK i . Con!roct,on of Head begon1 !o At f1r1t head" Head oeq,n, to Difference 
fLEXORS - - muscles is right itself but hanging bock, fol low trunk 1 between 

Baby pu ll ed 
visible but no still hanging thenw 1t h keep, In lone Evtemon and 

Head Head movement of bock at end of sudden move - for few second 1 f lcxor, hos 
10 11ttInT pcndulont pcndulont head movement ment head , n upright d1m1n1shed po11t 1on rom 

i I ! qoe1 fo rward po11t1on ( I CC 1upIne : onto che1t dlu1trot1on 
I below) 

- -·· -- -- ' I Stro,gh!ening ~tro1 qht cn1nq St ro,qhrcn ,ng 
of legs of rrunk of hea d and 

! 
) (1\) I 

~ of) 5 trunk 1oqethcr 

. J- ~ ~ II l 
h L, ~ 
•• E 

St,mulat1on ° 

FIG. 2.-.. -1.dh·c.· t,Hlc.'. /11-..Ti.'t.1 .h' •if t,>11,: r.::ith 111a111ri1y il/11str,11c.·d /ly mcuus of 4 t, •:ifJ of n:~l11i11J; rc.·actio11s . 

the hands (or the shoulders if a \'..:fY small premarun:) and 
" ·• II him slo\\'ly to the ,iuing position, obscr\'ing the 

ion of the h,·acl in relation to the trunk. This 
~ks the wne of the tkxor musdes on the front of the 

~eek to be checked l l'ig. 2 (• I)). 
The righting of the head on the trunk is observed 

:i rst in the sitting position, then in the lying position. 
In a full-term baby, the diff..:renee between extensors 
,nJ ficxors of the ne..:k has diminished; he will be able 
:o keep his head from falling hack for at least a few 
,c,onds. 

Rdkxc, ( Fig. l ) 

0bscr\'ation of the su,king and w,lling rl'lkxes, gr.tsp 
r,:kx, and automati..: \\'al kini; requir,·s no comment 
Fi,. 3 (I, 2, 3, and 6 )) , so that only two of the items 

•; t ,,ut in Fig. 3 rcquir,· explanation. 

.\\oro reflex I Fig. 3 l-1 )) , A i;,·ntk tc·..:hnique is to 
'.: u<cJ with prematu;·e t,,tbi,·s: lift the baby a few 
-"~timctrcs off th.: bed by hol,ling both hands and 
•. !Jcnly kt go. .-\ C\,mpkte rl·action has three compo

~ ::1,: i' At-.: u,;:,,n .m.:l ,·xtcnsion of the arms; ( ii ) 
~cn1ng of the h.1nJ;; ,ii i crying. 

Crossed-extension reflex (Fig. 3 (5)). Rub the sole 
' :· one foot (left) whik the same leg is held in extension 

and observe the re,ponse in the oppo,itc (right ; kg. The 
..:ompkte re,ponse has three component,: ( i ) Ext..:nsion 
of the right kg, af't..:r a rapiJ tkxion or ' retr..:ating'; (it) 
adduction of the right leg, the right foot going toward. 
the kft foot (this adduction component only appears at 
32 weeks) ; (iii) fanning of the toes. 

Discussion 

Passive tone (Pig. I ). This i, resp,m,ible for 
the prngre,sive dL·,·clopment of the predomin~,ntly 
tlexor po,turc of the newb,irn infant at tnm ( Fig. 
I ( ! )). Mu,cle tnne i, c,1111ple1dy tlan·i,! at 28 
\\'L'eks , irn: reas..:, tirsl in th, di,tal sq.:m..:111', tu 
pro..:..:eJ in a caudu\:c-phalic direc.:riun. Flex,1r 
hypi:rtunicity is g..:neraliz..:d at ti:rm. Thi: mcasurc
mi:nt of ditferi:nt limb-angle, givcs an obji:ctivc 
measurem..:nt o r pa"ive tone; all th..:,..: angle, 
diminish as th..: mu,c.:le tone incr..:a , es. The 
fm,t-leg angle ,..:..:ms to indicat.: rdaxatiun of the 
passive tone of the posterior mu,cles of the leg. 
There is no satisfactory explanation of the difference 
in the foot-kg angles ob,..:rvcd in the n..:onatc born 
at 40 weeks' gestation and the premature having 
reached the gestational age of 40 weeks. 
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92 Claudine Amici-Tison 

1. SUCKING 
REFLEX 

1--

2. ROOTING 
REFLEX 

1--

3. G~AS? 
REFLEX 

1-

~nh.>n lh~ 

28 wecl1 I 
b ! mo nths j 
JOweckl 

Weak and not really 
1yndironize<l with deglut,tion 

Long lalency period . 
Reiponie 11 ,low and 
imperfect 

' •· :; e· G"C I? , , so::d c 0 d 
reoc t ,on s;,:-e oo s up ~nole 
•??er li mb but not itror. g 
enough to li ft ,nfant up off 
bed 

/ month\ 
37 w~<'ks 

Stronger and 
1ynchron1zed 
with 
dcglut,tion 

Complete and 
more rapid . 
Hand - to-mouth 
attraction 
eitabli1hed 

St ronger 

7j monlh1 
34 weeks 

I 
I 

8 mnnth s 
Jbwe c ki 

6\ month1 ! ')month, 
J8week1 1 40weeki 

Perfect··-♦ ---------+ 

Brisk 
Complete-·• 
Durable 

---------+ 

- --·--"7 

Th e rea c t ion o f 

Stronger 
u?per l i mb II strong 
enoug h to 11 f t -··♦ 
infant up off 

_I bed 

---------+ 

---------+ 

-·····-··+ 

-

4. MORO 
REFLEX 

I--

\'.eek . ob t a ined jult once . 
and not eli c i ted every time Complete ref lex+ -------+ -------- -♦ --------+ 

!>. CROSSED 
EXTENS ION 

Flex ,on and extens ion in a 
random pattern, 
purposele11 reaction 

7 - \ Good response with .· 
1 Exten1ion but St ill 1 Extension____ ------·-· ♦ 

no adduct ion : 1 ncomplete I 2 Adduct ion + 
_(_ __ __l_::_!_an~1 ~g-~f

1
the toe, 

-----r-
Bcgi ns tip

I toeing with 

1 
• A orem o tu re wno hos reo<.hed 

b. AUTOMATIC 
WAL II.ING 

I 

I 
good 1upport 
on so le and a 

. righ t ing 
l reaction of 
' legs for a few 
j 1econd1 I 

Pretty good 
Very fast 
Tip-toeing 

40week s. Waiki i n a toe -
hee l progrei 11on or t ,p-tae, 

1• A fu l l -term new born o f 40 
week> Wa i ki inc heel-toe 
progre11 ion on whole 10le 
of foot 

FIG. 3.-R,:fl,·.\·. D,,·,·t,,r1110·111 ,,{ r,:fl,·x acrh-iry with 111<11111"ity, ill11srrarcd for s11cki11g, ronri11g, 1:ra.1p, Mnro, 
i:r,1ssl·d 1..·xr,·11si,,11, aud u.-a .,1111..llic 't.!..\1/l:i11g rcjlt..·xcs. 

Active tone t Fig. ~). This i, evaluat<.'d through 
the righting reactiuns, investigated s..:gment by 
segment. At 1ir, t unly the righting of the lower 
extrcmitil's exists, and this is ,n:n whl·n the infant 
is hdd upright. Latn the infant is abk t<l sustain 
the weight ,,f his b,,dy, and righting of th<.' trunk 
occurs. Finally, the righting uf the hl·ad lxcomes 
possibk, by actiun of the neck extl·nsors when 
the baby is indined backwards fwm a sitting 
position; then, hy action of the neck fkxors, when 
the baby is pulkd to sitting p,,sitinn fwm supine. 
The equality ,,f 1kx,,r and extens,,r musdl· tum· in 
the neck in thl· ncnnate at term alluw, the hl·ad w 
be maintained m,>ml·nrarily in the line of the trunk. 
Finally, acti\·c tone is rcspnnsibk for the quality of 
the primary reactions (nr reflexes) (Fig. 3). At 28 
weeks these reflexes arc pre~ent hut weak and 
difficult tll elicit several times in succession. \Vith 
increasing age, they lxcom..: progressively stronger. 

Difficulties in appreciating muscle tone. 
Robim,,n \ l.:J66) in his recent article on assessment 
of gest,ui,,nJl ag..:. states, ·the methods so far proposed 
for 'dating· babies by neurnlogical examination 
have been insufficiently precise, or required too 
much experience in assessment of muscle tone, to 

be practicabk for geni:ral u~..:•. He ha~, accordingly, 
ri:jected muscle tone a~ an indicator of maturity, 
and instl·ad ha~ depcnded upon the pre~cnc..: or 
absence of certain rdkxe~, in particular, the pupillary 
rdkx. It rcmains our conti:ntion that appreciation 
of musck tone, following thc schi:me outlined 
above, should enable a paediatrician, after several 
munths of practice, to differentiate short gestation 
frum small-for-dat<'S infants. 

Optin1al conditions for the examination. 
Th<· examination immediatdy aft..:r birth ,hould be 
fullowed hy a sn :onJ examina t i11n ~ ur , Jay~ lat<.:r, 
as the tone chang..:, in th ..: day~ that follow birth. 
Th..: examination should be made when th..: infant 
is as wide awake a, possibk, for if the infant is 
sleepy the tone is much more rdaxcd and the primary 
reactions slow or absent. The best time is about 
an hour before feeding, when the infant is neither 
too sleepy as after a feed, nor too agitated while 
awaiting the next feed. 

Summary 

Neurological examination of the newborn infant 
is described, based on the evaluation of passive 
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Cli11ical assess111ent of gestational age in the 

11eJ.vhorn inf ant 

.• uoring S)'S/tm for grstational age, based on IO neurologic and I I "external" 

rritrria, has br,n ,1pplird to 167 ntwborn infants. The "external" scor, gave a 

brllu corrrlnrion 11·ith gestation than did the n,urologic score, but the combined 

tt>lal _;,..,c II as brtlrr thnn tithu alone. The correlation coefficient for the total 

,,,,,, again .ii gntnrion :ca_; 0 .93. The error of prediction of a single score was 

J .o:! ll'uAs and of the a:·t~age of two independent assessments was 0.7 wuks. Th, 

mrthod gi: ·rs conriJlrT<t rtsults within the first 5 days and is equally reliable in th, 

fmt 2-1 hours of lifr . Thi, scoring s)•stem is more objective and reproducible than 

:,ying tn gurs, gtstntional age on the presenc, or absenc, of individual signs. 

I.illy M. S. Dubowitz, M.B., B.S., D.C.H.,* Victor Dubowitz, B.Sc., M.D., 

Ph.D., l\f.R.C.P., D.C.H.,** and Cissie Goldberg, B.A. 

SHEFFIF.LD , ENGLAND 

I :-. RE c E x T ye;,rs there has been in
rrr:-ising in!erest in the ;assessment of ges
t.1 tion:-il :ige in th e· n<'wborn infant and in 
difTerC'mi:itir.g th <: :.~•n-gcs tation from the 

f,,. m thr Drp ,11 t, ,1 Ch,id !{,.a/th and 
S,,rio/,.gy, l_i::; : o :· ; of Shrfficld. 

Prt«nird in f,r.,: r. : :h,· T:f',· lfth lnttrnntional 
(',.r.r:rtH "' l',d int, in, .lfaico Cily, Duember, 
/'i1;8, and al the Fift.-rnth Mutin1: of the 
/'nrdiatric Rrstarrl. Socirty, Sheffield, March, 
1%!1. 

•Rrrip;,,,, "' IJ ,,,ra,,h £rnnl t,o,,. ,,.. s,.Jowm,,., F••' 
•I 1A, U~i,,d SA,ffu/,1 lfo,p,1o/,. 
••.◄ Ur,,,, Dr. V. DMhowit,, O,p.,1,,,,,.1 of CAiltl 
HN/111, U•i.,.r,i17 of Sl110,•"• 5',ff,,/4 10, BqlHtl. 

~ 

small-for-date infant. A number of clinical 
parameters ha\·e been used. These have 
fallen into two broad groups-a series 
of neurologic signs, dependrnt mainly on 
postures and primitive reflexes, and a series 
of superficial or external characteristics. 

THE NEUROLOGIC ASSESSMENT 

The original impetus for the neurologic 
assessment came from the classi,;al work of 
the French school under Andre Thomas and 
subsequently Madame Saint-Anne Dargas
sies.1 Various criteria, b;ascd mainly on tone 
and primitive reflexes, were assessed and a 

Vol. 11, No. I, ,P. 1-10 

* Reprinted wi.tb the -permission of t~e publisher and author. 
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i.:•·~1.11i,lll.1I ;1i.:,· ".,s cslahlishnl at whid, <'ad1 . ' 

p.u 1ic11l.1r di11i,·.il ~i~n app<·ar<'<I. Kocni~s-
lwr~•·r: a11d :\111i<'I-Tisn11~ ha\'e rcr<'ntly re
, ·inn·d lh<' ni1 .. 1i.1 us1·d. 

Rohinson• ~·h·1c·<l 20 nit<'ria from the 
Pn·d11P sd1<'ma for dl'lc-rtion of neurologic 
abnonnality in the nc-wborn infant and ap
plic-d th<'sc to the as.srssment of infants of 
, ·:u~·ing g-c-st:ition:1! age. He concludc-d that 
the 5 most 11sef11I tests of gestational age 
W<'rl' th<' p11pillary re-flex, which is consis
tently :1bS<.'nt under 29 weeks and present 
;ift<'r 31 WC<'ks, the glabellar tap, which is 
ahsc-nt ix-fore '.l2 weeks and present after 34 
wc-eks, the neck-righting reflex, which ap
p<'ars between 3-l and 37 weeks, the response 
of the neck flexors to traction on the hands, 
which is positi,·e after 33 weeks, and the 
head turning to light, which appears between 
32 and 36 werks. 

EXTERNAL CHARACTERISTICS 

Farr and associates0 reviewed a number 
of external characteristics which might be 

20 
Elbow recoil 

15 

... .. 
0 .. -0 10 
0 z 

5 

0 
28 29 30 31 32 33 

1'11• J,m,n11l "/ 1•,.,:,,,,,,,, 
/11/y 1117() 

usrful in the asscssmrnt of ~cslational age 
;111d dcv1·lnprd a systl'm of srorin~ ,·ach cri-

1' • · h'rion. Farr an<l associales7 subsc<pwntly 
analyzrd the value of 11 of these criteria in 
the assessmrnt of grstational age. In a series 
of 272 infants, they obtained a corrrlation 
rorfficient between score and gestation of 
0.75 for boys and 0.77 for girls and found 
that the best rq~ression formula for the pre
diction of gestational age was 1.120 l T -
0.0170T2 with 95 per cent confidence limits 
of ± 2.4 weeks. The characteristics they mea
sured were skin texture, skin color, skin 
opacity, edema, lanugo, ear form, ear firm
ness, genitals, breast size, nipple formation, 
and plantar skin creases. 

34 

MATERIAL AND METHODS 

Pilot study. We initially did a pilot study 
of all the neurologic criteria, as defined by 
Koenigsbcrger,2 Amiel-Tison,5 and Robin
son,• in a series of 133 infants. We found 
that there was a wide overlap of gestational · 
age at which an individual neurologic sign 

~ 
1 -
2 + 
3 ++ 

%.: 

35 38 39 40 41 

Gestation 

Fig. I. Hi,1ogram 1howing wide range of gestational age at which a particular neurologic 
criterion (l'lbow recoil) may be fully or partially developed. 

_, 
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;,:ht h1• pn•~1•111 or ahsr11t :md that it was 
,Y dillin11l 111 prnlid gl'slation olij1·l·ti\"t·ly 

~: 1 th,· h.1sis ,if i11di,·id11al nih'ria ( Fi~. 1). 
\!,,,,.,,, .-r. ~,,1111· si,.:11s wen• difficult to rlicit. 
Thc<1' i11d11drd thr pupillary reflex, for 
,,hid1 it was 0ftn1 dillin1lt to g<'t the eyes 
ad1•q11atcly opl"'.n and to src the pupil against 
the dark iris. The nrck-righting reflex was 
:il\o difficult to rlicit and was frequently 
:ili<rnt. e\'l'II in full-trrm infants. The glabcl
br tap was consistrntly present in all the 
infants m·er 30 weeks' gestation and thus 
Clf little \"alue within tl~e range covering 
the majority of infants for assessment. 

Sc:kction of criteria. A series of neurologic 
aitrria wrre sdrctrd on the basis of being 
l';1~ily definablr and rrproducible by difTer-
1·nt ohsnn-rs and least influenced by the 
··~tatr'' of the haby or thC' prrsence of neuro
lnt:ic abn0nnality (Tablr I). Ilecause of 
thr difficulty of trying to gi\'e an estimate 
of g.-stational age bas<:d on the presence or 
ah,cncc of a p;1rticular neurologic sign, as 
done hy p1-r,·io11s :rnthors, we decided in
,t,·.1d to score 1·ach nrurologic sign along 

linrs med h\' Farr and associates6 for 
~ernal characteristics (Table II). 

Scoring system. In each instance, 0 was 
the lowest score and compatible with the 
posture or state of the reflex in the imma
ture infant. We did not selectively load any 
particular sign but divided each into the 
number of grades that could be readily 
clrfinc-d ( Figs. 2 to 6). In parallel with this 

Table I. :'\curolo~ic criteria 
-------- ··------

C,ite,i,)n I Score 

P,tSlllf(" 0 4 
Sq11.1rc w111dow () 4 
Dorsi(lcsion of Foot 0 - 4 
.-\nn reco il 0 - :! 
Lc-i: rrrnil 0 ., 
PPplit<·al an~lc 0 - S 
lie-cl to car 0 - 4 
Scarf ~if:n 0 - 3 
llrad lag 0 • 3 
Vf'ntral auspcnsion 0 • 4 

Total 0 • 35 

Clinical a.ur.smunt of gr.1tntio11al a,:r. 3 

scri1·s of srlcc-lrd nc-uroloJ.iiC critrria, we also 
1m·d the criteria for external d1arartcristics 
as ckfinr.d by Farr an<l associatcsq; the 
same scorrs wrre used with the exception 
that we dividrd nipple formation into 4 in
stead of 3 grades (Table III). If the score 
differed on the two sides, the 11:ean was 
taken. 

Case material. Newborn infants on the 
obstetric landings and in the Special Care 
Unit and Premature Nursery of the Jessop 
Hospital for Women were studied. The in
fants were unselected. The only ones ex. 
eluded were those too ill to be examine 
or those with an absent Moro response. 

All of the assessments in this· report were 
made by one observer (L. M. S. D.). t\t 
the time of the examination, the exrectcd 
date of delivery was not known to the ob
server. After the assessment, the mother was 
personally interviewed in every instance, 
and details were obtained of the last mc-,1 -
strual period. We included for subsequent 
analysis all infants of mothrrs who were 
certain of the date of their last menstrual 
period, had a reg,ular 28 day (± 2 days ) 
tyclc, and had no bleeding subsequent to 
the last menstrual period. We excluded all 
cases in which the mother had been on oral 
contraceptives during the 12 months prior 
to conception. We did not exclude cases in 
which the uterine size was considered during 
pregnancy to be incompatible with the 
duration, as Farr and associates 7 had, as 

Table II. External criteria 

I Seu re 

Edema 0 ., 
Skin texture 0 4 
Skin color () - 3 
Skin opacity 0 4 
Lanugo 0 - 4 
Pbntar creases 0 4 
Nipple formation 0 - 3 
Breast size 0 - '.{ 
F,ar form 0 • 3 
Ear firmneu 0 • 3 
Genital, 0 • 2 

Total 0 35 

-
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Fig. 2. Scoring system for neurologic criteria. For legend see opposite page. 
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Clinical assessment of gestational agtt 5 

SO~IE NOTES O:X TECIINIQllES OF ASSESSMENT OF 
NI-:llROLO<aC CRITERIA 

rosTURE: Obs<'rved with infant quiet and in supine pos1t1on. Score 0: Arms and legs ex
trn,-lcd; I: b<'5inning of fkxion of hips and knec.-s, arms extended; 2: stronger flexion of legs, 
.unu c-xt<'nd<'d; 3: arms slightly flexed, legs flexed and abducted; 4: full flexion of arms and 
Jr~,. 

SQl1.-\RE WI='iDOW: The hand is flexed on the fon•arm between the thumb and index finger 
,,f the <"xamintr ( Fig. 3). Enough pressure is applied to get as full a flexion as possible, and 
1h<' an~le hctwren th<' hypothcnar eminence and the venlral aspect of the forearm is measured 
and ~r.1ded according to diagram. (Care is taken not to rotate the infant's wrist while doing 
thi< maneu\'Cr. ) 

.-\\KU: DORSIFLF.XIOX: The foot is dorsillexed onto the anterior aspect of the leg, with 
1hr n.rn1in<'r's thuml:: on the sole of the foot and other fin~en behind the leg (Fig. 4). Enough 
prn,un· is appli<'d to "<'t as full flexion as possible, and the angle between the dorsum of the 
f,~,t and the antfrior asprct of the leg is measured. 

.\ R:\1 RF.COIL: \\'i1h the infant in the supine pos1t1on the forearms are first flexed for 5 
v«•nds. then fully rxtcnd<"d by pullin11:' on the hands, and then released . The sign is fully 
lk"iti\'e if the :1rms n ·turn briskly to full flexion (Score 2) . If the arms return to incomplete 
lkxion or th<' r<'sponsc· is slussi<h it is graded as Score I. If they remain extended or arc only 
r .. 11 .. wrd by random mm·em<'nts the score is 0 . · 

I •·r, RF.COIL: With :he infant supin<', the hips and knees arc fully flexed for 5 seconds, then 
'- ukd br traction on the fret, and released. A maximal r<'Sponsc is one of full flexion of 
11:'l"'hips and knees (Srnrc 2). A partial flcxion scores I, and minimal or no movement score:s 0. 

l'OPLITEAL ANGLE: With the infant supine and his pelvis flat on the examining couch, the 
rhich is held in the knet'-chcst position by the examiner's left index finger and thumb sup
por1ing the knee. The kg is then extended by gentle pressure from the examiner's right index 
li11i.;er b<'hind the ankle :md the poplitcal angle is measured ( Fig. 5). 

IIEF.L TO EAR MA,.\'EUVER: With the baby supine, draw the baby's foot as near to the 
lw:,<l as it will go without forcing it. Observe the distance between the foot and the head as 
wc-11 as the d<'gree of t'xtension at the knee. Grade according to diagram. Note that the knee 
i, ldt fr<'e and may draw down alongside the abdomen (Fig. 6) . 

SC.\RF SIG:'\: \\'ith the baby supine, take the infant's hand and try to put it around the neck 
.,rul :>< far postc-riorly as possible around the opposite shoulder. Assist this maneu\'er by lilting 
1hr ..!h,,w across the body. Sr<' how far the elbow will i;o aC"ross and grade according to illus
tr . .tions. Srnre 0 : Elbow reaches opposite axillary line; I: Elbow between midline and opposite 
Hil:uy line ; '.:!: Elbow r<'achfs mi<lline ; 3: Elbow will not reach midline. 

IIL\D LAG: \\'ith the baby lying- supinr, grasp the hands (or the arms if a v<'ry small infant) 
.,nd pull him slnwly 1nw.uds the sitting position. Obscr\'e the position of the head in rflation 
t,, the trunk and t:ra(!r a,·cordin~ly. In a small infant the head may initially be supported by 
1011r hand. Score 0 : Compll'te lag; I: Partial h<'ad control ; 2 : Able to maintain head in line 
" rth hody ; 3: Brin~s he:1d anterior to body. 

\'f.\TRAL SUSPE:\'SION: The infant is suspended in the prone pos1t1on, with examiner's 
l1J111I undrr the infant's chest ( one hand in a small jnfant, two in a large infant). Observe the 
dr~rre of extension of the back and the amount of ftexion of the arms and legs. Also note the 
rrlJtion of the head to the trunk. Grade according to diagram,. 

II srhre diffen on the two sides, take the mean. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(i l>ul11l:!'it:. l>11bo:l'it ::, n11d <:ol,/1,rrg 

Wl' l'1>11sidn<',I i1 wn11ld 1•li111inalt• some of the 
s111.dl-for-d.1k i11f.1n1s, who form an intt-gral 
part of the ~111dy. 

:\II ;1ss1·s~n11·nts Wl'l'l' mad,• within 5 <lays 
<lf dl'liH·ry: in a br~c proportion the first 
a.~srssmrnt w.1s made within 24 hours. In 
many inL1111s multiple assessments were 
madr. The snics comprises 167 infants. 

RF.SUL TS 

Fi~. i show~ the distribution of total score 
against grst ;1tion in the 167 infants. Only 
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Fig. 3. Tcchniquc for square window. 
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the first assessment in each infant was in
cl11dcd in this analysis. The correlation co
efficirnt of the total score against gestation 
was 0.93. 

The regression formula for the total sc:orc 
(x) against gestation (y) is: 

y = 0 .2642x + 24.:19j_ 

The best regression line for the data is a 
linear one ( Fig. 8 ) . Th~ error of p rcdictirm 

of a single score based on th is data is 1.02 
weeks and the 95 per cent confidence limits 
± 2 weeks. If two independent assessments 
arc done on the same infant, the error of 
prediction of the average of the 2 read
ings is 0,7 weeks and the 95 per cent con
fidence limits 1.4 weeks. 

The correlation coefficient of the external 
characteristics against gestation was 0.91 and 
of the neurologic criteria 0.89. The corres
ponding 95 p<'r rent confidence limits on the 
single scoring by the superficial characteris
tics were 2.4 weeks and of the neurologic 
criteria 2.6 weeks. 

An analysis of multiple assessments done 
in 70 of these infants showed that the 
score was not influenced by the state of the 
baby and that it was as reliable during the 
first 24 hours as during the subsequent 4 
days. 

After completion of the survey, the scores 
obtained independently by 3 pediatricians 
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Fig. 4. Tl'chnique for doniflcxion of foot, 
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t",J/unr,· 77 
N1m1ba 1 

( ,'/inioil (/.l'.l'1'JJ111, · 11t uf gnlnl ionnl ng,: 7 

Tabk 111. S,·,,1 in :: s, ,1, ·111 1,,r ,· ,1, ·111.d , 1 it, · 1 i., 

Extnn,;/ 
.1ig11 () 

,\ ', '1/ I ,t 

Edema l )!,, i<'llS ,·d,·111a ,,r ;'\;,, 11h\'i1111s ,·d,·111,1 N" ,.d .. ,11 .1 

Skin texture 

Skin color 

Skin opac ity 
(trunk) 

Lanugo 
(o\'er bark) 

h .111.Is .111!1 ft- .- t: of ha nds ;111d 
pit tin ;; 1,,·cr ti b ia fct't ; pilling o,·c- r 

tibia 

\'c ry thin , ge lati
nous 

D .1rk red 

:\ 11 111cn•us , -c ins 
a nd , ·enulrs 
clearly seen. 
cspccia Ily over 
ahd,,111,·n 

:-;., b1111~n 

Thin a nd smooth 

Uniformly p ink 

Yeins and tribu
ta rit•s sern 

.-\h11nda11t·: l<'n); 
and 1hi,·k n,·t• r 
whole bark 

Plantar creases N" skin n.-ases Faint n·cl marks 
o\Tr a nt erior 
half of so le 

Nipple forma
tion 

Breast size 

Ear form 

Ear fimrnc-, s 

( :cn it:ils 
~!a le 

Ferna lc- ( w i1h 
h ips ~,, 
abduc ted) 

?\ippl,· han· ly , ·is- :\ ipple w c- 11 clc-
ihl,·: 1w an·11la finl'd: a n·11la 

s1111111th and !lat. 
diameter < 0. 7:i 
( ' Ill. 

:'\11 1111• ;1, 1 ti s:-- 111 · 

, ,:tl p .11>1,· 

l'i 11 11 a fbt a nd 
,h :ip,·il'». lit1:(· 
,,r 1111 incu 1vi n~ 
,.f ,·dgc-

Pi11n .1 snf1. e:1s il\' 
i , d,kd. 11 n rcr11il 

:\ 1• it i1:• r ll'.,t\ ., I ll 
, e r, it u n~ 

I.a h ia 111.ijnr.1 
w iti.-ly , .. p.1rated , 
lahi:t m i11ora 
p r, ,1rudi n s-

Bn ·;1 sl I iss1w 01 : 
1111 1• 11 r ltillh ~idi ·s. 
< 11. i ,·111. dia111-
l' tt•r 

I 11 <·111Yim:: of part 
., f !'dgc n f pinna 

Pin11 a w ft . eas ily 
fnld e cl , slow re
cnil 

.\1 h-ast o ne tes ti s 
h i<.: h in scro tum 

L abia m aj ora 
a lmos t cover 
la bia minora 

S moo th; mediu m S li .:.; ht th icke nin1.;. 
thick ness. Rash o r Supe rficia l crack-
superfic ia l p ee l- ing an d peeling 
ing especially of h ;rnds 

and feet 

Pa le p ink ; variable Pale ; "nly p ink 
over body ,., ·er cars, lips. 

p a lms. o r sole~ 

A fe w la rge vessels 
cl r arly seen o, ·er 
abdo men 

11:-iir thi1111i11 g 
c-s1w cial l~- Cl\'l'l' 
l,1wl'l' back 

A fr w lar.!!C , ·e, 
sr ls srrn in d is
tinc tl y m ·e r a b
d,.me n 

S1 11 a li :11 1111 unt ,. f 
la 11u g11 ;i ncl hale! 
areas 

D d i11it r rc-d 111 a rks I11 cJ ,·11 1a 1i .. ns ,.,T r 
over > ant c ri,,r 
1/a; indent a tion s 
ove r < ante ri"r 
1:~ 

An·"la stippkd. 
l' clgc 11nt rai sc-d . 
di:imete r <, 0 . 75 
cm . 

B,·, •; IS L I i, '11< ' 1, .. 1 Ii 
!ti idC'~: n1w nr lH 1tlt 
0 . .', • 1.1 I l' ll l. 

Pa rti :i l 11 wul'\'111 ,: 
whole o f upper 
pi1111a 

c ., rtil a c: e lU ccke 
nf pi 1111a . but soft 
in pl:iccs. rcacl~
rrcn il 

.-\ t k:i,1 1111t· tes t is 
r id 11 cl ,,wn 

L :ihia maj•,ra 
comple te ly co, ·er 
l:ibia mi11ora 

> a nt<' r ior ~!: 

An·11l a s tipph-d . 
e clg,• rai sed . cliam
r te r > 0 .i ,j cm. 

Bn ·:l'q 1i ~s 11< • l,nth 
sid i·~ : 11t H· or lu,th 
'-. 1 !' Ill. 

\\' (' ll-cl .-fi1w cl i11-
n 11Yi11 1.; whn!e nf 
upper pinna 

Pi nna fi rm . 
ca rtil age to edge ; 
inst:i nt reco il 

Adap1 rd ft om r;\rr and a~~N· i,Hn: , D l· ,·rlop. ~{rd. Ch ild Nru rol. 8 :50i , 1966. 

•u score diff1.·rs Clll , ,,o ~id1.·s , 1::1kc tlar lll l~::1 11 . 

T h ir k a nd parch
mrn t-like: super
fi ci a I o r deep 
cra,kin~ 

::S: o b l"od vessels 
seen 

:\t J.-as t './, 11[ 1,a c k 
cl< ·, ·11 id .,f lan11 t;11 

D r fi n i te rkr·p in
d c nt a ti11ns over 
> ante ri"r ~!: 
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fig. 6. Technique for heel to ear maneuver. 

(A, R. and C ' were compared with those 
ohtainrd hy L. :\f. S. D. in the same- infants. 
The 3 ~nil's r o111pri,1'cl 9, 10, and 110 in
fan t~. n·spt·cti,-c-ly; in each case th<' pedia
trician pr:ictic!'d tlw scorin~ systl'm on a 

rmmlwr of inbnts before <loin~ the com
p;uati,·e study. The Student's t test of the 
cliffrrrncr in s<·orl's between those of L. M . 
S. D. and c.-arh of the observers showed no 
significance. 

The scores ohtaincd by 3 nurse-~ (D, E. 
and F) wl'l'I' thrn compared with those- oh
tai:wd hr L_ M. S. J)_ Oil thl' s:1111t· infants. 
The 3 Sl'ri<'s comprised 11. 7, a11d 11 in 
fants. resprctin·ly. No11e of the mirst·s h:1d 
::my previous cxpnit'ncc at all with the 
method. The Student's t trst showl'd no 
signifi,ant diITcrcnce in s,orl's hl'lwccn ob
servers D :ind F and L. M. S. D. but did 
show ::\ di(Tc-f't'ncc with ob'S<'rvcr E, who con-
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Fi);. 7. Distributi1,11 of total score against gestational age in 167 infants. The best regression 
line- is a str:ii~ht line. Filled circle with vertical line through it = small-for-date infants with 
wright undt"r the tmth pt'rcentile for gestational age (No. = 23); filled circle with horizontal 
line through it = brge-for-datc infanu, with weight above the ninetieth percentile for gesta
tional age ( No. = 14); filled circle = appropriate weight for dates with weight between the 
tenth and ninetieth percentile (No. = 130). 

~istcntly scored 5 points higher for each in
fant than did L. M. S. D . 

DISCUSSION 

T he scorin~·: sy,;tem wc ha\'e used has 
pro\Td to be a rcl iab!r- technique for assess-
111cn t of gcst:Hion:'1 :i,.;e in the neh·born in
: mt . T he nireria u,ccl arc easily defined 
.t! ;<l the scoring s~stem can be readily learned 
!iy <loctors and nu1 ~(' 5. With a little prac-
1ir1·, the whole procnlure can be completed 
in .1hout 10 minutes. 

The system as a whole is much more 
ohj1·cti\·c and rclialile than the method 
of ll')'ing to base grslation on the pres-

ence or absence of individual criteria. 
Analysis of our data has shown that the 

external characteristics scored collectively 
give a better index than the neurologic 
criteria. However, the total score, using both 
groups of parameters, gi\'es a better result 
than either alone. 

The greater accuracy using the total 
score (with 95 per cent confidence limits of 
2.0 weeks) compared with the superfic ial 
criteria (95 per cent confidcnce limits 2.4 
weeks) is of the same order as that attained 
by Farr and associa tes1 when comparing 
their superficial criteria (95 per cent confi
dence limits 2.4 weeks) with prediction of 
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Fig. 8. Graph for reading gestational age from total score. 

gestation by birth weight (95 per cent con
fidence limits 3.0 weeks). 

We are grateful to Prof. R. S. Illingworth, Dr. 
A. Moosa, and Prof. J. Knowclden for help and 
advice, Dr. J. A. Black for access to infants un
der his care, Miss ::\L Flavin and nursing staff 
for their assistance and collaboration, Mr. A. S. 
Foster for the illusrrations, and Mr. A. T. Tun
still for the photography. 
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PHYSICAL ~INDINt;::, -EST GA WEEKS GESTATION 
--- -

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 

EXA M FIRST HOURS 

== f VERNIX A ppea rs Covers Body Decreases in I No V ern i>< 
Amount 

BREAST TISSUE None 1·2 MM 4MM 7 MM o r More 
-- -

NIPPLES Barely Visible I Well Defined Flat Areola Well D efined, Ra ised Areola - 2, Anterior An terior Creases Involv ing Heel SOLE CREASES None 11, Anterior 
. Transverse Transverse 2/3 Sole 

EAR CART ILAGE Pinna Soft, Stays Folded Returns Slowly Tl'lin Carti· Firm, Remains Erect From Head 
From Folding lage 

Springs Back 

EAR FORM Flat, Sl'la peless Beginning I ncurv• Part ial lncurving 

I 
W ell Def i ned lncurving 

ing of Peripl'lery Upper Pinna All of U pper Pinna 

GENITALIA· TESTES I. Undescended Testes High in Canal, Few Rugae Testes Lower Testes Descend ed, Pendulous Scro tum, 
SCROTUM More Rugae Rugae Complete 

LABIA I. CLITORIS Labia Majera Widely Separated, Prom inent Clitoris Labia MaJora Labia M inora & Cl itoris Covered 

, Nearly Cover 
Labia Minora 

HA IR (Appears on Head @ 20 wks Eyebrows & Lasl'les Fine, Woolly Hair Hair Si lky , Single Strands 
LAN UGO (Appears@ 20 wks) Lanugo over Entire Body I Vanishes From Face I Sligl'lt Lanugo over Shoulders No Lanugo 
SKIN TEXTURE Thin I Smooth, Medium Tl'lickness I Desquamat ion 
SKIN COLOR & OPACITY Translucent, Plethoric. Numerous Venules (Abdomen) Pink, Few Large I Pale Pink, No Vessels Seen 

Vessels Overall 
SKULL FIRMNESS Soft to l inch From Anterior Fontanelle Springy at Edges Bones Hard. Bones H ard, Cannot be 

Of Fontanelle. Sutures D isplaced 
Center Firm Easily Dis-

Placed 
POSTURE -RESTING Latera l Decubi tus I Hypotonia Slight Increase in Tone, Frog•Li.ke Total Flexion 

Lower Extremity 
RECOIL Absent Slight, Lower None Upper Stow Upper Ext Good Upper Ext 

n C 
r z 

Extremities Ext · z < 
Good Lower 

Ext 

LATER EXAM 

• HEEL TO EAR No Resistance Slight Resistance Difficult Almost Im- Impossible 

T 
DOSSible 

0 
SCARF MANEUVER No Resistance Min imal Fair Dif ficu lt 

N Resistance Resistance 
E r<"-'-" Cl\ I er,_,..,,.:, Absent St i0l'lt Fair Good 

r<t:.~r. FLEXORS Absent I Minimal Fa ir 
·MORO Barely Aooarent Comolete Exhaust ible I Good Comolete No Abduction Comolete w i th Abduction 

R PUPILS IV L,un, React 
E GRASP Feeble Fa i r I Solid, Involves Arms May Pick Infan t UP 
F ROOTING Minimal c Good c Reinforcement I Good L 
E Re inforcement 
X CROSSED EX:rENSION Sligh t Withdrawal Withdrawal W ithdrawal & Ext ension Withdra wa l , Extension I. Abduct ion 
E AUTOMATIC WALK Absent Minimal Fair, Toes I Good, HNIS s 

TRUNK ELEVATION Absent Slight GoOd 
GLABELLAR TAP Absent Appears Present 
HEAD TURNS TO LIGHT Absent I Appears Present 

z Ill n Ill :U > ~ !!! r m -i 
Ill 0 -< en ll 0 -l z ,. 
I; > 0 
► z 0 ... o r 
0 ,, 

0 z :u ll 
0 l'1 > 

3: 0 ,. 
> 0 () 
-i J: Ill C Ill en 
ll 0 ... m -► o n -l m > 0 z r z 
-i n 

► f11 l'1 r :u z 
► ... 
C'I I'll 

CLINICAL ESTIMATE, GA* Ill :u 
CALCULATED GA 

24 25 ""' 27 28 29 -:in 31 3~ 33 34 3~ ~!i ~7 ~8 ~9 40 41 !2 4} 44 

- NU~ ~ - 1c"""1ET ~ HO~ L-~ - ...,, - - - - - : --- -
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PHYSICAL FINDINGS 

VERNIX 

BREAST TISSUE AND AREOLA 

EAR FORM 

CARTILAGE 

SOLE CR EASES 

SKIN THICKNESS & APPEARANCE 

NAIL PLATES 

HAIH 

LANUGO 

GENITALIA TESTE S 

----------SCROTUM 

LABIA & CLITORIS 

SKULL Fl RM NESS 

POSTURE RESTING 

RECOIL - LEG 

-----
ARM 

CLINICAL ESTIMATION OF GESTATIONAL AGE 

AN APPROXIMATION BASED ON PUBLISHED DATA 

EXAMINATION FIRST HOURS 

WEEKS GESTATION 

20 21 72 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

APPEARS 

I 
COVERS BODY, THICK LAYER ON BACK, SCANT, IN NOVERN IX 

SCALP, IN CREASES 
CREASES 

ARCOL/\ l. NIPPLE BARELY VISIBLE AREOLA 1-2 MM 3 -5 56 7 - l0MM I 
1 12 MM 

NO PALPABLE BREAST TISSUE RAISCO NODULE MM MM 

FLAT, SHAPELESS BEGINNING INCUAVING WELL OEf INEO IN CU RVING TO LOBE 
INCURVING UPPER 2/3 
SUPERIOR PINNAE 

PINNA SOFT, STAYS FOLDED CARTILAGE SCANT THIN CAR T ILAGE PINN A Fl AM , REMAINS ERECT FROM HEAD 
RETURNS SLOWLY SPRINGS BACK 
FROM FOLDING FROM FOLDING 

SMOOTH SOLES s C REASES I 2 2-3 CREASES CREA SE.S INVOLVING OE. E PER CREASES OVlR ENTIRE SOLE 
ANTERIOR AN - ANTER I UR HEEL 
CRF ASES TER - 2/ 3 

IOR SOLE 
CREA-
SES 

THIN, TRANSLUCENT SKIN , PLETHORIC, VENULES OVER ABDOMEN SMOOTH PINK FEW SOME DES- THICK, PA LE, DESQUAMATION OVER 
EDEMA THICKER VESSELS QUAMATION ENTIRE B ODY 

NO EDEMA PALE PINK 

AP- I NAILS 10 FINGER TIPS NA I LS EXTEND WELL BEYOND F I NGER TIPS 
PEAR 

APPEARS ON I EYE BROWS & LASHES FINE, WOOLLY, BUN CHES OUT FROM HEAD I SILKY, SINGLE STRANDS ?RECEDING HAIRLINE OR LOSS OF BABY HAI 
HEAD LAY S FLAT SHORT, FINE UNDERNEATH 

A P - I COVERS ENTIRE BODY I VANISHE5 FROM FACE PRESEN T· ON NO LANUGO 
P EARS SHOULDERS 

TESTES PALPABLE IN INGUINAL CANAL IN UPPER SCROTUM IN LOWE R SCROTUM 

----------------- ----- ---------- -------
RUGAE -r---- PENDULOUS - - - - -FEW RUGAE RUGAE , ANTERIOR 

PORTION COVER 

PROMINENT CLITORIS LABIA MAJORA LABIA MINORA & CLITORIS COVERED 
LABIA MAJORA SMALL LARGER 
WIDELY SEPARATED NEARLY COVERED 

CLITORIS 

BONES ARE SOFT SOFT TO I" FROM SPONGY AT BO NES HARO BONE.SHARD, CANNOT BE. D ISPLA C ED 
ANTERIOR FONTANELLE EDGES OF FON - SUl UAES EASIL V 

TANELLE D ISPLA CE D 
CENTER FIRM 

HYPOTONIC HYPOTONIC BEGINNING STRONGER FROG-LIKE FLEX ION HVPERTO NIC VERY HYPER TONIC 
LATERAL DECUBITUS FLEXION HIP ALL LIMBS 

THIGH FLEXION 

on ~ ~ ~ ~ ~ ¾ ~ 
NO RECOIL PARTIAL RECOIL PROMPT RfLOIL 

~ (}-----"-, 0--S-, 
----------------- ---------------------------- ---------

N O RECOIL PAQtJ1fll RE Cf"J I L I PROMPT RECOIL ArTER 30' 1NH1B1110N 
MAY Bl INHlf::s lT(O 

I 

~ ~ I ~ I 
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

COMPLIMENTS OF MEAD JOHNSON LABORATORIES 

R 
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PHYSICAL FINDINGS 

20 

TONE HEEL TO EAR 

SCARF SIGN 

NECK FLEXORS 
(HEAD LAG! 

NECK E XTENSORS 

BODY EXTENSORS 

VERTICAL POSI TIONS 

HORIZONTAL POSITIONS 

FLEXION POPLITEAL 
ANGLES 

ANKLE 

WRIST 
(SQUARE WINDOW) 

REFLEXES SUC KIN G 

ROOTING 

GRASP 

MORO 

CROSSE D EXTENSION 

AUTOMATIC WALK 

20 

- - - - - - -
CLINICAL ESTIMATION OF GESTATIONAL AGE 

AN APPROXIMATION BASED ON PUBLISHED DATA 

- - - - - - - -
CONFIRMATORY NEUROLOGIC EXAMINATION TO BE DONE AFTER 24 HOURS 
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PONDERAL INDEX 

The weight-length ratio aickin calling attention to the small for dates infant. 

The ratio increases with fetal age, i.e., the baby becomes heavier for his length 

as he approaches full-term. In intrauterine growth retardation, the weight -

length ratio decreases, since the rate of gain in weight is affected more than 

length. The weight-length ratio is calculated using the following formula: 

100 x weight in grams 

= Ponderal Index (P.I.) 
(length in cm)3 

The formula for the PI is based on a computation developed in 1905 by RohLer, 

a German anthropologist. Recently, Lubchencol and Miller2 have revived interest 

in the PI. When assessing small-for-dates babies, it serves as a predictive tool. 

A Low PI has been particularly associated with hypoglycemia, and pulmonary hemorrhage. 

(There is no apparent explanation for the association with pulmonary hemmorrhage.) 

For this assessment to be accurate, it is necessary to have an accurate assess-

ment of the gestational age. In an attempt to arrive at a reasonable assessment of 

GA, a physical exam based on neurological and physical development is coupled with 

the mother's history of the expected day of confinement and a reasonable gestational 

age is arrived at. It should be pointed out that using EDC's alone is not reliable 

since many times the dates are off by a month or two. By doing a careful physical 

assessment, these discrepancies can be made apparent. 

In the past, maturity of infants was judged on the basis of body weight alone; 

in other words, if a baby weighed more than 2,500 gms. he was considered mature 

and concern was not expressed. However, if he was less than this amount, he was 

considered to be an immature or premature baby. We feel that it is far more pro

ductive and practical to assess ges,tational age and also the amount of growth for 

dates in arriving at a reasonable prediction of the newborn infant's maturity. 
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We realize that there are no specific conditions that can be predicted on 

the basis of a given ponderal index. However, the fact that a number of infants 

with low PI's have been shown to have hypoglycemia, alone, makes this a valuable 

tool. Unfortunately, hypoglycemia does not always manifest itself with obvious 

signs and symptoms. Increasing the index of suspicion by a predictive tool such 

as the PI should help to prevent the neurological sequelae of prolonged, untitled, 

hypoglycemia. 

prepared by: 

Herman A. Hein, M.D. 
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Classification of Newborns by Birthweight and Gestational Age and by Neonatal Mortality Risk 

From: Battaglia, F.C., and Lubchenco, LO: J. Pediat. 71:161, 1967. The C. V. Mosby Company, St. Louis, Missouri. 
Additional Copies available from Ross Laboratori~s. Columbus, Ohio 43216. 
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ARTICLES 

INTRAUTERINE GROWTH IN LENGTH AND HEAD 
CIRCUMFERENCE AS ESTIMATED FROM LIVE 

BIRTHS AT GESTATIONAL AGES FROM 
26 TO 42 WEEKS 

Lula 0. Lubchenco, M.D., Charlotte Hansman, M.D., and Edith Boyd, M.D. 
Prcmat11rc and Newborn Center and Cliild Research Council, 

Unforrsity of Colorado Mrdica{ Center, Dc11ver 

I:-:Tl\.UTTElll~E ~rowth in weight as t•sti
mated from live hirths at g<'stationa] 

ages 24 to .t:2 weeks has hc<>n puhlislwd in a 
pre\'ious pa1wr. 1 It is the purpose of this 
,11mm1111ication to present the c<1uivalenc 
percentile patterns of intrauterine growth 
in kngth and head circ11mfea·nee as deter
mined from th<' same sample of infants. 
Percentile..• charts have hecn construct<'d for 
kngth, h<'ad · circumference, and weight
length ratio in ord<'r to visualize growth in 
sen·ral dimensions as an aid in detecting 
conditions which affect fetal growth. 

The relationship of weight to .length and 
head circumferenee should he of value in 
_., ·c\·rmining aberrations of ietal growth. 

__,:hes<' di:uts an· c:..tim.itl':, of intrautt'r
iiH• growth, b ,,s<•<i 0 n mer1surements of in
fants born alivt, a~ \'t,rious gestational ages, 
.-.s determined from the onset of the moth
t>r's last menstrnai period. It is recognized 
that premature birth itself is unnatural and 
presents an inciecerminable bias in the 
dat, •. Since the gru\\'th of fetuses in utero 
cannot be- mea~~i ~ed . the d~ta are presented 
\\'ith reser\'ation~; thereiore, the charts of 
intrauterine grow;:il ;n ,er,gtii, head circum
ference, weight, ~m! weig!:t-length .atio a.e 
only approximate definitions of the g:.oup 
pattern of tetal ~row;:h with ~estational age. 

CLINICAL MATERIAL AND METHODS 

All liveborn infants admitted rn Colorado 
Gen('ral Hospital Full-Term and Premature 
Infant Nurseries fro~ July, 1948, to 'Janu
ary, 1961, are included in the sample. Data 
from the r<'cords of infants over 36 weeks 
gc•station admitted after 1955 were not 
used because of the large numbers already 
tabulated in these groups of longer gesta-
tio~ · 

Excluded from the total sample of 7,827 
babies were 1,167 non-Caucasion infants 
(Negro, Oriental, Indian) and 363 whose 
gestational ages were less than 26 or more 
than 42 weeks. Further deletions, 1,495 in
fants, were due to uncertain gestational 
ages, failure to record the race, or the de
sired measur<'ment. 

Twenty-six infants with recognized gross 
pathological conditions, anencephaly or hy
drocephaly, e rythroblastosis with hydrops, 
babies of diabetic mothers, and those with 
multiple congential anomalies, known to 
affect birth weight, were removed from the 
sample because better limits for physiolog
ical growth were being sought. 

Omitted also were 51 large infants of 
short gestation ~26--35 weeks) whose 
weights were far abc,ve the 90th pe.-.:entik: 
Plotted on ,, ~c,.ttergram they gave the ar,-

1S11011,,ttcd Sc-ptemlx·r Hi; acceptet: for pubhcation Ortober 21, !965.~ 
T::c• ?.-l',1·,acur<' .wci ;\c \,·bvrr, Center i~ supported in part by a grant-in-aid from the Chilciren's Bu.<:~,..: 

.n CT,-,,,~.-ra::,,n with ti-. ,• Coloracl;) State Department of Public Health and the University oi Colorado 
~frd ic.,1 Cc'm~, .. r,a oy Nffi C.-ancs No. 1066 and No. 573-0951- The Child Resea:rch Cm.mcil is 
,11p1)1; ,,eti ir, p,,rt b:, :. ~ .. ,n:-in-[,;d , ~IH l\o. 675. 

AJDRESS: (L.O.L.) Unive.-sity oi Colorado Medical Cer.te~ '1~00 Eas! '.'Jintl: .A,.ve ;, ue, D~iwer, Colorado 
80220. 

403 

PEDIATRIC:i, Vol. J71, No. 3, Marcil 1966 

• 

* Reprinted with the permission of the publisher and author. 



1· 
I 
I 
I 
I 
I 
I 
I 
I 

-. 
I 
I 
I 
I 
I 
I 
I 
I 

" 

-10 I 1:\TH.\l'TEHINE GHO\\'TII: I.ENGTII AND SKlJLL 

p,•;11',llll't' of lwin~ a distind and dill'1•n·nt 
p11p11l.1ti11n. ' Tlwy \\'l'l'I' horn to motlwrs 
,•1msidn,•1l to han· had nwnslrual-likc 

,·c1lin~ after C'Oll('<'ption. ' 
- I II-ad l'in·11mfn1·11l·1·s w1·r1· thus availahlc 
for -1.";"~0 a11d l<'ngth for -t.710 hahi1·s. The 
rn·onling of hoth w1·i~ht .,ml length tnl'a
sun·nwnts m.ul(• possihll' llw calculation of 
wdght-knglh ratio for 4,706 infants. 

L<'ngth and ht'ad t'ircumfrrcnces were 
obtained by the pediatrician in the first 24 
hours aftl'r birth. One of two methods were 
us<'<l to dl'tcrminc l<'ngth: the baby was ei
thC'r suspemkd by the ankles or he was 
measured supinl', with his head against the 
top of the bassinet and one leg extended. 

Head circumfr·rence was measured with 
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a disposahl1• tape at thl' larg1•st occipito
frontal dH·11111f l'rl'ncc. 

\Vlwn w<•ight and knglh W<'rc both avail
able, the wl'ight-kn~lh ratio was c,dculatc<l 
according to Holm•r's pomh-ral indl'x/ thus: 

100 X wdght in grams 

Length' in centimeters 

It is one of the various weight-length ratios 
in which the geometric law of dimensionali
ty is maintained, namely, that three dimen
sional volume, or if specific gravity is ap
proximately constant, weight of similar 
bodies arc proportional to the cuhe of their 
linear dimensions. Then if the ratio is not 
constant, there is a change in form or densi
ty of the bodies with age. 
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Fie. 1. Percentiles of intrauterine growth in weight, length, head circumference and weight-length ratio . 
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In general. this index describes how 
hea\'y the baby is for his length and age; 
the larger numbers portray a heavy baby 
for his length and the _ smaller n11mher cle-

·ihes an infant who is thin for his length. 
- Percentile charts of trend and variation 
in length, head circumference, and weight
knp;th ratio with age were constructed ac
wrcling to the method previously described 
for weight.l 

The 10th, 25th, 50th. 75th, and 90th per
centiles for each \\'eek of gt>sta~ion were 
read from ogives of fr.l~ origmal '.:iata. The 
resulting nerccntilc: cc1rvc-s from 26 tc, 42 
weeks 'of gcst:ct:on were then twice 
smoothed hy arithmetic three-point means. 
The paucity of infr,nts a.: :2.; and 25 weeks 
of ~l·stat;or. innner,ccs t\:,· values at 26, f?, 
2S and 29 weeks by this method and, there
fore, the <'nd oi ,his cun·c ;s indicated by a 
broken iinv. 

Thcr<· ""-'fl' no statistically significant 
tliffr.-c1K·L'S in nwr,ns for <·ach week of age 
in w,·iglir, ie,;gtl,, ,1, hc,.d circumference 
between Spanish Arner(can and Cauc::.sian 
infants and, therefore, the two groups were 
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51.8 
51 . '/ 
52.0 
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combined. There were small, but significant 
sex diffl'rcnccs in weight after 38 weeks of 
g.estation, but none demonstrable between 
sexes for either lcn~th or head circumfer
ence at any age. 

Twins and triplets were studied separate
ly from singletons and found to be different 
after 35 weeks of gestation. However, their 
inclusion in the data did not alter the medi
an values because they constitute a small 
proportion of the total number. 

Figure 1 is a composite of percentile 
curves for intrauterine growth in weight,1 
kngth, head circumference, and weight-
1ength ratio. For practical re,,sons, both 
:;exes 11re combined for each of the percen
tile charts. Tables L II, and III give the per
centile figures ,,nd :neans 

In the prev:0u~: st,:dy,· cl;rves ot intra
uterine growth ir, we:ght were compa,C?d 
with data selectec.i from tLe literature. Dur
ing the past yc:i-r, percentile charts from 
other parts vf the country have bl'C:ome 
available/ ·· r,nd can now b..: assessed. 

The main difference between the Colora
do percentile curves and those from Balti-
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·!6 
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:U 
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:H 
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:Ii 
:18 

:m 
40 
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-l!l 
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65 
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}1,6 

35:1 
611 
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587 
515 

4,720 
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·"""" 10th 
~ 

-16 . 1 'H.4 
'.!6.1 25.2 
'l6.9 2-L5 
:l7.9 'l5 .3 
28.9 26 .2 
'!9 .8 26.0 
30. l 27.6 
Sl.5 28 . 4 
:11.0 :l0.2 
:1-.! .4 30.0 
:1-.!.9 30 .6 
3:J.2 :n.1 
33.4 SIA 
33 .6 Sl.6 
35 .8 31.8 
:H.1 32.0 
3-' .2 32 .l 

- ··· 

more and New York is in the weight of in
fants of short gestational ages. The 50th 
percentile weights of the infants in the two 
-astern cities arc grcat(·r than Colorado in-

''-...ints from 30 to 35 weeks of gestation. The 
75th and 90th percentiles are much greater 
than Colorado's from 26 to 35 weeks. 

111e smaller Colorado weights may well 
he related to the inclusion of data on out
born infants transferred to the Premature 
Infant Center whose admissions depended 
on a birth weight of 2,500 gm or less, and 
also to the exclusion of large infants with 
short gestational ages because there was 
doubt about the reliability of the informa
tion. Furthermo:e, a number of infants with 
unrecognized disease remaining in the sam
ple could 1)Gssibiy influer.ce the curve: 
downward . 

111c Colorado pcrcentill's, excluding a 
st·gment of unusual births, indicate approxi
matt"' limits ,if physiolog:cal growth, while 
th<' :'\t>w York and Baltimore curves have 
dC'tcct<'d ,-. s~Jecific group of high risk in
fants and emphasized the magnitude of the 

I 

- - ---•· ----- - ·-· - 4 • • · 

Smoothed Pert't'nlilr., (r.m) Rolh Sr.ru 

::!,5th I !i()/h I 75th I 00th 

25 .6 25.2 26.6 28.5 
2-l.4 25.8 27.2 211 .0 
25.4 26.7 28 .0 20 .4 
26 .4 27.6 28 .8 :m.2 
27.4 28.6 29.7 SI. I 
28 .2 20 .6 30 .5 SI.O 
29.'0 30.4 31.4 32.7 
29.8 SJ.2 32 .l 33.4 
:I0 .6 31.!) 3l.O 34 .0 
Sl.3 3-2.5 33.4 34.5 
31.8 32.0 33.8 34.0 
32 .5 33.2 34.1 55.2 
52.5 SS.4 34.3 55.4 
52.8 33.7 34.6 :15 .7 
35 .0 34.0 34.8 55 .9 
SS.2 34.2 35 .0 36.0 
33 .4 34 .3 35. l 36.2 

probll'm. Only time and use will demon
strate the best approach. 
- Percl'ntile curvl's of intrauterine growth 
in length a.nd head circumference were not 
found in the literature. Therefore, m<'ans 
were calculated from the Colorado data for 
comparison with the means on length and 
head circumference from Mall, Scammon, 
Ylppo/ and Crosse." l\fall's mean lengths 
and Scammon's calculated curve are ap
proximately the same as Colorado· data 
from 26 to 36 weeks. Ylppo's figures, Scam
mon's and Crosse's data arc slightly below 
the means of Colorado infants. By 40 
weeks, all the measurements are greater 
than those of Colorado babies. 

The occipito-frontal circumference of 
newborns in published reports is most often 
given according to bitth weight or length . 
rather than gestational age. However, the 
few data available ,iccor<ling to gestation,•;,: 
are near the Colorado means except at 40 
weeks when they are greater . 

The percenti1es of length and head cir
cumfeNIIDce herein are, therefore, repre-

-
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-!.·H 1.K-t !UN !!.10 !!.:Ii 
'l . ·H I.Kl !!.0:1 !!.21 !!.:18 
'l.'l-l 1 .K:I !!.05 !!.24 2.40 
'l.:J7 1.88 2.09 2.29 2 .55 

'l.41 I.OS 2 . 13 2.SS !! .61 
'l.-l5 1.95 2.10 2 .37 2.6S 

I t.:11 1.96 ~.17 2 .:JO 2.6:1 
i.-65 1.00 2.21 2.42 2 .65 
'l.47 2.0·• !!.25 !!.45 !! .68 
2.5-6 S!.11 !!.SO 2.40 !!.73 
!!.50 2. 16 2.SS 2.51 2.77 
2.01 2.20 2.:17 2.55 2.81 
2.61 2.2-l 2 .40 !!.60 2.8:1 
:t.66 2.24 2.4S !!.62 2.85 

I -t.66 2.25 2.~ !!.62 2.85 
I -t.67 2.26 2.44 2 .62 2.85 

I i.65 !!.26 !!.44 2.61 !!.Si 
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2 .95 
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st•ntatiw of l'arlil'r data l'Xcl'pt at the for- needed. A useful adjunct to other obscrva
til'th week of ~l'station where Colorado ba- tions <luring the early hours after birth is 
hies are slightly, hut <:onsistently, smaller in _ the recording of the baby's weight, length, 
all dimensions than those reported from and head circumference on the intrauterine 
other arl'as. growth charts. 

The wci~ht-lcngth ratio reveals some in--'"':>The position of the infant's measure
tl'H'sting patterns not apparent in the scpa- ments on the charts may indicate that he 
rate percentile curves of weight and length. is within the usual boundaries of growth for 
There is an increasing weight-length ratio his gestational age, he may be near to or 
as gestation proiresses; the babies become outside of the extremes of normal growth, 
heavier for length as they near full term. or there may be discrepancies between the 

Also, there appear to be spurts of gain in percentile positions of weight, length, and 
weight in excess of length at 30 to 31 weeks head circumference. 
of gestation, and a steady rise from 34 to 38 Infants who are large for their gestational 
\\'<.'t'ks of gestation, after which time, there ages may be so because of genetic factors. 
is a fairly constant relationship between A small positive correlation (r ranged from 
length and weight. 0.12 to 0.30) was found between weight of 

Length has an inflt•ction point at 33 the newborn infant and maternal height.8 

wc·eks, weight not until 34 weeks; hence, Maternal diabetes, either overt or latent, 
the ,,·t· ight-lcngcii ratio continues to in- enhances the growth of the fetus in all 
crease until weight :s slowing off. dimensions.9

• 
10 The infants of diabetic 

, ~others not only are heavy for their period 
COMMENT of gestation, but also are long and have 

:\s greater t'mph:-.sis is placed on detect- large head circumferences. Also, infants 
ing neonatal hazards immediately afte:- who have transposition of the aorta are 
hirth, additional aids to diagnosis are larger than norrnal.11 
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Ji ,ti. .i; !, 1i1ll' ~nlwth fail11n• ,fSSll<.'i;\tnl 
",th ~• " ·r.11 ,·ti,lhl~il·,1lly llistinct cntitil'S is 
,,1,irc irc,p1cnt tlun ~rowth an·dl'ration. 

n,• c-nnditiom incl11dl', lwsidl' ~c1wtical
"t: ~111•111 h.1hies. cnngl'nital malformations, 

i;11 rantainc in fret ion such as rubella and 
urnkrnutrition in 111cm. 

Somt· of the congl·nital malformations as
\Ol'i,,h'll with intrankrin<.' growth retarda
tion arc Down's syndrome,'~ Turner's syn
<lron11· .' °' Sih-cr's s~·ndrome,u Trisomy 18,15 

)), ·I .. 111~1.'s svndronw,'~ and microccphaly.17 

TIH' ~cco"·nition of infants with undernu-
:--

trilion iu 11tcro is d ifficult especially at the 
t•arlil'r ~,·slational agl'S, It is possible that 
tlu· i11tra11tcrine growth curws will aid in 
tlil'ir tldl'dion hy r<.'n·alin~ discrepancies 
in tlic si:rc of the head, length, and weight. 

( )11 the basis of suckling animal 
,·xpninwnts,' 8 and by observation of 
l111ma11 iufants suhjccted to undcnmtrition, 
tlw pl'r~istcnt growth of the brain and skel
dal sntt·m at the cxpl'nse of the rest of the 
h,xly · 1,as hcen demonstrated. The subjects 
!i;1,·l' a false appearance of an elongated 
ho,l~· ;,ll(l an enlarged head. Permanent 
,t1111ti11~ or dw:ufing may occur. 

D.11;, arc being coll<'cted on a variety of 
'- .,ilitio11s which are generally believed to 

a ff,Tt frtal growth in order to determine 
wln-illl'r they modifv wcio-ht length , ., t, ' , 

,n·i~lit-l<'ngth ratio , or he,.1d circumference. 
TII!' intrauterine growth charts should be 

of , ;,Jue in the identification of children for 
fmthcr i1,wstigation, and in recognizing 
th,· l1ighcr risk infants. 

·SUMMARY AND CONCLUSIONS 

Ci.:,rts ~f intrtlu tcrine growth in length, 
w,< . ...:l1t-l,·ngth ratic, and head circumference
.: , nli:natt·d from liveborn measurements 
:1rv pr,·sl·ntt:d. Th~s~. ir, conjur.ctior, with 
11 1t ;-a,, c,-ri1w -.n·i~!l1t charts. permit the iden
lifi,·.1ti011 .of infants with unusual intrauter
in,· growth patt..'rns. 
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Neonatal mortality rate: Relationsmp to birth 

wei,ght and gestational age 

Data on neonatal mortality rates, by birth weight and gestational age, are presented 

in a variety of ways to indicate their usefulness in everyday practice. Th e conventional 

rates by birth weight groupings have been useful in the past, bu t data by both birth 

weight and gestational age are necessary for evaluation of current perinatal 

practices. Mortality rates in small blocks and in curvilinear zones by birth weight 

and gestational age are useful in evaluating the outcome of individual pregnancies 

and newborn infants. Each of these methods serves a specific need, and the advantages 

of each are described. The importance of using both birth weight and gestational 

age, when reporting mortality rates in neonatal populations, is emphasized. 

L. O. Lubchenco, M.D.,* D. T. Searls, Ph.D., Denver, Colo., 

and J. V Brazie, M.D., Chicago, Ill. 

BE c Aus E of improved diagnostic and 
treatment programs available for both 
mother and baby, there is a need to identify 
pregnancies at increased risk so that optimal 
care is made available. As family planning 
becomes increasingly accepted, the impor
tance of a satisfactory outcome of each preg
nancy is emphasized. A variety of maternal 
or fetal diseases influence the outcome of 
pregnancies, but in only a few specific condi-
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of Colorado M1dieal C,111,r, 4200 E. Ninth ,b,., 
D1nu1r, Colo. 80220. 
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tions, e.g., maternal diabetes and Rh iso
immunization, can the effect be quantitated 
with some confidence. However, consider
able data are available relating the effects 
of birth weight and gestational age to neo
natal mortality rates. Mortality risk based 
primarily on birth weight has been used 
widely; but in evaluating an individual preg
nancy, a more exact definition of mortality 
risk, based on both birth weight and gesta
tional age, is required. When maternal or fe
tal disease exists, the relative risk to the fetus 
of preterm delivery can then be balanced 
against the risk of the basic disease if the 
pregnancy continues. Moreover, after a baby 
is delivered, his risk-based on his birth 
weight and gestational age-can be deter
mined in anticipation of the need for special 
care. 

T he practical problems involved in de
termining gestational age routinely have 
been considered a deterrent to its general 
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acceptance. However, as more accurate men
strual histories are obtained and physicians 
gain experience in estimating the gestational 
age of the infant from physical characteris
tics and neurologic development,1-s it is 
likely that the use of gestational age will be
come routine. 

It is the purpose of this paper to demon
strate the practical value of neonatal mor
tality statistics when they are defined by 
both birth weight and gestational age. 

CLINICAL MATERIAL 
AND METHODS 

Information was obtained from coded 
data transcribed from the hospital charts 
of all live-born infants delivered at the Uni
versity of Colorado Medical Center from 
July 1, 1958, to July 1, 1968. During this 
10 year period, there were 16,287 live births 
and 380 neonatal deaths. Of this number, 
1,851 records (including 39 neonatal deaths) 
had inadequate information on gestational 
age; hence, the data used to compile the 
various charts requiring gestational age were 
based on 14,436 births and 341 neonatal 
deaths. The population being studied is 
medically indigent, a small number being 
private patients. The racial distribution is 
approximately 55 per cent Anglo-American, 
30 per cent Mexican-American, and 15 per 
cent Negro. 

Neonatal mortality was defined as death 
occurring during the first 28 days following 
birth. Mortality rates were determined from 
these data, using a variety of birth weight 
and birth weight-gestational age groupings. 

The smallest cell blocks, that is, 1 week 
gestational age and 250 Gm. birth weight 
increments, are presented as interpolated 
rates, based on a mathematical fit from the 
original data. 

RESULTS 

Mortality rates by birth weight. Mortality 
rates expressed according to conventional 
birth weight groupings are shown in Table 
I. The 500 Gm. weight groups are large 
enough to show a definite trend in the mor
tality rate; the larger the infant, the better 
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Table I. Neonatal mortality rate by 
birth weight at Univerity of Colorado 
Medical Center, 1958 to 1968 

Birth weight 
(Gm.) 

4,001 + 
3,501 - 4,000 
3,001 - 3,500 
2,501 - 3,000 
2,001 - 2,500 
1,501 - 2,000 
1,001- 1,500 

501 - 1,000 
500 or less 

No. I No. 
admitted died 

531 4 
2,528 7 
6,040 22 
4,977 29 
1,429 40 

449 63 
190 83 
108 97 

35 35 

Mortality 
rate(%) 

0.8 
0.3 
0.4 
0.6 
3.0 

14.0 
44.0 
90.0 

100.0 
1. Incidence of low birth weight (2 ,500 Gm. or less) 

= 13.6 per cent. 
2. Neonatal mortality rate, total = 2.3 per cent. 
3. Neonatal mortality rate in infants with birth weights 

> 2,500 Gm. = 0.4 per cent. 
4. Neonatal mortality rate in low-birth-weight infants = 

14.4 per cent. 
5. Neonatal mortality rate in low-birth-weight infants with 

birth weights 500 to 2,500 Gm . = 12.8 per cent. 
6. Neonatal mortality rate in low-birth-weight infants with 

birth weights 1,000 to 2,500 Gm. = 8 per cent. 

the survival rate until 4,000 Gm. is reached; 
above 4,000 Gm. there is a slight increase in 
the mortality rate. From these figures, con
ventional comparative statistics can be de
termined: the total neonatal mortality rate 
in this population is 2.3 per cent or 23 per 
1,000; the incidence of low birth weight 
(2,500 Gm. or less) is 13.6 per cent; the neo
natal mortality rate in low-birth-weight in
fants is 14.4 per cent, compared to a rate 
of 0.4 per cent in babies with birth weights 
greater than 2,500 Gm. 

Mortality rates by birth weight and gesta
tional age. 

Large groupings. The same data are ex
pressed in large groupings by birth weight 
and gestational age in Fig. 1.• The per cent 
mortality in these blocks clearly portrays the 
beneficial influence of longer gestation on 
the outcome of newborn infants. A 2 per 
cent mortality rate in infants with birth 
weights of 1,500 to 2,5QO Gm., who are born 
at 38 weeks and over, is surprisingly low 
and is an acceptable figure for the total 
newborn population. In the next lower birth 
weight group ( 1,000 to 1,500 Gm.), the 
mortality rate improves from 50 per cent in 
the shorter g~station range to 13 per cent 
in the longer gestation. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

8 1 6 Lubchenco, Searls, and Brazie Th, Journal of P,diatrics 
October 1972 

Grams·.------------------==~=--~=~~=-

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

soo 
Term Post-Term 

24 26 28 30 32 34 36 38 40 42 44 46 

WEEKS OF GESTATION 

Fig. 1. Neonatal mortality rate (per 100 University of Colorado Medical Center newborn infant 
admissi0111, July 1, 1958 to July 1, 1968) by large birth weight-gestational age groupmgs is 
shown. The improvement in the mortality rate with advancing gestational age is apparent 
(From Battaglia, F. C.: Am. J. Obstet. Gynecol., April, 1970, published by the C. V. Mosby 
Company.) 

Small groupings. The total amount of 
data available for this study permitted 
grouping infants into 500 Gm. birth weight 
and 4 week gestational age blocks (Fig. 2) 
and still detects distinct trends in the mor
tality rate by birth weight and by gestational 
age. When the data were examined in 
smaller blocks, i.e., 1 week gestational age 
and 250 Gm. birth weight increments, the 
rates were often erratic, due primarily to 
small numbers in some of the blocks. It was 
possible to avoid these uneven rates by utiliz
ing a smoothing procedure. Fig. 3 provides 
smoothed estimates for the small blocks. 
These figures were derived by interpolation 
from empirically fitted curves in both the 

birth weight and gestational age direc
tions. 

Curvilinear zones. When the data in Fig. 
3 are examined more closely, it is apparent 
that the mortality rate by birth weight and 
gestational age does not change sharply ac
cording to blocks, as implied in Fig. 1, but 
changes gradually with increasing birth 
weight and gestational age. A ·central point 
of the lowest mortality rate i6 identified in 
full-term babies of appropriate weight for 
gestation and, from this central point, the 
mortality rate increases as one deviates in 
any direction. The curvilinear effect can be 
emphasized by connecting blocks having simi
lar mortality rates, as shown in Fig. 4. 
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Fig. 2. Neonatal mortality rate by birth weight and gestational age. There is a decrease in the 
neonatal mortality rate with increasing birth weight when gestational age is kept constant, and 
a decline in the mortality rate with increasing gestational age when birth weight is constant 
except for the peripheral data. 

· The zone of the lowest mortality rate 
(0.2 per cent) occurs in infants of 3,250 to 
3,500 Gm. birth weight, born at 39 to 41 
weeks of gestation. It is surrounded by a 
zone in which the mortality range is up to 
2 per cent. This zone includes the full-term, 
small-for-gestational age (SGA) infants, 
shown in Fig. 1, as well as preterm babies 
with appropriate-weight-for-gestational age 
(AGA) and babies who are large-for-gesta
tional age (LGA). 

CLINICAL APPLICATION 

Mortality rates based on the total number 
of live births, or by birth weight subgroups, 
are generally used to compare results found 
in very large populations. Infant mortality 
rates ( deaths in the first year of life) are 
used more commonly for international com-

parisons-those of the United States, com
pared to those of other nations, having re
ceived considerable publicity in recent years. 
The relative standings of states and regions 
within the United States in regard to neona
tal and infant mortality rates have revealed 
trouble spots and prompted investigation into 
causes of high rates. 

Data by birth weight and gestational age 
have a more immediate use in perinatal 
practice. The data presented in large blocks 
(Fig. 1) may be used to compare different 
newborn services with one another and in 
evaluating the influence of care in a partic
ular service in succeeding time intervals. 
The mortality rate over the 10 year period 
1958 to 1968 at the University of Colorado 
Medical Center was remarkably stable. How
eve1-, during the last two years (1966 to 

• 
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Fig. 3. Newborn classification and neonatal mortality risk by birth weight and gestational age. 
Neonatal mortality rate by small birth weight-gestational age blocks, based on data from Fig. 
2. These figures were derived by interpolation from empirically fitted curves in both the birth 
weight and gestational age directions. (Interpolated data based on mathematical fit from 
original data, University of Colorado Medical Center newborn infants, July 1, 1958 to July 1, 
1969.) 

1968) there was a slight reduction in all 
blocks except the preterm AGA group ( 8 
per cent), but the differences did not reach 
statistical significance. 

Mortality rates by small birth weight and 
gestational age groupings are of special in
terest to the obstetrician and to the neonatol
ogist (Fig. 3) who are evaluating an indi
vidual infant. The obstetrician can weigh 
the risk due to the underlying maternal or 
fetal disease against the risk of preterm de
livery, while the pediatrician uses the infor
mation to assign the appropriate postnatal 
care to the infant. 

The concept of curvilinear zones of mor-

tality rates, based on birth weight and gesta
tional age, is not new. Karn and Penrose 
presented such curves in 1951 and Silver
man5 discussed them as an interesting con
cept in 1961, but they have not been put 
to practical use. The Colorado data (Fig. 
4 ) have proved to be useful in the Newborn 
Service at the University of Colorado Medical 
Center in assigning the level of care to be 
given a particular infant. Based on birth 
weight and gestational age, each newborn 
infant is assigned a risk from the . graph. If 
his mortality risk is greater than 10 per cent, 
he is expected to need continuing special 
c~re, regardless of other factors. 
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DISCUSSION 

Mortality data by both birth weight and 
gestational age are essential if one is to judge 
the chance of survival of a given infant, 
even when additional maternal and fetal 
factors affecting morbidity may he present. 
Because of this basic relationship between 
birth weight, gestational age, and mortality 
rates, it is incumbent upon investigators, stat
isticians, and perinatologists who report mor
tality statistics, to take into consideration 
the joint effect of birth weight and gesta
tional age, especially if the outcome of mor
tality rate is being related to quality of care. 

The data from the University of Colorado 
Medical Center are not necessarily repre
sentative of other populations. Many fac
tors, such as racial composition, socioeco
nomic strata, and incidence of high-risk 
pregnancies, are unique to each perinatal 
service. 

The use of birth weight and gestational 
age to predict neonatal mortality rates, with
out including many maternal and infant 
factors which are known to contribute to 
neonatal death, has been offered as the first 
step in screening large newborn populations 
in order to identify infants who are at risk. 
For example, the male ·infant has a higher 
mortality rate than does the female; in this 
study, the rate was 1.4 per cent for males and 
0.9 per cent for females. However, no signif
icant effect on the mortality rate could be 
demonstrated between the sexes when birth 
weight and gestational age were taken into 
account. The data in this paper give base
line information on mortality rates, from 
which estimates for a given infant can be 
made depending on sex, plus a number of 
other prenatal and natal complications.8 

The mortality rate for infants whose ges
tational age was unknown was 2.1 versus 
2.4 for those with a stated date, based on 
the mother's last menstrual period. During 
the years 1958 to 1965, the clinical estimate 
of gestational age was not made. During 
1965 to 1968, it was performed irregularly, 
but is now being recorded systematically. 
However, the calculated date of delivery 
from the mother's menstrual history, whether 
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or not the clinical estimate agreed, was 
used as the basis for these rates. Otherwise, 
an important high-risk group of infants 
would have been lost, i.e., the term-sized 
infants of 26 to 30 weeks of gestation, who 
have a 5 fold increase in mortality rate over 
term infants of similar weight.7 When no 
date for the last menstrual period is stated, 
the clinical estimate can serve for the pre
diction of mortality risk. 

The influence on mortality rate of the 
ethnic groups in the population must await 
further evaluation. Few such data are avail
able. Erhardt and associates8 have reported 
a large body of data from New York City 
in relatively small birth weight-gestational 
age blocks; mortality figures for white and 
nonwhite populations were given separately 
because of the difference in distribution and 
mortality in the two populations. 

Yerushalmy,9 long a proponent for the 
use of both birth weight and gestational age 
in evaluating outcome of newborn infants, 
has submitted data based on large birth 
weight-gestational age groupings as a 
method of dealing with these factors. The 
mortality ra tes presented by him appear to 
be high in relation to those given in this re
port. For example, the over-all mortality 
rate for infants with birth weights of 1,500 
Gm. or less was 71 per cent, compared to 
64.5 per cent in the present series. It would 
be interesting to know the distribution of his 
patients in smaller birth weight-gestational 
ag_e blocks. 

Although intensive care newborn nurseries 
have been developed in many areas, no strik
ing improvement in neonatal mortality rates 
has been apparent. These centers may have 
increased mortality rates because of a 
change in the population in the nurseries 
coincident with the development of the in
tensive care nursery, i.e., a larger percentage 
of higher risk infants referred to it for care.10 

Several nursery services with relatively stable 
infant populations have been able to demon
strate significant improvement in mortality 
rates coincident with the establishment of 
intensive care.11·18 

Usher,i. Miller and Futrakul,13 and 



' I 
I 
I 
I 
I 
I 
I 
I 
~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 

8 2 2 Lubchenco, Searls, and Brazie 

Sundell and associates18 have emphasized 
the need to relate outcoxhe of infants who 
have the respiratory distress syndrome to 
birth weight and gestational age since this 
disease is primarily one associated with pre
term birth. 

Recently, Behrman and associates17 have 
reported fetal and neonatal mortality rates 
by small birth weight-gestational age group
ings from a middle-class, white population, 
and including only single births. These data 
represent an optimal outlook for infants in 
this country; the over-all mortality rate was 
only 1.38 per cent. Uneven rates in small 
blocks are apparent, but in blocks in which 
large numbers occur, the rates are remark
ably similar to those obtained at the Uni
versity of Colorado Medical Center, even 
though the total mortality rate for Univer
sity of Colorado Medical Center infants was 
2.3 per cent. 

SUMMARY 

Various ways of expressing neonatal mor
tality rates have been discussed and the ad
vantages of each has been explained. The 
use of both birth weight and gestational age 
in assessing neonatal mortality rates is rea
sonable and practical. 

The authors wish to thank Mrs. A. June 
Tucker for her long-time interest and help in 
maintaining and organizing the data needed for 
this publication. 
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15. TRANSroRT1 

1. Have a device available - transport isolette (possibly shared 
with another/~r other hospitals) is best but a Gordon- Armstrong 
or sinilar type of unit can be aa.de to ,work reasonably well, 

2, At least 2 nurses trained to transport babies (must know how to 
bag breath a baby correctly) 

J. Have the ability to insert an umbilical venous catheter and 
know the standard dose of Sodium Bicarbonate for resuscitation.* 

4. Adequate device for delivering oxygen en route 

5, Adequate device for suctioning en route 

6. Awareness of the referral centers and their transport capa.bili ties 

7. Be sure to send referral information requested by the newborn 
center 

* See section on resuscitation 

8 Transport - High Risk Newborn Infants, Chairman, c/o Dr, J,H.V. 
Marchessault, Executive Secretary, Canadian Paediatric Society, Department 
of Paediatrics, Faculty of Medicine, University of Sherbrooke, Sherbrook, 
Que bee, Canada, 
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16. LABORATORY SUPPORT& We feel that any hospital delivering babies 

should have in addition to the usual designated laboratory facilities, the 

caP1,billty of doing micro blood. sugars and Illicro blood serum bilirubins. 

17, X-RAY SUPPORT: They should be able to do adequate chest films 

on newborns, including portables. 

18. INVOLVEMENT OF THE FATHER a The father should be encouraged to 

become involved in the events of labor, delivery, and the after care of the 

infant. He should be allowed to be with his wife during labor, and if the 

couple both desires it, he should be with the mother in the delivery room. 

With proper preparation, the father can be a strong supporting factor for the 

gravid&. 

Most fathers enjoy and appreciate the opportunity to have contact with 

their infant during the hospital stay. This practice is becoming widely 

accepted, in all types of J;hysical arrangements - whether it be a central 

nursery or rooming-in. If the father is instructed to wash his hands well 

and wears a gown over his street clothing there seems to be no increased risk 

of infection to the newbom. The early contacts of the family unit, father, 

mother, and infant, greatly enhance the cementing of family ties. The father 

should be encouraged to become involved with the care of the infant if he so 

desires, and u.y feed., diaper, and even bathe the baby in many obstetrical units, 

Doris Haire, RN, author of many books and articles on family-centered 

matemity care, is a strong advocate of the involvement of father, mother, and 

infant, Her research has clearly shown the safety of these practices, providing 

proper handwashing and gowning i s carried out. 
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19, NURSING PROCEDURES1 

A. Infection Control -

1, Handwashing1 Many of the common infectious agents responsible 
for colonization and for disease in the nursery are trans
mitted from infants by the hands of nursery personnel. 
Therefore, scrupulous attention must be pa.id to ha.ndwashing. 
Proper handwashing before ehtering the nursery is mandatory, 
and hands should be considered contaminated unless they are 
washed just before and just after handling an infant and 
after touching contaminated materi als. 

To encourage handwashing, both materials and facilities 
should be easily accessible. Handwashing includes the use 
of an antiseptic agent and proper technique. 

2. Gowning1 All nursing personnel should wear short-sleeved 
gowns to facilitate washing to the elbows, If a.n infected 
or potentially infected infant is handled, the nurse should 
wear a long-sleeved gown over her uniform or scrub gown, 
and discard it after use. 

3, Infected Personnels All personnel must- be taught that if 
they have even a mild infection it is of the utmost importance 
that they do not come in contact with newborn infants. No 
one with a respiratory, skin, hepatic, gastrointestinal, or 
other communicable infection should be permitted to work 
in the nursery, delivery room, or formula room, 

B, Staffing -

1, In staffing a nursery area, a minimum of different nursing 
personnel should be programmed to work in the newborn area. 

2. In the larger hospital, the nursery area is staffed as a 
se:i:arate unit, We recognized that in the smaller hospital, 
the nursing staff is caring for both infants, as well as 
general floor patients. It should be emp,.asized that the 
nurse caring for the infants should have contact 'kith only 
clean surgical or clean medical cases so that there is less 
chance for an infection being introduced into the nursery 
area, 

C, Ability to suspect and detect hypoglycemia and institute therapy. 
(This is accomplished through direct i nservice education - give 
nurses information concerning signs and. symptoms and then give 
them the gu1de1ines of what to do) - (See section - Hypoglycemia) 
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DIAGNOSIS AND TREATMENT 

ANTIBACTERIAL EFFECTIVENESS OF ROUTINE HAND WASHING 
Katherine Sprunt, M.D., Winifred Redman, B.A., and Grace Leidy, M.A. 

Fr,1111 fh · nc,>i.rtmt•nt ni Pediatrics, Co/uml,ia College of Physicians & Surgcori~, New York, New York 

ABSTRACT. :\ broth r inse method was ust>cl to 
determine the indigenous bacteria of the hands of 
nursery personnel and to demonstrate its stability 
under the test conditions. The efficacy of five wash 
agents in removing infant-acquired organisms from 
the hands was then explored. All agent~ were 
~qually eff,, ctiw including water when followed 
hy drying on a paper towel. 

There is evidence that a significant 
method of spread of bacteria from patient 
to patient is via the hands of personnel 
attending the patients. 1 • z Evidence for the 
effectiveness of brief ·'routine" hand wash
ing in removing patient-acquired organisms 
from their nands is limited. 

The , :l •• ·;·ent practice of concentrating 
patients requiring special attention in par
ticula.- are:ls for the best possible nursing 
care ( the critically ill into intensive care 
units and tht' newborn infants into nur
series) may increase the hazards of noso
,:.-omial ;nfections. The purpose of this re-

ort is to determine the efficacy of the 
routine brief hand washing occurring in 
one such area in removing patient-acquired 
bacteria and to compare various wash 
agents for their effectiveness in the quick 
wash proceduH·. 

MATERIALS AND METHODS 

Wash Agents Tested 

The following preparahons were used : 
3% hexachlorophene ~ pHisoHex ), iiquid 
saponified coconut oil (prepared in the hos
pital ph,,rm«cy ), 7.5% povidone-iodin~, 
0.75% fn.,.- iodine ( Betadine Surgical Scrub 
SolutiOH), &n ethyl alcohol emulsion, 7W, 

The data ~how that the routine-type quick hand 
wash usually ,·mployt•d by busy aides and nurses 
is effective in removing patient-acquired organisms 
and provide additional emphasis on the impor
tance of the hand wash procedure in prevention 
of spread of bacteria from paticnt to patient. Pedi
atrics, 52 :264, 1973, HA'ID WASHING , PH1soHEX, 
8ETADI1'E, TRANSMISSION O F BACTERIA. 

in a creamy water-in-oil emulsion prepared 
in the hospital pharmacy, Ivory soap bars, 
and tap water. 

Study Population 

The work described was carried out in
termittently from May 1971 through Marci.. 
1972 in nurseries of the Sloane Hospital 
for Women, Columbia Presbyterian \.iedi
cal Center, New York City. Nurses and in
fant care technicians ( referred to hereafter 
as "infant nurses") were regularly assigned 
to the nurseries where they washed their 
hands repeatedly while on duty with 
pHisoHex from a dispenser. Until Novem
ber 1971 infants were washed with diluted 
pHisoHex and rinsed with water on admis
sion to the nursery; thereafter in their 
nursery stay they were wiped clean, when 
necessary, with a water-moistened cloth 
Subsequently, during the study intervai wa
ter alone was used for washing and wiping. 

Routine Hand Wash Procedure 

Preliminary observation of per::.orme1 in 
the nurseries indicated the following rather 
standard hand wash procedure . wetting 
the hands with tap water, dispensing a 
small unstandardized amount of pHisoHcx 

(Received Januar) 29; revision accepted for publication April 2, 1973.) 
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TABLE I 

\ ' u11u: BAcrF.RtA tN HAND RtNSES OF NuRst:s Al'TF.R UstNo pH1soH1-:x 

RounNEt.Y AND Tnt:N :\t,ER UstNo CocoNUT 011,. SOAP FoR Two TO THREE WF.EKS 
-- ·----- --

cju• per ml broth rinu 

Infant Nuru pHisoHt.t as Routint Hand Wash Coconut Oil Soap as Routint Hand Wash 

'Into/ Stop!,• Strtp Colijorm Total Staph Strtp Coliforms 
---

s 5XI0' 5Xl0' 7XI0' 7XI0' I X 103 

1'1 I XI0' I X I0' I XI0' 1x10• 50 
I X I0' I X 10' 2X 103 I XI0' 'IXl0 3 4Xl0' 5 

C 2XI0' 7X 10' IX 10' 55 
G 4XI0' 4Xl0' I Xl0 3 IX 10• IXI0' 60 

. IX 4Xl0' 3 X 10' 
Sequential : 2 X 3Xl0' :lXI0' 

wash i, :lX 2Xl0' 2XI0' 2XI02 

f IX 106 I XJ0• 40 

( I X 10• I XI0' 90 
I Xl06 IX 10~ 94 

• Staph= staphylococci; Strep = streptococci; cfu = colony-forming units in terms of whole numbers. Blank 
spaces =org-anism not detected . 

on one palm and spreading it over the 
hands in two to three brisk washing move
ments, rinsing with tap water and drying 
with a paper towel which was subsequently 
used to turn off the faucet. The wash agent 
was in contact with the hands for a few 
seconds oniy. For the present study per
sonnel were requested not to deviate from 
this, their usual procedure, except for sub
stituting the various wash agents as indi
cated. One of us ( K.S.) acted as monitor 
of procedures in all experiments. 

Broth Rinse Method of Recovering Bacteria 

Bacteria which could be readily removed 
from the hands were determined by rinsing 
both hands in 10 ml trypticase soy broth in 
a sterile polyethylene bag ( 6 x 9 x .004). 
First one hand and then the other was 
clenched and opened five times in the broth 
at the bottom of the bag. The rinse was 
decanted into a sterile test tube for im
mediate bacteriological study. Tween 80 
( 1%, v /v) and sodium thiosulfate ( 1% w /v) 
were routinely added to the broth for all 
tests to inactivate any residual hexachloro
phene in pHisoHex and iodine in Betadine 
respectively. Both the latter were used as 
test agents. 

Counts of Bacteria 

Measured loops ( .01 and .001 ml) were 
used to deliver and to spread samples of 
the undiluted and mixed broth rinse onto 
one half of each of 100 x 13-mm plates con
taining the following agar media: trypti
case soy with 5% defibrinated horse blood, 
mannitol salt, mitis salivarius with tellurite 
and MacConkey. In addition, 0.2 ml of the 
broth rinse was routinely spread on ~fac
Conkey and occasionally 0.1 ml on mitis 
salivarius agars. The plates were incubated 
for 24 to 48 hours at 35C with 5'.l carbon 
dioxide in air with the exception of manni
tol salt agar plates which were incubated 
in air. Total numbers of colony-forming 
units on the blood agar plates and the 
numbers comprising major morphological 
types were recorded; gram stains were used 
to categorize the types. The selective media 
were included to support presumptive 
identification of types or groups of bacteria 
and to act as a duplicate for assay of col
onies compnsmg a group. Organisms 
grouped as "staphylococci" might include 
other members of the micrococ~aciae. 
Coagulase tests were not routinely carried 
out with mannitol-fermenting staphylococci. 
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theroids were noted in three ( 7'1,) hut not 
as a majority organism. Yeast and Neisseria 
were infrequently found. Coliforms, present 
in 13 ( 29%) of the rinses, were obtained 
from the hands of nine ( 381) of the per
sonnel, one of whom carried them as pre
dominant organism on one occasion. In 
general the coliforms were lactose ferment
ers representing a minority of 3% or less of 
the population. 

Multiple sampling ( 3x to 5x) of three in
dividuals showed relative constancy of 
total numbers of colony-forming units 
( cfu ) , the greatest difference being a p
proximately tenfold. 

It should be noted that no attempt was 
made to identify less usual varieties of bac
teria with frequencies of 1% or less except 
for coliforms. 

Stability of Indigenous Bacteria. The 
data of Table I show no significant quali
tative nor quantitative difference in . the 
predominant bacteria removed from the 
hands of four randomly selected nurses 

who had washed with pHisoHex routinely 
for months before testing and then by re
quest shifted to routine use of coconut oil 
soap for a minimum of two weeks before 
retesting. Two weeks were considered more 
than adequate for the removal of any re
sidual hexachlorophene.3 One of the per
sons listed ( G) washed her hands sequen
tially ( three times) with pHisoHex after 
the initial broth rinse, with a broth rinse 
being obtained after each of the washes. 
Each wash was followed by water rinsing 
and drying with a paper towel. The same 
procedure was adopted for the soap experi
ment. The data show no significant differ
ence in total population nor proportion of 
staphylococci ( > 99%) with sequential 
washing with either agent: even the low 
proportion of streptococci was relatively 
constant. The other three nurses (Table I) 
used the same procedure after the soap ex
periment. No significant decline in in
digenous flora occurred. None of the nurses 
had handled a baby just prior to testing. 

. TABLE Ill 

COMPARISON OF FIVE HAND WAf>H AGENTS FOR EFFECT ON PATIENT-ACQUIRED 
BACTERIA, INFANT NURSE M AS SUBJECT 

cf u p,r ml in Broth Rinse 

Staph_,-lococci Streptococci Co/ijorms 

Wash Expai- Infant• 
A.gm/ mm/No. Contact Broth Rinse N o. t 

2 3 I 2 3 1 2 3 

pHisoHex l Soil ed 8 X l03 3 Xl0$ 2 X IQ$ I X IO• 2 X l0 3 

2 Soiled 1 X l0 4 4Xl 0 4 5X l0' 9Xl0' 3X l0 3 2x 10 2 

Betadine I Buttock 3 X 104 8 X 104 6 X 10' 8 X l0' 3 X l03 

2 Soiled l X l04 3 Xl04 5X l0 3 '2X IQ• : X IO' 20 I XIO' 

.-\icohol 
emulsion, I Soiled 8Xl02 IX 10' l X IO• 7 X l02 

7oc; 2 Buttock 5X IO• 2XJ Q$ 6XI04 l X IO• 5X IG' 4Xl03 ~ 

Soap I Buttock 8X l0 3 2 Xl04 6X l0' 7 X 10' :.! X 10' 
(Ivory; :! Buttock I X I 0 4 8 X JO• 2 X JO$ I XIO' 3 X l0 3 2X l0 3 2X l02 60 

Tap water I Buttock l X l0 3 2X l0 3 2X I0 3 2XIO' 20 

'L Buttock 7 X l03 2 X l04 2 X IO' I XI O' 2 Xl02 

• Soiled = changed diaper containing stool; buttock = pa tted buttocks of baby with clean d iaper. 
t Rinse I = before handling infant; rinse 2 =after handling; ri\ue 3=after wash with indicated agent. 

Blank space= organism not detected. 
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COMPARISON OF FIVE HAND WASH AGENTS FOR EFFECT ON PATIENT-ACQUIRED CouFORMS 

= ==============================--=-- ------
Colijorms pa ml in Broth 

Infant 
Nurst 

JI ·ash 
Agml 

E.rptri- Rinse No.• Inf ant Wash 
Agenl 

Exfmi
ment 

Colif orms pa ml in Broth 
Rinse No. 

mm/ ----------- Nurse 

pHisoHex 

Bctadine 

Alcohol 

I 
2 
I 
2 

S emulsion, 

C 

70% 2 

Soap 
(Ivory) 

Tap water 

pHisoHex 

Bctadine 

Alcohol 
<"lllulsion, 

1 
2 
I 
2 

2 

2 

10s;, 2 

Soap 
(Ivory) 

Tapwatt:"r 

I 
2 
I 
2 

1 x101t 
20 

2 3 

4Xl~ 
5XI~ 
2Xl~f 
3Xl~ 

3XI01 

1st 

NTt 2XIO> 75 
2X l01 I XIO' 

2x102 

2Xl02 

2X l04 2Xl01 

2Xl01 

10 I X 101 3 X 10' 
2x10• 

30 :1x 101 

20 2XI0' 5Xl02 

15 

20 

10 

3Xl03 

!lXI0' 2XIO' 

ma~§ 
3Xl~ 
3Xl~ 
3XI~ 

2x102 

45 
2x102 

F 

pHisoHex 

Bctadine 

Alcohol 
emulsion, 
70% 

Soap 
(Ivory) 

Tap water 

pHisoHex 

Bctadine 

A Alcohol 
emulsion, 
70';;, 

Soap 
(Ivory) 

Tap water 

I 
2 
I 
2 

2 

2 '.I 

6X l01 4X l01 

2XIO' 10 
85 20 

I Xl0 2 

IX102 7Xl0' 30 
2Xl0' 2XI03 

I 2XI02 2Xl03 80 
2 4XIO• 2Xl02 

I 2Xl0' 
2 2 X 106 6 X I 0 3 

I IXI05 10 
2 6XI0 2 1Xl0'6Xl0' 
I 4 X 102 I X 101 2 X 10' 
2 50 I XI03 5Xl03 

2 

I 
2 
I 
2 

5'.", 2Xl0' 2Xl0' 
NTf NTt NTt 

9 X I 0 2 6 X 102 2 X l02 

25 2X l02 15 
15 2 X IO' 

9XI02 4XIO' 3XIO' 

• Rinse I= before handling infant; rinse 2 = after handling; rinse 3 =after wash with indicated agent; 
t Cocco-bacillary (l\lima-Herellea Group?). 
t NT= not tested . 
§ Protew prt:"sent. 

Blank space =coliforms not detected. 

_y-..._-_! .... , . ..,..: ... Y::,:; ~~ ...... "">"~ 

Similarly, multiple ( five times) consecu
tive broth rinses of the hands of three 
nurses ( two using pHisoHex routinely; the 
other the soap for two weeks) showed a 
constancy in population density and pre
dominant organism. 

Effect of Hand Washing and the Broth Rinse 
Procedure on Patient-Acquired Bacteria 

The apparent constancy of resident Hora 
despite repeated washing facilitated obser
vations of bacteria acquired during the 

infant handling and of their removal by 
washing procedures. We chose changing a 
baby's stool-containing diaper or patting 
the buttocks of a baby with a clean diaper 
as the procedures for infant handling pri
marily because they offered optimum op
portunity for acquisition of coliforrns as an 
index of patient-acquired bacteria under 
natural circumstances. Secondarily, they 
might provide measurable increases in or
ganisms considered indigenous to the 
hands. The hands of three infant care 
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nurses were tested as follows ( Table II): 
before handling a baby ( broth rinse 1), 
after ha11dling a haby (rinse 2), after broth 
rinse 2 ( rinse 3), and after a routine quick 
wash with pHisoHex ( rinse 4). The data 
indicate that infant-acquired streptococci 
or coli forms ( broth rinse 2) were easily 
detected. Their proportion was not mark
edly decreased by the rinse procedure itself 
( rinse 3), but they were removed or greatly 
reduced by washing with pHisoHex ( rinse 
4). Evaluation of acquired staphylococci 
was limited by their high frequency before 
infant contact. 

Comparison of Five Wash Agents for 
Their Effectiveness in Removing 
Patient-Acquired Bacteria 

The procedure used was the same as that 
for the data of Table II but omitting broth 
rinse 3. Five infant nurses cooperated in a 
series of experiments intermittently cover
ing a period of many weeks. With one ex
ception, each wash agent was tested at least 
twice. pHisoHex was the daily routine hand 
,ivash substance used in the nurseries during 
this period. 

The results of two experiments with each 
agent for one of the nurses is shown in 
Table III. An acquisition of coliforms is 
man if est in all but the experiment ( soap 2) 
in which significant numbers were present 
before handling the baby. Streptococci 
were acquired in five experiments and were 
recovered initially in only one. Both the 
streptococci and coliforms were either 
eliminated or greatly reduced in number 
with all the wash agents. There was a ten
fold or greater increase of staphylococci in 
two of the tests which was not reduced by 
washing with the test agents. 

The data from the other four nurses are 
given in Table IV where, for simplification, 
only the bacilli are considered. Infant
acquired coliforms in broth rinse 2 are indi
cated for most of the experiments, with 
nurses S and C consistently showing elimi
nation or a tenfold or greater decrease after 

washing with any of the agents. Nurse A 
was unusual in the frequency with which 
coliforms were present before handling a 
baby and in the frequency ( five of nine 
tests) of no change in titer or even an in._ 
crease in coliforms after washing with the 
various agents. She was not an enthusiastic 
participant, but her wash procedures were 
monitored. 

For the purpose of these experiments, 
those tests in which there was no evidence 
of acquisition of coliforms were excluded 
when data from more than two experiments 
with a wash agent were available. Note
worthy is the observation that changing a 
stool-soiled diaper did not insure a measur
able pickup of coliforms. 

Plate Impression Technique 

Random sampling of the hands of eight 
nursery personnel by the plate impression 
method showed total cfu in the range of 
10 to 117 with one exception ( > 700). 
Streptococci were recovered in four samples 
and coliforms in two. As expected, staph
ylococci were the overwhelmingly predomi
nant organism. The hands of four nurses 
were also tested as in Tables III and IV 
using pHisoHex and Betadine as wash 
agents. Infant handling resulted in a 
marked increase in staphylococci in six and 
of streptococci in four of the eight experi
ments. Coliforms were acquired in three 
( two in palm only). However, after infant 
handling the plates were too crowded in 
six of the eight experiments to assess total 
numbers of cfu and proportions of groups 
of bacteria. Washing with either agent 
reduced total cfu and types of organism to 
the level present before infant contact. 

Three nurses were tested before and 
after sequentially . ( four times) washing 
their hands with pHisoHex. Staphylococci, 
the predominant organisms, remained rela
tively constant throughout all washes. One 
of the nurses carried gram-negative cocco
bacilli ( presumptive H erellea) which also 
were not washed away; colony counts, how
ever, were irregular. 
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Data from a limited number of imprint 
tests embracing many aspects of the broth 
rinse study were in support of our observa
tions and conclusions obtained with the 
broth rinse method. The simplicity and the 
clarity of colony counts obtained by the 
broth method led us to continue its use as 
the technique of choice. However, judg
ment of an increase in staphylococci with 
infant handling followed by a decrease 
with washing may be easier to assess with 
the imprint method. 

DISCUSSION 

The data of Tables III and IV show that 
infant-acquired bacteria are removed from 
the hands or their numbers greatly reduced 
by the quick perfunctory wash actually 
used in an active nursery, and that, under 
this condition the wash agent used appears 
to be of no real significance. Colifornts, for 
instance, were clearly acquired from in
fants in 44 ( 90%) of the 49 experiments and 
wash procedures using any agent reduced 
their number by 90% or greater in 41 (93%) 
of this total. We hold no brief for minimal 
hand washing: our object was to examine 
the efficacy of the existing wash procedure. 
It is reassuring to have data showing that 
our constant emphasis on the sanctity of 
the hand washing gesture is justified. 

It is not surprising that the agent used 
is not significant with a hasty hand wash. 
The agent is in contact with the hands for 
only a few seconds and even rapidly bac
tericidal substances require time ( in sec
onds) to act. It seems likely that recently 
acquired organisms are removed from the 
hands by the mechanical abrasive action of 
rubbing, rinsing, and drying on a paper
towel rather than killed by a special hand 
wash preparation. 

These findings augment observations of 
others operating usually under more spe
cific circumstances. Mortimer et al. 4 re
ported that hands of personnel play a major 
and possibly the most important role in the 
nursery transmission of Staphylococcus 

aurcus. They suggest that the effectiveness 
of scrubbing may not be dependent on the 
preparatiof\ used hut may simply reflect 
the ·physic.\} action of scrubbing or washing 
plus the removal of organisms by rinsing. 
The data of Lowbury et al.,3 while collected 
under complex and highly artificial circum
stances ( pretreatment with alcohol, inocu
lation of })ands with large numbers of test 
organisms), is basically compatible with 
ours in showing efficiency of washing and 
lack of significance of washing agent used 
in removing "transient" organisms. In ad
dition, several groups6

• 
7 have shown that 

washing with hexachlorophene-containing 
agents or soap during a period of weeks 
makes no significant difference quantita
tively or qualitatively in the bacterial flora 
which can be removed from the hands. 

The point we wish to make is that even 
a hasty hand wash with any wash agent is 
effective in removing significant quantities 
of acquired bacteria from the hands and, 
therefore, should be a rigidly enforced part 
of the patient care routine after and bdore 
every patient contact. It should be noted 
that we do not claim removal of all ac
quired organisms with each hand wash, 
but only that significant reduction occurs 
in most instances. The phrase "significant 
reduction" may explain the difference be
tween our findings and those of Eisenach 
et al. 2 who found hand washing ineffective 
in removing resistant coliforms from the 
hands of personnel in their intensive 
care unit. 

REFERENCES 
1. Mortimer, E. A., Lipsitz, P. J., Wolinsky, E., 

Gonzaga, A. J., and Rammelkamp, C. H.: 
Transmission of staphylococci between new
borns. Importance of hands of · personnel. 
Amer. J. Dis. Child., 104 :289, 1962. 

2. Eisenach, K. D. , Reber, R. M., Eitzman, D. V., 
and Baer, H.: Nosocomial infections due to 
kanamycin-resistant, [R]-factor carrying en
teric organisms in an intensive care nursery. 
Pediatrics, 50:395, 1972. 

3. Compeau, G. M.: The adsorption of dodecylben
zenesulfonate and hexachlorophene on the 
skin. J. Amer. Phann. Assoc., Sci. Ed., 49 : 
574, 1960. 



PREPARATION OF MOTHER - HOME CARE, INSERVICE PROGRAMS 

L - - - - ·- - - - J- - - - - - -
• -

-



r 

I 

r I 

11 

11 

11 

11 

11 

I.I 

11 

11 

11 

I J 

11 

IJ 
11 

1J 

20. PREPARATION OF THE MOTHER FOR HOME CARE a The hospital and its 

medica.l staff have the responsibility and opportunity to help parents become 

familiar with their infant and his care. The Jilysician responsible for the 

infant's care should keep the mother informed of her infant's condition 

during their hospitalization, 

Mothers should be encouraged to 18,rticipa.te in the care of their own 

infant, even is the infant is in an incubator, The mother's care of the 

infant should be supervised by a trained and understanding nurse. 

Instructions on infant care is the combined responsibility of the medical 

and nursing staff, who must agree on the content and method of teaching. Space 

and equipment should be provided in the hospital for the educational program. 

Instruction may be given individually and/or in small groups1 but, it must be 

of a nature which will preclude any authoritarian, moralistic, or judgmental 

attitudes and be flelible enough to allow the mother to handle her infant with 

ease and understanding. The nature of a warm approach may be best carried out 

at the mother's bedside. However, formula preparation and infant bathing 

instructions are best carried out in a small group in areas designated for 

these purposes. 

A well-prepared nurse should be specifically assigned to give individual 

and group instruction. She should be carefully selected, and consideration 

should be given to her interests, capa.bili ties, training,, and experience. 

Care should be taken so no conflict arises between the instructions 

given in the hospital and those given by her private plysicians and community 

agencies, 

Casual, discussion-type instruction should start early, preferably during 

the prenatal period between the mother and her P'lYSician. Much professional 
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