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Umbilical vs Peripheral Vein Catheterization for
Parenteral Nutrition in Sick Premature Neonates
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The efficacy and safety of using umbilical venous catheters vs. peripheral venous catheters for the delivery
of parenteral nutrition was studied in 129 critically ill premature infants who were treated in a neonatal in-
tensive care unit for the first 3 weeks of life. Infants who received parenteral nutrition by umbilical venous
catheter had greater parenteral caloric intake, lower physiologic weight loss and greater weight gain during
the study as compared to infants who received parenteral nutrition by peripheral vein. While the overall in-
cidence of sepsis was comparable in both groups (19% vs 19.7%), benign and transient episodes of
hyperglycemia were seen more commonly in infants receiving parenteral nutrition by umbilical catheters.
None of the hyperglycemic infants, however, required insulin therapy. The incidence of other metabolic
complication was comparable in both groups. At follow up, no evidence of portal hypertension was detect-
ed in any of the infants up to 66 months of age treated with umbilical venous catheters. We conclude that
the use of umbilical venous catheter allows for a comparably safe and a more appropriate parenteral nutri-
tion support than peripheral catheters in critically ill premature neonates.
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Parenteral nutrition is routinely administered to
sick neonates until enteral feedings can soley pro-
vide appropriate nutritional support. Parenteral nu-
trition can be delivered by central or peripheral
vein catheters depending on the patients’ venous
accessibility, caloric requirement and expected du-
ration of therapy (Pereira and Ziegler 1989). In the
neonatal period, the umbilical vein can be easily
cannulated at the bedside and used as a durable
and reliable conduit for the delivery of parenteral
nutrition solution of high caloric density. However,
it is generally believed that the use of umbilical ve-
nous catheter can be associated with a high risk of
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thrombosis, especially. if the catheter is placed in
the portal or hepatic vein or if hyperosmolar solu-
tions are rapidly infused through the catheter (Sch-
midt and Zipursky 1984). At the present time, the
risk of using umbilical vein catheters which are
placed above the diaphragm and used for continu-
ous delivery of parenteral nutrition solution is not
known.

The purpose of this study is to compare the effi-
cacy and the safety of using either umbilical or pe-
ripheral venous catheters for the delivery of paren-
teral nutrition to critically ill premature infants.

MATERIAL AND METHODS

We studied retrospectively 129 premature infants
admitted to the Infant Intensive Care Unit at Chil-
dren’s Hospital of Philadelphia from September
1984 to August 1987. All infants were critically ill,
receiving mechanical ventilation for the treatment

Volume 33



Umbilical vs Peripheral Vein Catheterization for Nutrition in Neonates

Table 1. Clinical characteristics of infants receiving parenteral nutrition by umbilical vein (UV) and peripher vein (PV)

catheters - ? L mdin
UV group PV group -
(n=63) (n=66) _ e
Birth weight (g) 1254 £605 1370+418 NS 3
Head Circumference (cm) 26.2+3.7 26.7+2.5 + NS -
Length (cm) 36.7+8 37.8+7.2 NS
Gestation age (wk) 29.1+4.5 30.1+£2.7 NS
Sex, male/female 37/26 35/31 NS
Duration of mechanical
ventilation (days) 32.8+28.2 18.5+£23.1 p<0.005
Age of initiation of '
enteral feeding (days) 16.5+8.2 11.2+4.9 p<0.005

Values are mean5SD.
NS, not significant

of respiratory distress syndrome. Clinical character-
istics of these infants are presented in Table 1. Par-
enteral nutrition was started in all patients by the
third day of of life either by umbilical vein catheter
(n=63) or by peripheral vein catheter(n=66). Deci-
sions to place an umbilical vein catheter were made
by the physician caring for these infants based on
the severity of illness, the anticipated duration of
parenteral nutrition therapy(greater than 1-2 weeks)
and on patients’ poor venous accessibility. Paren-
teral nutrition by peripheral vein was utilized in all
other infnats and also in those selected for umbilical
venous catheterization in whom the tip of the cath-
eter could not be advanced and placed at the junc-
tion of the inferior vena cava and right atrium; in all
of these patietns, the umbilical vein catheter was
removed. The duration of parenteral nutrition, the
time of initiation of enteral feeding and the rate of
feeding advancement were also decided by the
physicians caring for these premature infants and
not by our group of investigators.

The umbilical vein catheters were inserted under
aseptic conditions, and the length of the catheter
inserted corresponded to the distance between the
shoulder and the umbilicus added to the length of
the umbilical stump; this distance has been shown
to make possible the placing of the tip of the um-
bilical vein catheter above the diaphragm(Dunn
1966). In all instances the location of the catheter
tip was documented radiologically prior to the initi-

ation of parenteral nutrition, and then the catheter -

was sutured to the umbilical stump to prevent dis-
placement. The umbilical stump was kept uncov-
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Table 2. Composition of stanard pareht_eral nutrition
solution per 500 ml o

Protein 'solution 1.5/2/2.5/3/3.5

Protein® 10 (PV), 15/20 (UV) .
Dextrose® ) 20 . :
Na (mEq) v 10

K (mEq) ' 23

Cl (mEq) 300 &
Ca (mg) 7 ’
Phos (mEq) ) 2

Mg (mEq) 2500

Zn (mcg) 300

Cu (mcg) 0.85

Cr (mcg) 25

Mn (mcg) 15

Se (mcg) 40

1 {(mcg) 0.5¢

Fe (mg) 500

Heparin (u)

*Available standard protein concentration (g/100 ml)
®Available standard dextrose concentrations (g/100 ml)
“Iron is added for all infants, including premature in-
fants, after 4 weeks of life.

PV, peripheral vein, UV, umbilical vein

ered and dry. Application of povidone iodine solu-
tion to the umbilical stump at the site of entry of
the catheter was routinely performed three times
daily by the nursing staff. The peripheral vein cath-
eters were inserted by the house staff or the intra-
venous therapy team and replaced at 2 to 3 day in-
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tervals. The umbilical vein and peripheral vein cath-
eters were used solely for the administration of par-
enteral nutrition solutions. All parenteral nutrition
solutions were delivered by constant infusion
pumps, and all tubings were changed every 24
hours. All infants received parenteral nutrition solu-
tions with an initial dextrose concentration of 10%.
The dextrose concentration was increased to 15%
and to 20% in infants with umbilical vein catheters
ant it was maintained at 10% in infants with periph-
eral catheters. The composition of the solutions
used for parenteral nutrition are presented in Table
2.

Enteral feedings were started and advanced ac-
cording to the infants’ clinical status and tolerance.
Enteral feeding included own mother’s human milk,
and premature infant formula(Special care, Ross
Lab). All feedings were initially delivered by con-
tinously or intermittent gavage through nasogastric
tubes. Parenteral nutrition was discontinued when
enteral feedings provided a minimum of 85 Kcal/kg
/day. ; ;

Data collected from each patient included: daily
weights, weekly length and head circumferences,
and daily intakes of calories, dextrose, amino acids,
and fat emulsion. Dextrostix were done three times
daily, and blood glucose determination was ob-
tained whenever dextrostix values ranged from 120
to 180 mg/dL or above. Hyperglycemia was de-
fined as a blood glucose determination above

150 mg/dL. Serum triglyceride were measured
weekly and hypertriglyceridemia was defined as
serum triglyceride greater than 250 mg/dL. All
infnats were also observed for clinical signs of sep-
sis and necrotizing enterocolitis. The critieria to de-
fine sepsis included the presence of suggestive clin-
ical and laboratory findings documented by one or
more positive blood cultures obtained from periph-
eral veins. The criteria to define catheter related
sepsis include: 1) The above described criteria, 2)
The presence of positive blood culture drawn
through the catheter, and 3) the absence of any
documented focus of infection. Necrotizing entero-
colitis was defined by the presence of 1) clinical
signs of bloody stool, abdominal distension, feeding
intolerance and 2) radiological sign of pneumatosis
intestinalis, pneumoperitoneum, and portal vein air.

Data obtained from patients receiving parenteral
nutrition by umbilical vein and peripheral vein cath-
eters were compared by chi square analysis and
Student’s t-test. A p value of less than 0.05 was
considered statistically significant.

RESULTS

Of the 129 infants studied, 63 received parenter-
al nutrition by umbilical vein catheters and 66 by
peripheral vein catheters. As shown in Table 1,

Table 3. Parenteral, enteral, and total caloric intakes in infants receiving parenteral nutrition by umbilical vein (UV)

and by periperal vein (PV) catheters

Ist wk
(UV, n=63 PV, n=66)

2nd wk 3rd wk
(UV, n=40 PV, n=48) (UV, n=16 PV, n=16)

Parenteral uv 61.9+£15.3 77.0x23.6 72.0+30.0
Caloric intake
(Kcal/kg/d) PV 50.1+15.9 58.9+29.3 50.9+34.2
p<0.0005 p<0.001 p<0.05
Enteral uv 1.8+5.8 5.3+10.3 17.2+19.8
Caloric intake
(Kcal/kg/d) PV 9.8+16.2 32.1£30.5 59.6+£68.1
p<0.0005 p<0.0005 p<0.01
Total uv 63.8+16.0 82.2£20.2 89.2+30.8
Caloric intake ‘
(Kcal/kg/d) PV 58.9+20.6 88.4+32.3 110.5+48.8
NS NS NS

Values are mean+SD
NS, not significant
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there were no significant differences in birth weight,
head circumference, length, gestational age, and
sex ratio between the 2 groups. The duration of
mechanical ventilation was significantly longer in
the umbilical catheter group than in the peripheral
catheter group(32.8+28.2 vs 18.5+£23.1 days, p<
0.005). Infants receiving parenteral nutrition by um-
bilical vein catheter were started on enteral feed-
ings at a greater postnatal age than those receiving
parenteral nutrition by peripheral vein(16.5+8.2 vs
11.2+4.9 days).

Table 3 displays the mean caloric inatkes of in-
fants receiving parenteral nutrition by umbilical and
peripheral veins during the 3 weeks of the, study.
Infants receiving parenteral nutrition by umbilical
vein had a greater parenteral caloric intake during
the whole study as compared to infants in the pe-
ripheral catheter group. However, infants who re-
ceived parenteral nutrition by peripheral vein had a
significantly greater enteral intake during the
3weeks of the study. The total caloric intake(paren-
teral and enteral) between the two groups was
comparable during the study.

Table 4 displays parenteral intakes of dextrose,
amino aicds, and fat emulsion of the two study
groups. Infants receiving parenteral nutrition by um-
bilical vein had a greater parenteral intake of dex-
trose during the three weeks of the study period
and a greater intake of amino acids and fat emul-
sion during the second and the third week of the

study.

Table 5 shows changes in weight, length and
head circumference in the two group of infants dur-
ing the study. Infants who received parenteral nutri-
tion by umbilical vein had a lower per cent of
weight loss during the first week and a greater per
cent of weight gain during the second and third
week of the study as compared to infants who re-
ceived parenteral nutrition by peripheral vein.
There were no significant differences in weekly
changes in length or head circumference between
the two groups during the study period.

The complications of parenteral nutrition ob-
served in the two groups of infants are presented in
table 6. Sepsis occured in a comparable number of
patients from each group(19.7% vs 19%, NS). The
incidence of sepsis was noted to increase with the
duration of parenteral nutrition during the three
weeks of the study: it increased from 8% during
the first week, to 10% during the second week,
and to 19% during the third week in the umbilical
vein group, and it increased from 3% during the
first week, to 15% during the second week, to 25%
during the third week in the peripheral vein group.
Primary catheter sepsis was observed in 2 patients
in the umbilical vein group at 2 and 4 days after ini-
tiation of parenteral nutrition. Staphylococcus
epidermidis was the most common organism caus-
ing sepsis in the two groups (19/25 instances).
Other organisms causing sepsis on a single instance

Table 4. Parenteral caloric intake from dextrose, amino acids and fat emulsion in infant receiving parenteral nutrition
by umbilical vein (UV) and peripheral vein (PV) catheters during the 3 weeks of the study

1st wk
(UV, n=63 PV, n=66)

2nd wk 3rd wk
(UV, n=40 PV, n=48) (UV, n=16 PV, n=16)

Dextrose

(mg/kg/min) uv 7.3+23 8.9+4 7.8+5.1
PV 5.8+1.7 6.0+2.8 4.8+3.1
p<0.0005 p<0.00005 p<0.05

Amino acids
(g/kg/d) Y 1.7+0.5 2.4+0.7 2.4+1.1
PV 1.6+1.2 2.0+£0.9 1.7+1.2
NS p<0.025 p<0.05

Fat emulsion
(g/kg/d) uv - 1.3£0.6 2.0+0.8 22407
PV 1.31+0.7 1.6+0.9 1.5x1.1
NS p<0.025 p<0.05

Values are mean+SD.
NS, not significant
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Table 5. Percent changes in Weight, Length, and Head circumference in infants in the umbilical vein (UV) and peripher-

al vein (PV) catheters during the 3 weeks of the study

1st wk
(UV, n=63 PV, n=66)

2nd wk 3rd wk
(UV, n=40 PV, n=48) (UV, n=16 PV, n=16)

% change in . uv 0.01+£11.6 5.2+12.1 14.41+13.5
weight PV -5.2+8.0 -0.7£10.1 6.4+x11.4
p<0.005 p<0.01 p<0.05

% change in uv 1.3+2.7 3.2+4.8 19£1.7

length PV 1.0+2.3 2.1+£25 5.3x4.9:
NS NS NS

% change in uv 0.5%£24 2.0£3.5 5.3+£5.9

head :

circumference PV ~0.3+£3.3 1.6+4.8 4.9+6.3
NS NS NS

Values are mean+SD.
NS, not significant

Table 6. Complications of parenteral nutrition in infants
receiving parenteral nutrition by umbilical vein
(UV) and peripheral vein (PV) catheters

uv PV

group  group
(n=63) (n=66)

Sepsis(%) 19 19.7 NS
Hyperglycemia (%) 30 9 p<0.05
Hypertriglyceridemia (%) = 3.2 0 NS

Necrotizing enterocolitis (%)  10.6 4.8 NS

NS, not significant

included: Candida albicans, Streptococcus species,
Enterobacter species, Acinetobacter species, Klebsi-
ella species and Pseudomonas species. Transient
hyperglycemia occured more frequently in infants
receiving parenteral nutrition by umbilical vein cath-
eters and required a temporary reduction in either
the rate or the concentration of dextrose infused;
none of the affected infants required insulin thera-
py. There were no significant difference in the inci-
dence of hypertriglyceridemia or necrotizing en-
terocolitis between the two study groups.

Follow up data was evaluated for the 63 infants
in the umbilical catheter group. 15 infants expired
during the neonatal period from complications un-
related to parenteral nutrition. Of the 48 survivors,
9 were lost to follow up and 39 were followed for a
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mean of 27.8+16 months(range 4-66 months).
None of these infants had any symptoms or signs of
portal hypertension such as abdominal distension,
ascites, splenomegaly or gastrointestinal bleeding.
Hepatomegaly was observed in 3 asymptomatic in-
fants. An autopsy was performed on 6 of the 15 in-
fants who expired. In one of those patients several
fibrin thrombi were detected in the liver and lung,
and in another patient a mural thrombi was noted
in the left atrial septal wall. These thrombi were un-
expected autopsy findings which caused no signifi-
cant venous obstruction or any other sympto-
matology to the patients.

DISCUSSION

The catheterization of the umbilical vein in neo-
nates has several advantages over the catheteriza-
tion of the peripheral vein including the ease with
which the umbilical vein can be cannulated, the
minimum time and handling of patients required to
perform this procedure, and the reliability and du-
rability of the catheter as a conduit for intravenous
therapy (Balagtas et al. 1971). In addition, if the tip
of the umbilical vein catheter is placed at the junc-
tion of the inferior vena cava and right atrium it can
be used as a central line for the delivery of paren-
teral nutrition solutions of high caloric density. Par-
enteral nutrition solutions for peripheral catheteriza-
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tion contain dextrose at a maximal concentration of
10% to prevent the occurence of skin sloughs
which may result from infiltration of hypertonic so-
lution into the subcutaneous tissue. Even with the
additional use of fat emulsion, peripheral nutrition
solutions provide a maximum intake of 80 to
90 Kcal/kg/day. Therefore, when the neonate re-
quire a caloric intake greater than 90 kcal/kg/day,
the delivery of parenteral nutrition solution by a
central rather than a peripheral line should be con-
sidered (Pereira and Ziegler 1989). Other indica-
tions for the use of central lines for parenteral nutri-
tion include patients who have poor peripheral ve-
nous access or those who are anticipated .to need
longterm parenteral support. 4

In our study there were no significant differences
between the birth weight or gestational age of in-
fants who received parenteral nutrition by umbilical
or by peripheral veins. However, the duration of
mechanical ventilation and the age of initiation of
enteral feeding in infant receiving parenteral nutri-
tion by umbilical vein were greater than in those
who received parenteral nutrition by peripheral
vein. These findings indicate that infants who re-
ceived parenteral nutrition by umbilical vein were
sicker than those who received parenteral nutrition
by peripheral vein. Since infants in our study were
not randomly assigned to the treated with either
umbilical or peripheral venous catheters, we con-
cluded that the severity of illness was a singnificant
factor which influenced the physician to use the
umbilical venous catheters for nutritional support.

Our study also shows that the parenteral caloric
intake provided to infants in the umbilical vein
group was greater than that provided to infants in
the peripheral vein group during the 3 weeks.of the
study. However, because of the greater enteral in-
take observed in infants receiving parenteral nutri-
tion by petipheral vein,-the mean total caloric in-
takes in both groups were comparable. We con-
cluded that the presence of the umbilical vein cath-
eter allowed for the provision of appropriate nutri-
tional support to sicker infants in whom the initia-
tion and advancement of enteral feedings were de-
layed.

The main goal of parenteral nutrition in neonates
is to provide adequate nutritional support to main-
tain postnatal growth (Adamkin 1986). It was inter-
esting to observe that despite comparable total en-
ergy intake (enteral plus parenteral), infants who re-
ceived parenteral nutrition by umbilical vein re-
gained birth weight within one week of the study
while infants who received. parenteral nutrition by
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peripheral vein had not regained birth weight: until
the second week of the study. Additionally, differ-
ences in weight gain between the two groups were
noted until the third week of the study. This data
indicates that lower energy requirements are need-
ed during parenteral nutrition, as compared to en-
teral nutrition possibly because during parenteral
nutrition energy is neither utilized for intestinal di-
gestion and absorption (specific dynamic action) nor
lost in the stools of premature infants.

Sepsis associated with umbilical vein catheteriza-
tion has been described by Scott (1965) who re-
ported septic emboli to the liver and lung in the au-
topsies of 20% of infants with umbilical vein cathe-
ters. Balagtas et al. (1972) reported a sepsis rate of
8% in newborns treated with umbilical vein cathe-
ters whose mean birth weight greater than 2,400
gm. Bryan et al.(1973) reported a 17% sepsis rate in
low birth weight infants (<1,300 gm) who received
parenteral nutrition via umbilical vein catheters for
the first five days after bith and then by peripheral
vein catheters. The rate of sepsis associated with
the use of peripheral vein catheters for parenteral
nutrition ranges from 0 to 10% in children and
adults (Tager et al. 1983, Ziegler et al. 1980). Our
study showed that the rates of sepsis associated
with peripheral vein catheterization and umbilical
vein catheterization were higher than those of older
children but comparable to other reports including
low birth weight neonates. Although sepsis was as-
sociated with umbilical catheterization in two of our
patients, it is difficult to exclude the contribution of
other predisposing factors such as the umbilical
arterial catheters, endotracheal tubes and invasive
monitoring device. The high incidence of sepsis in
our study population may well be related to their
very low birth weight and gestational age, and the
associated immaturity of their immune system
(Grisoni et al. 1986). Similarly to recent reports
(Ziegler et al. 1980; Grisoni et al. 1986), Staphylo-
coccus epidermidis was the most frequent organism
causing sepsis in our patients. Candida septicemia
occured in one of our patients without the devel-
opment of mural thrombi or valvular endocardltls
(Nagwell and Marchildon 1989; Johnson ‘et al.
1981). Our data also show that the increased dura-
tion of parenteral nutrition was associated with a
greater incidence of infection in both groups of in-
fants, as been previously reported (Filler et al.
1975).

Thrombosis is a serious complication associated
with the catheterization of the umbilical vein which
has been reported in 20 to 65% of autopsies
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[V

(Symansky and Fox 1972; Scott 1965). Past studies
showed that the sequelae of thrombosis associated
with. catheterization of the umbilical vein include
portal hypertension (Oski et al. 1963), splenic vein
thrombosis (Vos et. al. 1974), hepatic necrosis
(Wigger et al. 1970) and pulmonary embolism
(Sanerkin et al. 1966). However, a review of these
studies clearly indicates the presence of 2 con-
founding variables, each of which increases the risk
" of thrombosis. The first is the placement of the um-
bilical venous catheter in either the portal or the
hepatic: vein and the second is the infusion of
hyperosmolar solutions. In two of these previous
studies all cases of thrombosis and hepatic necrosis
were related to umbilical catheters which had not
been placed beyond the ductus venosus (Wied-
esberg and Pawlowski 1979; Wigger et al. 1970). In
addition, all cases of portal vein thrombosis in one
of these studies were noted only in patients who
received rapid injection of either sodium: bicarbon-
ate or 50% dextrose solutions through the catheter
(Wigger et al. 1970). In most of these reports,
radiological documentation of the position of the
umbilical - venous catheter was not routinely ob-
tained. Therefore, it can be. argued that the inci-
dence of thrombosis associated with umbilical vein
catheterization is either reduced or eliminated if the
tip of the catheter is positioned above the dia-
phragm and the delivery of parenteral nutrition so-
lutions provided by slow and continuous infusions.
Our data showed no evidence of portal vein throm-
bosis or hypertension in either the postmortem ex-
aminations of infants who expired in the newborn
period or in follow up of the survivors up to 66
months of age.

The most common metabolic complication of
parenteral nutrition in neonates is hyperglycemia
(James et al. 1979). The incidence of hyperglycemia
was higher in infants in the umbilical vein group
who were treated with higher dextrose concentra-
tions, but in no instance did it impose any difficulty
for the clinical management of these patients. Hy-
pertriglyceridemia occured at low frequency in the
two groups, possibly due to the prolonged period
administration of fat infusion (Spear et al. 1988).

In summary, these study indicated that the cathe-
terization of umbilical vein for parenteral nutrition is
an easy and effective method to provide nutritional
support to sick neonates. With appropriate place-
ment and management of the umbilical venous
catheter, it seems that the greater nutritional bene-
fits outweigh the complications as compared to the
use of parenteral nutrition by peripheral veins.

230

REFERENCES

Adamkin DH: Nutrition in very very low birth weight in-
fants. Clin Perinatol 13: 419-443, 1986

Balagtas RC, Bell CE, Edwards LD, et al. : Risk of local
and systemic infection associated with umbilical vein
catheterization; a prospective study in 86 newborn
patients. Pediatr 48: 359, 1971

Bryan MH, Wei P, Hamilton JP et al. : Supplemental in-
travenous administration in low birth weight infants.
| Pediatr 82: 940-944, 1973

Bagwell CE, Marchildon MB: Mural thrombi in children,
Potentially lethal complication of central venous
hyperalimentation. Crit Care Med 17: 295-296, 1989

Dunn PM: Localization of the umbilical catheter by post-
mortem measurement. Arch Dis Child 41: 69-75,
1966

Filler RM, Eraklis AJ, Das JB: IN Parenteral nutrition-prem-
ises and promises, Ghadimi H(ed), John Wiley &
Sons, New York, 1975, 445-482

Grisoni ER, Mehta SK. Connors AF: Thrombosis and in-
fection complicating central venous catheterization
in neonates. J Pediatr Surg 21: 772-776, 1986

James T Ill, Blesa M, Boggs TR Jr: Recurrent hyper-gly-
cemia associated with sepsis in a neonate. Am / Dis
Child 133: 645-646, 1979

Johnson DE, Bass JL, Thompson TR et al.: Candida
septisemia and right atrial mass secondary to umbili-
cal vein catheterization. Am J Dis Child 135: 275-
277, 1981

Oski FA, Allen DM, Diamond LK: Portal hypertension. A
complication of umbilical vein catheterization.
Pediatr 31: 297-302, 1963

Pereira GR, Ziegler MM: Nutritional care of the surgical
neonate. Clin Perinatol 16: 233-253, 1989

Sanerkin NG, Edwards P, Jacobs J: Pulmonary thrombo-
embolic phenomenon in the newborn. j Pathol
Bacteriol 91: 569-574, 1966

Schmidt B, Zipursky A: Thrombotic disease in newborn
infants. Clin Perinatol 11: 461-488, 1984

Scott JM: latrogenic lesion in babies following umbilical
vein catheterization. Arch Dis Child 40: 426-429,
1965

Spear ML, Stahl GE, Hamosh M et al. : Effect of heparin
dose and infusion rate on lipid clearance and biliru-
bin binding in premature infants receiving intrave-
nous fat emulsions. J Pediatr 112: 94-98, 1988

Symansky MR, Fox HA: Umbilical vessel catheterization;
Indication, management, and evaluation of the tech-
nique. / Pediatr 80: 820-826, 1972

Tager IB, Ginsberg MB, Ellis SE et al. : An epidemiologic
study of the risks associated with peripheral intrave-
nous catheters. Am ] Epidemiol 118: 839-850, 1983

Wiedesberg H, Pawlawski P: Anemic necrosis of the

Volume 33



Umbilical vs Peripheral Vein Catheterization for Nutrition in Neonates

liver after umbilical vein catheterization. Helv
Paediatr Acta 34: 53-62, 1979

Wigger Hj, Bransilver BR, Blanc WA: Thromboses due
to catheterization in infants and children. / Pediatr
76: 1-11, 1970

Vos LGM, Potocky V, Broker FHL et al. : Splenic thorm-

bosis with esophageal varices. A late complication of
umbilical vein catheterization. Ann Surg 180: 152-

156, 1974

Ziegler M, Jakowski D, Hoelzer D et al. : Route of pedi-
atric parenteral nutrition: Proposed criteria revision. /

Pediatr Surg 15: 472-476, 1980.

Number 3

231



