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Phentolamine and B vitamins for feeding intolerance in

late preterm infants: a randomised trial
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Background and Objectives: Feeding intolerance (FI) is a common problem in late preterm infants (34 weeks <
gestational age < 37 weeks). This study aimed to evaluate the efficacy and safety of phentolamine combined with
B vitamins in treating FI in late preterm infants and to explore its effects on gastrointestinal symptoms, inflamma-
tion and complications. Methods and Study Design: We randomly assigned 118 late preterm infants with Fl to a
treatment group (n = 56) or a control group (n = 62). The treatment group received intravenous phentolamine and
intramuscular B vitamins, whereas the control group received basic treatment only. We measured the time of dis-
appearance of gastrointestinal symptoms, the time of basal attainment, the time of hospitalisation, the incidence
of complications, the concentrations of inflammatory markers and the overall effective rate of treatment. Results:
The treatment group had a shorter duration of gastrointestinal symptoms than did the control group (p < 0.01).
The treatment group also had lower concentrations of inflammatory markers and a higher overall effective rate
than did the control group (p < 0.05). There was no difference between the two groups in the time of hospitalisa-
tion, basal attainment, weight recovery and the incidence of complications (p > 0.05). Conclusions: Phentola-
mine and B vitamins can reduce gastrointestinal symptoms and inflammation in late preterm infants with FI but

do not affect the occurrence of complications.
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INTRODUCTION

Feeding intolerance (FI) is a group of clinical syndromes
characterised by intolerance to enteral nutrition caused by
gastrointestinal dysfunction in neonates. The incidence of
Fl is as high as 7.9% in full-term infants, 25% in prema-
ture infants with a body weight >2,500 g, 50% in prema-
ture infants with a body weight of 2,001-2,500 g and over
70% in very low birth-weight infants.>? Feeding intoler-
ance can prevent infants from meeting the optimal nutri-
tional criteria and increase the length of hospitalisation.
Meanwhile, studies show that FI is closely associated
with other neonatal diseases and may continue to develop
into life-threatening necrotising enterocolitis (NEC) and
late-onset sepsis (LOS) that reduce the survival rate of
infants.>> Some studies also report that Fl can cause de-
layed psychological development in infants.6 Therefore,
exploring the treatment strategy of FI in premature infants
is of great significance. Clinical observations indicate that
late premature infants with gestational ages >34 weeks
suffering from FI are not rare. Given a larger gestational
age or weight, FI in this group of infants can easily be
ignored. However, Fl in late preterm infants can also have
adverse effects on their growth and development, such as
increased risk of infection, hyperbilirubinaemia and neu-
rodevelopmental impairment.? For the above reasons, it is
necessary to further summarise the treatment plan for Fl
in late preterm infants. The treatment of FI is mainly sup-

portive, such as gastric lavage, temporary fasting, nutri-
tional support and abdominal massage.”® However, these
measures may not be sufficient to relieve the symptoms
and improve the outcomes of Fl. Therefore, there is a
need for more effective and safe interventions for Fl in
late preterm infants. Some traditional treatment drugs for
FI include prokinetic agents, such as metoclopramide and
erythromycin, antacids, such as ranitidine and omeprazole
and probiotics, such as Lactobacillus and Bifidobacte-
rium. However, these drugs have some disadvantages or
drawbacks, such as adverse effects, limited efficacy and
lack of evidence.®!® For example, metoclopramide can
cause extrapyramidal symptoms, erythromycin can in-
duce bacterial resistance, ranitidine and omeprazole can
increase the risk of infections and probiotics can have
variable quality and safety.®® Therefore, there is a need
for alternative treatment options for Fl in late preterm
infants. In this study, we adopted a combination therapy
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with phentolamine and B vitamins to treat FI in late pre-
term infants, resulting in good clinical outcomes. Phen-
tolamine is an alpha-adrenergic blocker that can improve
intestinal blood flow and motility by reducing the vaso-
constrictive effect of norepinephrine. B vitamins are es-
sential for maintaining normal nervous system function
and can enhance vagus nerve activity, which regulates
gastric emptying and intestinal peristalsis. We hypothe-
sised that phentolamine and B vitamins could have syner-
gistic effects on improving the gastrointestinal function
and reducing the inflammation in FI and thus enhance the
efficacy and safety of the treatment. In this study, we
aimed to assess the efficacy and safety of phentolamine
and B vitamins for treating FI in late preterm infants.

METHODS

General data

A total of 118 cases of late premature infants aged <1.0
day and diagnosed with FI that were admitted to the neo-
natology department between January 2018 and July 2022
were selected. The infants were divided into the treatment
group and control group using a random number table.
The two groups, containing 56 and 62 cases, respectively,
had no statistically significant differences (p > 0.05) in
sex, gestational age, weight and method of delivery be-
fore treatment, as shown in Table 1. This study was ap-
proved by the Ethics Committee of Baoding First Central
Hospital (Approval No.: K[2018] 070). We used a web-
based randomization system to generate and conceal the
allocation sequence, which was only accessible to an in-
dependent statistician. The treatment and control groups
received identical-looking injections of phentolamine and
B vitamins or placebo, respectively. The investigators,
study staff, and participants were blinded to the group
assignments throughout the study. The blinding was
maintained until the data analysis was completed.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) The infants met
at least one of the criteria specified by the Clinical Guide-
lines for the Diagnosis and Treatment of Feeding Intoler-
ance in Preterm Infants (2020),** namely (i) the gastric
residual volume exceeded 50% of the previous feeding
amount, with vomiting and/or bloating or (ii) there was a
failure of the feeding plan, including reduced, delayed or
disrupted enteral feeding, (2) the infants were appropriate

for gestational age (weight between 10th and 90th percen-
tile) with gestational age <37 weeks (250 d) and >34
weeks (238 d) and (3) the infants were admitted to hospi-
tal within 24 h after birth.

The exclusion criteria were as follows: (1) the infants
could not be fed normally due to surgical conditions, such
as congenital digestive tract malformation or NEC, genet-
ic metabolic disease or chromosomal abnormalities and
(2) the data were incomplete.

Treatment method

After admission, infants diagnosed with FI were divided
into treatment and control groups using a random number
table. Both groups of infants were kept warm and given
supportive care, such as total parenteral nutrition and anti-
infection, to ensure a water, electrolytes and acid-base
balance. When necessary, enhanced immunotherapy, such
as infusion of plasma and intravenous immunoglobulin,
was administered. The control group received treatments
such as gastric lavage, abdominal massage and supple-
ment of intestinal probiotics. In addition to the treatments
given to the control group, the treatment group also re-
ceived phentolamine (Shanghai Fudan Fuhua Pharmaceu-
tical Co., GYZZ No. H10890046) administered by intra-
venous pump combined with intramuscular injections of
B vitamins (Vitamin B1: Tianjin Pharmaceutical Group
Xinzheng Holdings Co., Ltd., GYZZ No. H41021262;
Vitamin B12: Suicheng Pharmaceutical Co., Ltd., GYZZ
No. H41021261). The liquid was configured as follows:
A solution of 1.8 mg/kg of phentolamine with 10 mL 5%
glucose injection was continuously pumped for 10 h at a
rate of 1 mL/h, with the phentolamine pumping rate being
0.3 png/(kg-min). The pumping was administered once per
day and one session lasted 5-7 days. The configuration of
B vitamins was as follows: Vitamin B1 and vitamin B12,
25 mg and 125 pg, respectively, were intramuscularly
administered once per day and a session lasted 3 days.
Parenteral nutrition support for both groups stopped after
total enteral nutrition was fulfilled. The enteral nutrition
was given by nasogastric tube or oral feeding, depending
on the infant's condition and tolerance. The enteral nutri-
tion consisted of breast milk or formula milk, with the
volume and frequency adjusted according to the infant's
weight and growth. The enteral nutrition was gradually
increased until the infant reached the basal standard of
100 mL/(kg-d) milk via oral feeding. Daily changes in the

Table 1. General data of comparisons of two groups of infants prior to treatment

Treatment group (n=56) Control group (n=62) t/X? p

Gestational age (d) 247 +6.38 245 +5.02 1.8957 0.061
Sex

Male (%) 54 (30/56) 44 (27/62) 2.001* 0.157

Female (%) 46 (26/56) 56 (35/62)
Weight (g) 2432 + 298 2403 + 333 0.4877 0.627
Method of delivery

Natural birth (%) 59 (33/56) 47 (29/62) 2.890* 0.089

C-section (%) 41 (23/56) 53 (33/62)
Prenatal hormones (%) 45 (25/56) 37 (23/62) 0.081* 0.776
Maternal history of hypertension (%) 36 (20/56) 48 (30/62) 2.956* 0.086
Maternal history of diabetes (%) 55 (31/56) 60 (37/62) 0.512¢ 0.474

Tunpaired Student's t test
X2 test
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infants' conditions, such as basic vital signs, daily milk
volume, residual milk volume, daily weight change and
presence of symptoms such as vomiting or abdominal
distension, were recorded during the study.

Observation indicators

The observation indicators were as follows: (1) time of
digestive tract symptoms (vomiting, abdominal distension
and clearance of meconium), (2) time for meeting basic
standards (time needed to reach 100 mL/(kg-d) milk via
oral feeding after birth), (3) time of weight recovery, (4)
length of hospitalisation, (5) incidence of complications
of NEC, LOS or hyperbilirubinaemia during hospitalisa-
tion and (6) C-reactive protein (CRP) and interleukin-6
(IL-6) concentrations before and after treatment.

Efficacy evaluation

The efficacy evaluation was based on the following crite-
ria: significant efficacy — infants exhibited good sucking,
absence of vomiting or abdominal distension, significant-
ly relieved gastric retention and increased milk intake,
with stomach rumble returning to normal; efficacy—
infants demonstrated good sucking, relieved symptoms
such as vomiting, abdominal distension or gastric reten-
tion, increased milk intake and enhanced stomach rumble;
non-efficacy—no improvement in times of vomiting or
abdominal distension, presence of significant gastric re-
tention and non-progress in milk intake. Total treatment
efficacy = significant efficacy + efficacy.

Statistical processing

Analysis was carried out using the SPSS 25.0 statistical
software suite. All measurement data were presented as
mean value + standard deviation (£SD). Two groups of
data satisfying normal distribution and homogeneity of
variances underwent independent sample t-test. Two in-
dependent sample ordinal data underwent the Mann-
Whitney U test. Count data were presented as percent-
ages, and the total sample size N > 40. When all theoreti-

cal values T > 5, the Pearson chi-squared test was adopt-
ed. If T <5, then Fisher's exact probability method was
used. A value of p < 0.05 indicates a statistically signifi-
cant difference.

RESULTS

Comparison of gastrointestinal symptom indicators of
the two groups after treatment

The times needed for the disappearance of vomiting, ab-
dominal distension and meconium in the treatment group
were invariably shorter than those of the control group,
with a statistically significant difference (p < 0.01). How-
ever, no significant difference was found in time for
meeting basic standards, weight recovery and hospitalisa-
tion, which was statistically insignificant (p > 0.05), as
shown in Table 2.

Comparison of incidence of complications between the
two groups

After treatment, the treatment group had 1 case of NEC
(2%), 1 case of LOS (2%) and 22 cases of hyperbilirubi-
naemia (39%). Comparatively, the control group had 2
cases of NEC (3%), 30 cases of hyperbilirubinaemia
(48%) and 0 cases of LOS. The two groups showed no
statistical differences (p > 0.05), as shown in Table 3.
Comparison of efficacy results

After 5 days of treatment, the total efficacy of the treat-
ment group was 77%, significantly higher than the 56%
efficacy in the control group, pointing to a significant
statistical difference (p < 0.05), as shown in Table 4.

Comparison of C-reactive protein and interleukin-6 lev-
els between the two groups

Before treatment, infants in the two groups showed no
statistically significant difference in CRP concentrations
(p > 0.05). After the treatment, the CRP concentrations
dropped in both groups and showed a statistically signifi-
cant difference (p < 0.01). After the treatment, the CRP
concentration of the treatment group was lower than the

Table 2. Comparison of treatment outcomes of two groups of infants with FI (xSD, d)

Group Vomiting Time of ab- Time of clearance of ~ Time for weight ~ Time for meeting  Time of hospi-

time dominal dis- meconium recovery basic standards talization
tension

Treatment 2.3+0.6* 3.1+0.6* 4.5+1.0* 8.3£1.2 8.4£1.6 8.0£1.5

group

Control group 3.7£0.7 4.3+0.9 5.8+1.1 8.2+1.3 8.6x£1.7 8.5+1.6

t value -11.284 -8.114 -6.329 0.034 -0.558 -1.770

p <0.001 <0.001 <0.001 0.973 0.578 0.079

FI: Feeding intolerance
Comparison with the control group *p<0.01

Table 3. Comparison of incidence of complications in FI infants between the two groups n (%)

Group Case Number of NEC (%) Number of LOS (%) Number of hyperbilirubinemia (%)
Treatment group 56 1(2) 1(2) 22 (39)
Control group 62 23) 0(0) 30 (48)
X2 0.989
p 1.000 0.475 0.320

NEC: Necrotizing enterocolitis; LOS: Late-onset sepsis. FI: Feeding intolerance
X2 test was used to compare the incidence of complications between the two groups.
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Table 4. Comparison of efficacy in FI infants between the two groups n (%)
Group Case Significant efficacy (%) Efficacy (%) Non-efficacy (%) Z! p
Treatment group 56 18 (32) 25 (45) 13 (23) -2.010 0.044
Control group 62 10 (16) 25 (40) 27 (44)

FI :Feeding intolerance
TMann-Whitney U test

Table 5. Comparative analysis of CRP and IL-6 concentrations in Fl infants between treatment and control groups

before and after treatment

Before Treatment (Mean + SD) After Treatment (Mean + SD) t p

CRP (mg/L)
Treatment Group 1.99+0.35 0.980+0.18 19.242 <0.001
Control Group 2.08+0.31 1.31+£0.24 15.399 <0.001
t -1.817 -2.952
p 0.072 0.004

IL-6 (pg/mL)
Treatment Group 23.7£5.75 9.33+£2.23 17.467 <0.001
Control Group 25.8 £6.45 10.6 £ 2.36 17.429 <0.001
t -1.972 -3.087
p 0.054 0.003

CRP: C-reactive protein; IL-6: Interleukin-6; FI: Feeding intolerance
control group, showing a statistically significant differ- DISCUSSION

ence (p < 0.01), as shown in Table 5.

Before treatment, infants in the two groups showed no
statistically significant difference in IL-6 concentrations
(p > 0.05). After the treatment, the IL-6 concentrations
dropped in both groups and showed a statistically signifi-
cant difference (p < 0.01). After the treatment, the CRP
concentrations in the treatment group were lower than
those in the control group, showing a statistically signifi-
cant difference (p < 0.01), as shown in Table 5.

Comparison of Total Parenteral Nutrition (TPN) pa-
rameters between the two groups

We used TPN as a supplementary nutritional support for
our study population, which were late preterm infants
with immature gastrointestinal function and unable to
meet their nutritional needs. Moreover, due to the pres-
ence of FI, their intestinal absorption capacity was also
impaired, increasing the risk of malnutrition. Therefore,
we used TPN to ensure their growth and development.
We have provided related clinical data, including the
amount of energy and protein supplied by TPN, and the
comparison between the two groups. We have also added
a table to show the TPN parameters and their differences
(Table 6).

Safety evaluation

(1) Vital signs monitoring
After receiving phentolamine and B vitamins, no signifi-
cant abnormality was monitored in respiration, heart rate
or blood pressure in the treatment group.
(2) Incidence of adverse drug reactions in the treatment
group
In this study, no adverse reactions, such as nasal conges-
tion, rash, flushed complexion, arrhythmia or redness,
swelling or erosion at the site of injection, were found in
the treatment group.

During the neonatal period, a variety of factors can cause
reduced gastrointestinal blood flow, abnormal secretion
of gastrointestinal hormones and changes in gastrointesti-
nal motility; these can lead to FI, which further results in
long-term nutrition therapy and complications, such as
cholestasis, bleeding and infection.'?® Premature infants
with a gestational age <33 weeks have an insufficiently
developed central nervous system and can barely be fed
orally,* leading to a relatively high incidence of FI.
Hence, there has been a larger body of literature focusing
on FlI premature infants with a gestational age <34
weeks.’® However, few studies address late premature
infants with a gestational age >34 weeks. Clinical obser-
vations show that, subject to the effects of maternal and
delivery factors, infants of this gestational age still have a
high incidence of FI.1 Thus, this study is meaningful in
summarising the clinical experience in FI of late prema-
ture infants to provide new methods for treating FI in
extremely and ultra-early premature infants by expanding
the treatment scope.

As an alpha receptor blocker, phentolamine competi-
tively blocks the binding of norepinephrine with the alpha
receptor, reducing its vasoconstriction effect and improv-
ing systemic microcirculation. When intestinal microcir-
culation improves, the congestion and oedema of the in-
testinal wall are alleviated and the gastrointestinal smooth
muscles are excited to enhance intestinal motility, thereby
helping the dispersion of accumulated intestinal gas and
recovery of intestinal mobility and absorption. Given its
improvement in microcirculation, it is mainly used as a
topical medicine for neonates, and few studies have re-
ported treatment of FI with phentolamine.*®

Both vitamin B1 and vitamin B12 are water-soluble
vitamins and nourish nerves when used in combination.
For adults, they can treat neuritis, neuralgia caused by
herpes zoster, sequelae of cerebrovascular disease and
neuropathies caused by diabetes. Near-term and prema-
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Table 6. TPN parameters and comparison between the two groups

Parameter Treatment group (n=56) Control group (n=62) t p

TPN energy (kcal/kg/d) 80.3+12.4 79.8 +11.7 0.213 0.832
TPN protein (g/kg/d) 250+ 0.4 2.40+0.3 1.234 0.220
TPN duration (d) 520+1.6 540418 -0.542 0.589

Phentolamine and B vitamins for feeding intolerance in late preterm infants: a randomised trial

Treatment
group (n=56)

—

The study randomly
assigned 118 late
preterm infants with
Fl

Evaluate efficacy and
safety of phentolamine
with B vitamins for
feeding intolerance in
late preterm infants

(34 weeks <
gestational age < 37 Control
weeks) group (n=62)
- - 5

Key measures included the duration of
gastrointestinal symptoms, time to basal
attainment, hospitalization period, incidence
— | of complications, levels of inflammatory
markers, and overall treatment effectiveness.

Received intravenous
phentolamine and
intramuscular B vitamins

Phentolamine and B vitamins
effectively reduce symptoms and
inflammation in feeding

EE—

intolerance without affecting
complication rates.

Received basic treatment only

Graphical abstract. Phentolamine and B vitamins effectively reduce gastrointestinal symptoms and inflammation in late preterm infants
with feeding intolerance, demonstrating improved treatment efficacy without affecting the incidence of complications.

ture infants have relatively sophisticated intestinal devel-
opment, and their FI is largely associated with intrauter-
ine distress and infection. Affected infants largely show a
vagus nerve disorder. B vitamins help maintain normal
functions of the nervous system, as they cause a gradual
expansion in stomach receptivity and improvement in
contractility that help accelerate the emptying of stomach
contents.

The current clinical experiment shows that phentola-
mine combined with B vitamins can shorten the duration
of vomiting and abdominal distension when treating Fl in
premature infants. Compared with the treatment group,
the treatment plan advances clearance of meconium (p <
0.01), significantly alleviating the clinical symptoms of
affected infants. The total efficacy of the treatment group
was significantly higher than that of the control group (p
< 0.01). However, compared with the control group, the
treatment group showed no reduction in the incidence of
NEC, LOS or hyperbilirubinaemia. The literature shows
that the risk factors of FI in late premature infants are
mainly premature rupture of membranes, perinatal infec-
tion and apnoea.'’'® As an acute-phase response protein,
CRP can increase in the case of tissue damage and in-
flammation. However, non-Chinese literature reports that
premature infants with FI may show abnormal concentra-
tions of the inflammatory factor IL-6 and a low neurode-
velopmental score.® Chinese literature demonstrates that
phentolamine can alleviate the inflammatory factor con-
centrations of NEC, severe pneumonia combined with
respiratory failure.2>2! Our study shows that the CRP and
IL-6 concentrations both dropped after treatment in the

two groups (p < 0.01). After the treatment, the CRP and
IL-6 concentrations in the treatment group were lower
than those in the control group (p < 0.01). This suggests
that phentolamine combined with B vitamins may allevi-
ate inflammatory reactions, but the specific mechanism
requires further exploration.

To summarise, phentolamine and B vitamins can sig-
nificantly alleviate the clinical symptoms of Fl in late
premature infants, reduce inflammation, improve total
efficacy, promote early initiation of breastfeeding and
thus help infants recover early. The study also provides
reference medication for treating FI in extremely and ul-
tra-early premature infants.
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