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| APki Baat, Community ke Saath: Debutingwith aFight Against Anemia

GV Basavargja
National President, Indian Academy of Pediatrics, 2024
president@iapindia.org

Dear Esteemed Members of the Indian Academy of
Pediatrics(1AP),

In the contemporary era of abundant information
facilitated by the internet, the dissemination of know-
ledge has seen unparalleled growth. However, alongside
the benefits of easy access and rapid spread of infor-
mation, there has been a surge in misinformation. This
phenomenon has led to a widespread erosion of trust in
the authenticity of online content, including newsarticles
and social mediaposts.

Asaresponseto this challenge, the initiative ‘ IAP ki
Baat, Community ke Saath’ has been launched by a
consortium of esteemed colleagues of the | AP. This paper
elucidates the rationale behind the inception of this
program and highlightsits potential to mitigate the proli-
feration of misinformation.

By fostering a community-driven approach towards
fact-checking and promoting scientificrigor, thisinitiative
aimsto serveasacatalyst for cultivating aculture of truth
and integrity in the digital landscape. Through colla-
borative efforts and a commitment to evidence-based
communication, ‘|AP ki Baat, Community ke Saath’
endeavorsto contribute significantly towards combating
misinformation and upholding the principles of dissemi-
nation unbiased information.

Active Participation and Collective Engagement:
Mobilizing the Community Towards Truth and
Integrity

In our endeavor to combat misinformation and uphold the
principles of truth and integrity, active participation
stands as the cornerstone of our collective effort. We call
upon each member of our esteemed community, affec-
tionately referred to as IAPians, to join hands in this
noble cause.

Thejourney beginswith asimple yet profound act of
sharing our messages and spreading the word. By
actively engaging in the dissemination of accurate
information, we pavetheway for amoreinformed society.
Weurgeadl IAPiansto utilizetheir platformsand networks

INDIAN PEDIATRICS

to amplify our message, reaching far and wide, to debunk
myths and dispel falsehoods.

Furthermore, we recognize the pivotal role of parents
in shaping the perspectives and knowledge base of future
generations. As healthcare professionals entrusted with
the well-being of children, weimplore you to inform the
parents of the young minds you treat. Empowering
parents with reliable information not only safeguardsthe
health and welfare of their children but also cultivates a
cultureof critical thinking and discernment.

While the task may seem daunting, let us not be
deterred. Let us start small but aim for the sun, fueled by
the unwavering belief in our collective potential.
Together, we possess the strength to surmount any
obstacle and transcend boundaries. It is through unity
and collaboration that we will ascend to new heights of
impact and influence.

Onbehalf of theAcademy, | extend heartfelt gratitude
for your unwavering support and dedication. Remember
that you are not alone in this endeavor. With our
combined efforts and steadfast support from our
community, we are poised to effect transformative
change. Join us on this journey, as together, we become
architectsof abrighter, more enlightened future.

Addressing the Persistent Challenge of Anemia:
Launching ‘Anemia ki Baat, Community ke
Saath’ Program for Comprehensive Awareness
and Action

Anemia stands as a pervasive health concern in India,
silently sapping the vitality of our nation. Despite its
manageable nature, anemia continues to afflict a
significant portion of our population, particularly children
and adolescent girls. This underscores the need for
imperative concerted efforts to combat this debilitating
condition with the launch of the ‘Anemia ki Baat,
Community ke Saath’ Program.

The prevalence of anemia among children aged 6
months to 5 years and adolescent girls paints a stark
picture of the magnitude of thishealthissue. With 67% of
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children and 59% of adolescent girls affected, the toll of
anemiaon our society isundeniable[1]. However, behind
these statisticsliesadeeper challenge- the pervasivelack
of awareness and understanding regarding the causes
and management of anemia.

Central to the perpetuation of anemiais the dearth of
accurate information regarding essential micronutrients
and dietary practices. Misconceptions and outdated
beliefs passed down through generations serve as the
primary source of dietary guidance, contributing to the
inadequate intake of vital nutrients. Studies have
revealed a concerning trend of improper weaning
practices, characterized by overcooking and dilution of
weaning foods, further exacerbating the prevalence of
anemia[2).

Through a multifaceted approach encompassing
community outreach, capacity building, and information
dissemination, the program seeksto empower individuals
with the knowledge and resources necessary to address
anemiaeffectively. By engaging with local communities,
healthcare professionals, and stakeholders, ‘ Anemia ki
Baat, Community ke Saath’ endeavoursto foster aculture
of informed decision-making and proactive heathcare
practices.

Emphasizing theimportance of bi-annual deworming,
we are committed to prioritizing this intervention and

PrESIDENT’ SPAGE

ensuring its consistent monitoring and implementation.
Additionally, effortswill be madeto enhancethe capacity
of ASHA workers through the launch of a Training of
Trainers (TOT) program. This initiative will focus on
capacity building for pediatricians, dieticians, and
nutritionists, alongside the development of counseling
materials, further strengthening our commitment to
improving child health outcomes.

Aligned with the Anemia Mukt Bharat Program
spearheaded by esteemed healthcare |eaders Dr. Vinod K
Paul and Dr. Pukhrgj Bafna, the ‘Anemia ki Baat,
Community ke Saath’ Program servesasacrucia aly in
thenational effort to eliminate anemia. By amplifying the
reach and impact of government initiatives and high-
lighting the availability of free and affordable diagnostic
and treatment facilities, the program aims to catalyze
collective action towards achieving the shared goal of
anemiaeradication.

REFERENCES

1. Ministry of Health and Family Welfare, Anaemia Mukt
Bharat. Posted On: Feb 04, 2022, 5:30 PM by PIB,
Delhi. https://pib.gov.in/PressRel easePage.aspx?PRID
=1795421

2. Vyas S, Kandpal SD, Semwal J, Chauhan S, Nautiya V.
Trendsinweaning practicesamonginfantsand toddlersina
hilly terrain of a newly formed state of India. Int J Prev
Med. 2014; 5:741-8.
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FROM THE ACADEMY

I ndian Academy of Pediatrics Consensus Satement on Diagnosisand
M anagement of Boneand Joint I nfectionsin Children
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ABSTRACT

Justification: Osteoarticular infections are fairly common in children but often these are associated with underdiagnosis, delayed
diagnosisand improper management. Thisleadsto an increased incidence of complicationsand poor outcomes. Given the paucity of
standard protocols for the management of these children in the Indian context, Indian Academy of Pediatrics (IAP) has taken the
initiativeto formulate guidelinesfor the early diagnosisand rational management of boneand joint infections(BJlS).

Objectives: Tocritically evaluatethe current evidence and formul ate consensus guidelinesfor the diagnosis and management of BJIs
inchildren.

Process. A committee comprising of eminent national faculty from different parts of the country who areexpertsinthefield of Pediatric
Infectious Diseases, Pediatric Orthopedicsand Muscul oskel etal Radiology was constituted and duly approved by the lAP. On Jan 16,
2021, a virtual meeting was held and a detailed discussions were carried out regarding the need to formulate these guidelines.
Subsequently, the expert group defined the key questionsin thefirst stage followed by collection and review of scientific evidences
including avail able national and international recommendationsor guidelines. Thiswasfollowed by detailed deliberation among group
members and presentation of their recommendations. The samewerefinalizedin an online meeting on Aug 01, 2021, and aconsensus
statement was devel oped and adopted by the group.

Satement: BJlsare medical emergencies that need early diagnosis and appropriate therapy to prevent long term sequel ae like limb
deformities. Bacterial infections like Saphylococcus aureus is the most common etiological agent. Nonspecific and subtle clinical
manifestations make the diagnosis of pediatric BJls more challenging. Diagnosis of BJIs is primarily clinical, supplemented by
laboratory and radiological investigations. The choice of antibiotic(s), mode of administration and duration of therapy requires
individualization depending upon the severity of infection, causative organism, regional sensitivity patterns, time elapsed between
onset of symptomsand the child’s presentation, age, risk factorsand the clinical and laboratory responseto treatment. Thereispaucity
of appropriate guidelinesregarding the diagnosis and management of BJIsin childrenin Indian context. Hence, the need for thisexpert
consensusguidelinesin Indian settings.

Keywor ds: Empirical antibiotics, Osteomydlitis, Septic arthritis, Saphylococcus aureus

BACKGROUND organism responsible for osteomyelitis which is seen in
more than 50% of al culture-positive cases. Gram
negative organismsare morefrequent ininfantscompared
toadultsand older children[1,2]. Although dataislacking
to prove Kingella kingae as causative agent of BJIsin

Acute osteomyelitisin childrenisamost alwaysaresult of
hematogenous (bacteremia) infection. As per available
data, Saphylococcus aureus is the most common

= , childrenin India, 30-50% of muscul oskeletal infectionsin
orrespondenceto: Dr. Bhaskar Shenoy, . . .

Department of Pediatrics and Pediatric | nfectious Diseases, children below 5 years in Europe, are due to this
Manipal Hospitals, Bengaluru, Karnataka, India. bacterium; isolated joint infections 65%, osteoarticular
bshenoy@gmail.com infection 30%, isolated bone infections 12% and spine
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infections4% [ 3]. The preval ence of methicillin resistance
in Saphylococcusaureus (MRSA) variesfrom 10-40%in
different studies [4]. The incidence of Sreptococcus
pneumoniae, and Hemophilus influenzae type b (Hib)
infections has declined with increasingimmunization [5].
Multidrug resistant (MDR) and extensively drug resistant
(XDR) gram negative bacilli and candida are important
pathogensin neonatesand critically ill children, especialy
those with indwelling vascular lines [6].
Pseudomonas aeruginosa and non-tuberculous
mycobacterium are unique pathogens following
penetrating injuries [6]. In patients with implants,
coagulase negative Staphylococci, gram negative
pathogens and fungi are encountered. Brucellosis and
tuberculosis are important causes of BJIs in India,
especialy in caseswithinsidious onset. Gonorrheaisseen
insexually active adolescents[7].

NEED FOR GUIDELINES

There is a paucity of scientific guidelines for the
management of BJls in children in India These are
intended for use by pediatriciansaswell asorthopedicians
who take care of childrenwith BJIs.

OBJECTIVES

1. To critically evaluate the current evidence and
formulate a consensus statement on the diagnosisand
management of BJIsin childrenin India.

2. To provide consensus-based practice recommen-
dationsdevel oped in asystematic manner with clinical

applicability.
TARGET AUDIENCE

These guidelines are intended for use by primary care
pediatricians and orthopedic surgeons in India who
manage childrenwithBJls.

PROCESS FOR GUIDELINE FORMULATION

A group of experts comprising of pediatric infectious
diseases specialists, pediatric orthopedicians and
muscul oskeletal radiol ogists were selected by the Indian
Academy of Pediatrics (IAP) based on their experience
and expertiseintherespectivefields. Theexpertsarefrom
different regions of India and comply with the policy of
conflict of interest by |AP. On the Jan 16, 2021, avirtua
meeting was held and detail ed discussionswere carried out
regarding the requirements of theguidelines. Defining key
guestions was the first stage; it involved collecting
evidence and data and conducting evaluations. The
recommendationsin these guidelineswere devel oped after
areview of theavailableliterature from European Society
of Pediatric Infectious Diseases (ESPID) guidelines and
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guidelinesof the I nfectional Diseases Society of America
(IDSA). Special attention wasgiven to publications made
from the Indian subcontinent so as to make these
recommendations applicable to local needs and clinical
circumstances. All relevant papers and statements were
discussed by all the expert group until a consensus was
arrived at. The panel of experts based the fina
recommendations on the best available Indian data, global
evidence, as well as the socioeconomics of healthcare.
After reviewing the available scientific evidence, the
committee formulated a few key questions. This was
followed by detailed deliberation among group members
and presentation of their recommendations. This was
finalized in the meeting on Aug 02, 2021. The following
Consensus Statement was adopted.

CONSENSUS STATEMENT

1. CLINICAL PRESENTATIONS THAT WARRANT
EVALUATION FOR BJlIs:

The following clinical scenarios mandate evaluation for
BJI

e A child who presents with refusal to use alimb OR
restricted range of movements OR limping with /
without fever

e Child has discomfort when touching or moving the
joint e.g. while changing diaper

* Neonates with pseudoparalysis characterized by
limited or absent limb movement without neurol ogical
involvement or excessivecryingwhileusingalimb

« Neonates with fever without a focus and irritability
should have a high index of suspicion for BJls apart
fromaCNSinfection

« Any child with proven Saphylococcus aureus
bacteremia

« Patientswith traumawhereloss of movements cannot
beattributed to traumaalone

« A child with history suggestive of bleeding disorder
with joint swelling associated with persistent pain with
fever

o Patients with risk factors such as immuno-
compromized child, known case of inflammatory joint
disorder, post procedures likeintraarticul ar injection,
or arthroscopy, or prosthetic joints

Joints and long bones of thelower extremitiessuch as
tibiaand femur aremorefrequently involved, although any
bonein the body may be affected [8,9].

VoLUME 61—MARCcH 15, 2024
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2. INITIAL INVESTIGATIONS FOR A CHILD WITH
SUSPECTED BJIs

Recommendations

*  We recommend sending a complete blood count
including adifferential white blood count, C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR),
serum creatinineand blood culture (at least two setsto
increasetheyidld) inall patientswith suspected BJl as
apart of first lineinvestigations[10].

* Routine assessment of procalcitonin is not
recommended
Rationale

Though the diagnosis of acute osteomyelitis/ septic
arthritisis usually made based on clinical findings, every
effort should be made to obtain a microbiological
diagnosis in order to optimize treatment. CRP is a good
marker for the diagnosis and prognosis of the disease.
Although ESR takesalonger timeto rise and hasreduced
significance for this condition, the combination of both
thesetests(CRPand ESR) resultsin better sensitivity. A set
of blood cultureswith appropriate volume (whichis 1% of
circulating blood volume) should always be sent before
initiating antibiotics. Blood cultures are positive in about
one out of three cases [11]. Serum creatinine should be
determined especially for a child who will be prescribed
vancomycin or a child who needs contrast CT/ MRI [9].
Thereis no evidence to support the routine estimation of
procalcitoninin childrenwith BJIs[3,4].

3. EVALUATION OF BONE/JOINT FLUID IN BJIs
Recommendations

» Joint fluid evaluationismandatory in all patientswith
suspected septic arthritis

» Bone /tissue/ pus evaluation whenever possible in
acute osteomyelitisprior to starting antibiotics

»  Non-response/ worsening while on adequate treatment
» Neonatesand criticaly ill children with suspected BJIs

Rationale

Synovial fluid evaluationisnecessary for establishing the
diagnosis of septic arthritis and for differentiation from
transient synovitis and rheumatologic causes. The
specimen should be sent for cell count, gram stain, aerobic
culture. Inoculation of synovial fluid samplesadditionally
into blood culture bottles instead of agar has been
demonstrated in multiple studiestoincreasetheyield[12].
If tubercular infection is suspected, then the specimen
should also be sent for acid fast bacilli (AFB) stain,
cartridge based nucleic acid amplification test (CBNAAT)

INDIAN PEDIATRICS
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and mycobacteria culture. In case of clinicaly stable
patient when thediagnosis cannot be established by initial
investigations, synovial aspiration/ biopsy should be
attempted. In case of sick patient or rapidly progressive
infection, antibiotics can be started fol lowed by obtaining
asynovial specimen assoon aspossible[11].

Gram staining of bone, tissue or pus and aerobic
cultures are recommended in acute osteomyelitis
whenever possible since the yield is higher than blood
cultures [13-16]. In neonates and immunocompromized
patients, bone/pus cultures are mandatory since the
etiology is diverse and often multidrug resistant.
Histopathol ogy can be helpful if tubercular osteomyelitis
issuspected; mycobacterial culturesand CBNAAT of the
specimen are recommended in such cases [17-23]. In
87.5% of children diagnosed with septic arthritis, PCR
successfully identified the presence of a pathogen.
Additionally, alower rate of joint fluid culture positivity
was observed in cases where antibiotic pretreatment
occurred [24]. Theyield of molecular testsis higher than
cultures and these may be requested if validated and
approved tests are available (e.g., Biomerieux bone and
joint panel) [16].

4. RADIOLOGIC APPROACH
Recommendations

e We recommend an initial plain radiograph of the
involved siteasascreening test.

» Ultrasonography (USG) has ahigh sensitivity for the
diagnosis of septic arthritis [6]. Ultrasound may be
performed if thereis soft tissue edema or suspicion of
septic arthritis.

e Imaging finding can be normal withinfirst 24 hour of
theillness. Hence, it isrecommended to repeat USG or
MRI in case of ahigh suspicion of underlying BJI [25].

e Magnetic resonance imaging (MRI) is the most
reliable imaging modality for the diagnosis of BJI.
MRI can be used as a confirmatory investigation for
early diagnosis of osteomyelitis in cases with high
clinical suspicion and aso to grade the extent of
diseaseinvolvement in confirmed cases|6].

Rationale
4a.Plain radiographs

Plain radiography is considered as an important baseline
testin all patientsfor comparison of disease progression/
treatment response and also to rule out other underlying
conditions.

e Acute osteomyelitis: X-rays are frequently normal at
baseline (< 2 weeks of symptom onset). Delayed
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imaging may show appearance of osteolytic changes
or periosteal elevation, mostly 10-21 days after onset
of symptoms|6].

e Subacute osteomyelitis: X-ray changescan frequently
be confused with malignancy; hence, MRI or
histopathological correlation will be required for a
definitivediagnosis.

e Septic arthritis: Limited usefulness of plain
radiographs; soft tissue swelling may be seen along
with blurring of fat planes, increased joint space with
effusion and evenjoint dislocation.

4b. Ultrasonography

USG is most commonly indicated for septic arthritis
because it has a high sensitivity for the diagnosis of joint
effusion, although with a lower specificity. It should be
performed in all suspected cases of septic arthritis, unless
easily diagnosed by physical examination. It provides
guidance for diagnostic or therapeutic aspiration and/or
drainage. Doppler USG may provide early detection of a
high vascular flow intheinfected bone[26].

4c. Magnetic Resonance Imaging (MRI)

MRI is the gold standard imaging modality for acute
osteomyelitis, becauseit can detect signsof osteomyelitis
asearly aswithin 3-5 daysof diseaseonset. MRI provides
greater details of the bone and soft tissue involvement,
including the formation of abscesses, sequestra or
associated pyomyaositisor contiguousvenousthrombosis.
It is useful for appropriate preoperative planning for
diagnostic and/or therapeutic purposes. MRI may not be
necessary in certain situations where other clinical and
diagnostic tools are strongly suggestive of the diagnosis
[27,28].

» Septic arthritis: Although MRI is generally not
indicated for isolated SA, it is valuable if OM
associated with SA issuspected [29].

» Spondylodiscitis and vertebral OM: MRI is the most
useful test for spinal infectionsasit providesexcellent
details of bone and soft tissue involvement in these
complex areas. MRI aids in exclusion of other
conditionssuch asmalignancy.

Disadvantages of MRI include logistics, high cost,
long scan times and need for sedation or anesthesia in
young children. Presence of metallic foreign bodies, metal
implants and MRI incompatible pacemakers are
contraindicationsfor performing MRI [30].

4d. Computerised Tomography (CT)

CT is not generally recommended in children as it is less
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sensitive compared with MRI in detecting early osseous
lesionsand exposeschildrento high dosesof radiation [31].

e |t should be reserved for settings where MRI is not
feasible and USG is unremarkable with high clinical
suspicion.

« Vauablefor guided procedures, such as aspiration or
drainage, and may not need sedation because of the
short time needed.

4e.Bone Scintigraphy or Bone Scan Technetium
Radionuclide Scan (99mTc)

Itisused toidentify multifocal osseousinvolvement andto
document the site of OM whenlocal skeletal symptomsare
ill defined. It hasahigh sensitivity but low specificity [32]
and both sensitivity and specificity arelower in neonates.
It may also givefalse negativeresultsin infancy and with
virulent pathogens(MRSA).

5. REFERRAL TO ORTHOPEDIC SURGEONS
Recommendation

e Werecommendthat all patientswith suspected BJI be
referred to orthopaedic surgeon as early as possible.
The management of such children should be by the
combined team of pediatrician and orthopedic
surgeon.

Rationale

All acute BJls are emergencies need immediate and
aggressive treatment. Many a times this aggressive
treatment could only be empiric/appropriate broad-
spectrum  antibiotic/medical  therapy but surgical
intervention at an appropriate/early timeisnot only limb
saving but lifesaving. A few hours of delay can mean a
catastrophic outcome with permanent disability/deformity
[33,34]. The decision to intervene must be made by a
competent orthopedic surgeon [ 35,36].

6. EMPIRIC ANTIMICROBIAL THERAPY
Recommendations

e We recommend intravenous (IV) cefazolin/
cefuroxime as empiric therapy in children aged 3
monthsto 5 years.

e We recommend IV cefazolin/cloxacillin as empiric
therapy in children aged 5 yearsor older. Anti-MRSA
therapy including vancomycin/ teicoplanin may be
added in those with high suspicion for MRSA. We do
not recommend linezolid asempiric therapy.

e In sick neonates and critically ill children, IV
meropenem and vancomycin is recommended till
cultureresultsareavailable.
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Rationale

Choice of empiric therapy depends on the likely etiology
and antimicrobial susceptibility and should be parenteral .
In children aged 3 months - 5 years, the common cul prits
are S. aureus, K. kingae [7,8], S. pneumoniae and H.
influenzae. The disadvantage of antistaphylococcal
penicillins as empiric therapy for this age isthat they do
not cover for K. kingae, Hib or pneumococcus. Inchildren
aged 5 years and above, antistaphylococcal penicillins
(cloxacillin/ flucloxacillin) or cefazolin is the drug of
choice. Thekey decisionisabout initiation of anti-MRSA
therapy. Empiric therapy for MRSA should beinitiated if
the prevalence of MRSA is more than 10-20%. The
prevalence of MRSA variesin different settings, however,
Indian dataabout the prevalenceof CA-MRSA in pediatric
BJls is limited [3]. Hence, knowledge of local or
institutional antibiogram is very crucial before starting
MRSA therapy. Empiric therapy for MRSA may be added
invery sick children, if thelocal experiencesoindicates, or
if specificclinica indicatorsfor MRSA arepresent suchas
high fever, bone abscess, multifocal involvement, fracture
and deep veinthrombosis (DVT) or severe disease where
either joint isinvolved and patient with poorly controlled
comorbidity or organ damage[37,38].

It is mandatory to obtain blood and bone/ joint fluid
culturesbeforeinitiating antibioticsfor SA in neonatesand
critically ill children. Reviewing data about neonatal
intensive care unit (NICU) cultures for that baby and the
epidemiology of neonatal sepsisin the NICU where the
baby was admitted may also help if available. Empiric
therapy if indicated in asick baby, can beinitiated with a
carbapenem (meropenem/ imipenem cilastatin), or abeta
lactam plus beta lactamase inhibitor combination
(piperacillin-tazobactam) along with vancomycin till
culturesareavailable.

7. MODIFICATION OF ANTIBIOTICS BASED ON
CULTURE REPORTS

Recommendations

» The choices for definitive therapy are based on the
isolate, susceptibility, availability, bone penetration,
cost considerations and whether or not there is
concomitant bacteremia. Parenteral therapy may be
given asoutpatient parenteral therapy (OPAT) in some
patients.

» Tablel and Tablell describethe choicesof antibiotics
withtheir dosesfor definitivetherapy of BJI [17].

Rationale

» Maethicillin sensitive Saphyloccus aureus (MSSA):
Thedrug of choicefor treating MSSA isolatesin BJls
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are either antistaphylococcal penicillins (cloxacillin/
nafcillin/flucloxacillin) or cefazolin. While the
antistaphylococcal penicillins are the gold standard,
disadvantagesinclude erratic availability, four timesa
day dosing, thrombophl ebitis and nephrotoxicity. The
first-generation cephalosporin cefazolin is a good
alternative with lower cost, thrice daily dosing but
thereisaconcern about lower efficacy of cefazolin due
to inoculum effect. Published data have reported
similar efficacy of antistaphylococcal penicillinsand
cefazolin [39-41]. If the patient does not have
bacteremia, other aternatives for MSSA include
ceftriaxone dosed once/ twice daily or cefuroxime
sodium dosed twice daily (suitable for OPAT).
Preliminary studies show efficacy of cefazolin dosed
twice daily also. If serious beta lactam alergy is
present then daptomycin/fosfomycin can be used.

e MRSA: Thedrug of choicefor MRSA isolatesinBJIs
is ether vancomycin and teicoplanin. While
vancomycin is the gold standard, problems include
need for 3to4timesdaily dosing, infusion-related side
effects and nephrotoxicity and suboptimal tissue
(bone) levels [42-44]. Teicoplanin, the other
glycopeptide, hasbetter bonelevel sthan vancomycin,
can be dosed once aday, haslesser nephrotoxicity and
infusionrelated side effects[45-47]. A third alternative
is daptomycin; availability and lack of pediatric data
are limitations. Other anti-MRSA drugs such as
linezolid, clindamycin and cotrimoxazole are the
optionsfor oral switchover therapy and not for initial
parenteral therapy, especially, if coexistent bacteremia
ispresent.

8. CHANGING FROM PARENTERAL TO ORAL
ANTIMICROBIALS

Recommendations
¢ Thisdecision should beindividualized.

e It should be initiated once there is resolution of
symptomsand signsand improvement inthewhitecell
count and CRP.

Rationale

The change from parenteral to oral therapy depends on
many factors including the presence/absence of
bacteremia, age of the patient, severity of disease,
causative pathogen, clinical and laboratory response,
presence and absence of complicationsand availability of
suitable oral option. Hence, this decision of ora
switchover should be individualized for each patient. In
patients with staphylococcal bacteremia, parenteral
therapy for atleast 2 weeksisrecommended. When thisis
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Tablel DefinitiveAntibiotic Regimensin Boneand Joint I nfectionsBased on Etiology
Organism Parenteral Oral
Istline Alternative
MSSA Cloxacillin/Cefazolin Daptomycin/Ceftriaxone/ Cephalexin/ Cloxacillin/
Cefuroxime Clindamycin

MRSA Teicoplanin/ Vancomycin Daptomycin/ Fosfomycin Linezolid/ Cotrimoxazole/
Clindamycin with/ without
rifampicin

Kingella/ Pneumococcus/ Hib  Ceftriaxone Cefuroxime/Co-amoxiclav Cefuroxime

Salmonellal susceptible Ceftriaxone Ciprofloxacin Cefixime/ Ciprofloxacin/

Cotrimoxazole
Meropenem/ Imipenem

Gram negative
ESBL producing gram negative

Candida Fluconazole

Carbapenem resistant gram
negatives
Brucellosis

BL-BLI combinations (Piper-
callin-Tazobactam, Cefopera-
zone sulbactam)/Ertapenem

Amphotericin B Deoxycholate/
Liposomal Amphotericin B/
Micafungin/ Caspofungin

CiprofloxacinCotrimoxazole

Fluconazole/ Voriconazole
(for C. krusei)

Polymyxins (Polymyxin B/Calistin) with tigecycline/ Fosfomycin/ Cotrimoxazole

Children < 8y: Cotrimoxazole and Rifampicin for 3 mo and Gentamicin/ Streptomycinfor 7 d

Children older than 8 y: Doxycyclineand rifampicin for 3 mo and Gentamicin/Streptomycinfor 7d

Tuberculosis

Isoniazid, Rifampicin, Pyrazinamide, Ethambutol for 2 mo and then I soniazid, Rifampicin with/
without Ethambutol for 10 mo

BL-BLI Beta-lactamand beta-lactamase inhibitor, ESBL Extended spectrum beta-lactamases, MRSA Methicillin resistant Staphyl ococcus aureus,

MSSA Methicillin sensitive Saphyloccus aureus

not possible duetologistic reasons, earlier switch may be
considered in children who clear their bacteremiawithin
72 hours or serial blood culture become negative in 1-2
days of starting therapy. In patients with blood culture
negative osteomyelitis, studies and meta-analysis show
similar efficacy of early parenteral to oral switch versus
prolonged intravenous therapy [48]. Prolonged intra-
venoustherapy can actually be detrimental with increased
drug adverse effects and infusion-related complications.
Therefore, therapy should be switched to oral when the
child becomes afebrile, the symptoms and signs are
resolving, there are no complications, and the CRP is
returning to normal, provided a suitable oral option is
available and the child can take the antibiotic and if the
parent/caregiver can administer the oral antibiotic to the
child reliably. The cut-offs of CRP recommended to
transition to oral therapy vary between 20-30 mg/L or a
level 30-50% of the peak level [49-51].

Patients with MRSA infection, delayed response and
complications may need prolonged parentera therapy.
Similarly, infantslessthan 3 months of ageare best treated
with parenteral therapy for thetotal duration of antibiotic
therapy and so are patients for whom oral options are not
available.
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9. DURATION OF THERAPY
Recommendation

* Werecommend thelength of total therapy should be 2-
3 weeks for septic arthritis and 3-4 weeks for
osteomyelitis; prolonged therapy upto 8 weeksmay be
needed in MRSA osteomyelitis, neonates,
involvement of pelvisand spinal column.

Rationale

Acute uncomplicated hematogenous osteomyelitisdueto
MSSA with good clinica response and rapid
normalization of the CRP can generally betreated with 3-4
weeks of antibiotics. This recommendation is supported
by prospective randomized trialsin MSSA osteomyelitis
where 20 days of therapy was noninferior to 30 days of
treatment [48]. However, in osteomyelitis with
complications (such as 2 or more bonesinvolved with or
without additional soft tissueinvolvement, slow response
to therapy, requiring more than one surgery, persistent
bacteremiaafter 3 or more days of therapy, complications
like thrombosis, thrombophlebitis, endocarditis and
pathol ogical fracture, potential impact on bone growth) or
pelvic/ spine infections, treatment for 6 weeks may be
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Tablell. Dosesof Commonly Used Drugsin Pediatric Boneand Joint I nfections

Drug Route Dose Maximumdose/ day
Cloxacillin v 200 mg/kg/day g6 h 129
Cefazolin v 100-150 mg/kg/day q8h 69
Ceftriaxone v 100 mg/kg/day q 12-24 h 49
Cefuroxime v 75mg/kg/day q12h 39
Vancomycin v 45-60 mg/kg/day g 6-8h 39
Teicoplanin v 8-12mg/kg 12 hourly for 3 daysand then 8-12 mg/kg/ day q24 h 1200mg
Daptomycin v 8-10mg/kg/day q24 h 700mg
Clindamycin v 20-30 mg/kg/day q8h 2700 mg
Cephalexin v 100-150 mg/kg/day g 6-8h 49
Cefuroxime Oral 20mg/kg/day q12h 19
Cloxacillin Oral 30-50mg/kg/day q8h 3gm
Clindamycin Ora 20mg/kg/day 28h 1200 mg
Linezolid IV,oral  30mg/kg/day q8h 1200mg
Cotrimoxazole IV,ora  8-12mg/kg/day of TMPQq8-12h 640 mg of Trimethoprim
Rifampicin Oral 10-20mg/kg/day q 12-24 h 1200mg
Meropenem v 60-120 mg/kg/day q8h 69
Imipenem v 60-100 mg/kg/day g 6-8h 39
Ertapenem v 40mg/kg/day q12h 19
Piperacillintazobactam v 300-400 mg/kg/day of piperacillinq6-8h 16 g of Piperacillin
Cefoperazone sulbactam v 100 mg/kg/day of cefoperazoneq12h 4 g of Cefoperazone
Ciprofloxacin v 20-30mg/kg/day g12h 1200mg
Ciprofloxacin Oral 30mg/kg/day q12h 1500 mg
Fluconazole v Neonates: 25 mg/kg loading and then 12 mg/kg/day q 24 h L oading 800 mg and
Older children: 12 mg/kg loading and then 6 mg/kg/day q24h  Mmaintainence 400 mg

Liposomal Amphotericin B v 3mg/kg/day q24h None
Amphotericin B deoxycholate 1V 1mg/kg/day q24h None
Micafungin \Y, Neonates: 10 mg/kg/day q24 h; Older children: 2-4 mg/kg/ day g24 h 100 mg
Caspofungin v 70 mg/m? | oading and then 50 mg/m? maintenance q24h 70mg
PolymyxinB v 20,000-25,000 units/kg loading and then 20000-30000 units’kg/day 2million

gl2h

Colistin v 4.5 million units’kg loading and then 4.5 million units’kg/day g 8-12h 9-12 million units
Tigecycline v 3 mg/kg loading and then 3 mg/kg/day maintenanceq12h L oading 200 mg and
maintenance 200 mg

Fosfomycin v 200-300 mg/kg/day g 6-8 h 169

needed. In MRSA osteomyelitis, treatment for up to 8
weeks may be needed. Candida osteomyélitis needs
treatment for up to 6 months. In children with implant- or
prosthesis-associated infections (where the implant or
prosthesi s has been retained), chronic suppressivetherapy
may need to continue for even up to 3 to 6 months,
depending on thejoint involvement [52-54].

In infants and children with uncomplicated septic
arthritis (single joint involvement with rapid response
within 3to 5 days, resolution of bacteremiain 1-2 days, no

INDIAN PEDIATRICS

signsof late sequelae), thetreatment durationis dependent
on the clinical response to therapy and the suspected
organism. S pneumoniae, Hib, K. kingae and N.
gonorrhoeae aretreated with appropriate antibioticsfor 2-
3 weeks. Infections with S aureus and gram-negative
organisms are treated longer for 3-4 weeks [55-59]. If
there is associated osteomyelitis (complicated septic
arthritis), the duration of antibiotics would be as for
osteomyelitis. An MRI is the ideal imaging technique to
detect coexistent osteomyelitis. However, in resource-
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limited settings an X-ray of the affected joint to look for
bony changes consistent with osteomyelitismay bedoneat
the end of 2-3 weeks of therapy or before stopping
treatment.

10. MANAGEMENT OF CULTURE NEGATIVE
BJls

Recommendations

»  Werecommend continuing theinitial empiric regimen
in patientswith culture negative BJI, provided thereis
clinical response.

*  Whenthereisno growthin culture, all efforts should
be made to rule out tuberculosis and fastidious
organismsasone of the possibilities.

Rationale

Most of these BJls respond to empirical therapy with
cefazolin/ cefuroxime/cloxacillin. Duration of antibiotic
therapy depends on the response to antibiotics and
laboratory response using ESR and CRP. Once
inflammatory markers are normal and patient has shown
clinical improvement, antibiotics can be stopped [60]. In
patients who are not improving with the initial regimen,
repeat bone/ joint cultures should be obtained before
adding an MRSA cover/ broadening therapy. When there
isno growth in culture, al efforts should be made to rule
out tubercul osisas one of the possibilities.

11. FAILURE OF THERAPY
Recommendation

» Treatment failure should be suspected when there is
absence of clinical improvement after 72 hours of
antibiotic therapy, persistence of fever more than 72-
96 h duration, or its reappearance (unexplained by
other common causes), elevated WBC count and
raised CRP even after 7 days of antibiotic therapy, or
development of apathological fracture[60,61].

Common causes of treatment failure include
inappropriate drug and/or improper dose, drug resistant
organismsand lack of source control.

12. MANAGING A PATIENT WITH SUSPECTED
TREATMENT FAILURE

Recommendations

*  We recommend repeating blood/ bone/ tissue/ pus
cultures, MRI imaging for assessing metastatic
infection/ subperiosteal abscess, and evaluation for
DVT in patientswith treatment failure.

e Treatment will depend on the underlying cause of
treatment failure and may include upgradation or
change of antibioticsand surgical intervention.

INDIAN PEDIATRICS
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Rationale

A delay in the diagnosis and initiation of appropriate
treatment can lead to potentially devastating morbidity
including sepsis, chronic infection, disruption of
longitudinal bone growth and angular deformity.

13. LONG-TERM FOLLOW UP OF A CHILD WITH
BJls

Recommendations

e Werecommend follow up by orthopedic surgeonsand
pediatriciansat 2 weeks, 4-6 weeks, 3 months, and 12
monthsafter discharge[62].

* Close monitoring of the range of motion at joint and
limblength should bedone.

e Pain-free normal activity is one of the important end
pointsto consider prior to dischargefromfollow up.

e Theneedfor radiological investigationsduring follow
up should be decided by the orthopedic surgeon on a
case-to-casebasis.

Rationale

Early diagnosis and appropriate treatment are associated
with an excellent outcome of BJIsin children. Common
sequelae include limping gait, dysmetria, chronic pain,
stiffnesswith or without the presence of growth arrest, leg
length discrepancy and deformity. Parentsand caretakers
should be educated to look for signs such as limp, pain,
deformity or leg length difference and to seek early
medical attention if any concernsirrespective of scheduled
appointments[63].

In the true sense, the long term follow up starts with
normalization of inflammatory markers (ESR and CRP)
and after cessation of antibiotics, both parenteral and oral.
Clinically this is evidenced by the child waking and
playing without pain and limp. Intheinitial period, blood
investigationsfor inflammatory markersand radiographs
should be included. Clinical examination during every
visit, whilst carefully looking for sequelae is very
important. If epiphyseal arrest is suspected, an MRI with
or without CT scan of affected physis is recommended.
Customization may bedictated by the causative organism;
certain organisms such as Salmonella, MRSA or Panton-
Valentine-Leucaocidin (PVL) producing bacteriawill need
acloser follow up asthey are associated with ahigher rate
of complicationsand/or sequelaelike DVT [62,64].
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Minipuberty is a transient postnatal hypothalamic-
pituitary-gonadal (HPG) axis reactivation following
withdrawal of the maternal estrogens. Minipuberty inmale
infants, promotes early penile growth, an increase in
testicular size, completion of testicular descent (if not
already completed at birth), and increase in growth
velocity. The increased testicular size results from the
lengthening of seminiferous tubules with a concomitant
increase in the total numbers of germ cells and Sertoli
cells. Absent or diminished minipuberty in male infants
with congenital hypogonadotropic hypogonadism (CHH)
is associated with reduced reproductive function during
adulthood. Hence, priming of thetestisduring minipuberty
seemscrucial for futurefertility [1].

Minipuberty providesawindow of opportunity for the
evaluation of gonadal disorders and disorders of sex
development (DSD) without the need for dynamic testing
[2]. In mae infants with cryptorchidism, and/or
micropenis, evaluation during minipuberty facilitatesearly
diagnosis. Serum gonadotropins and testosterone levels
are lower in CHH during minipuberty whereas gonado-
tropinsare elevated in anorchiaand Klinefelter syndrome
[2]. Diagnosis of these disorders during infancy provides
early therapeutic opportunities. In CHH, induction of
minipuberty with gonadotropin therapy during infancy
increasesthe potential for futurefertility [3]. In Klinefelter
syndrome, though not encouraged for routine use,
testosterone therapy during infancy has positive benefits
on body composition, phallic enlargement, and linear
growth [4].

Interestingly, the minipubertal pattern may completely
differ from the pubertal one in some conditions. For
example, in complete androgen insensitivity syndrome,
minipuberty isabsent in contrast to elevated androgen and
luteinizing hormone levels seen during puberty [2].
Besides, some common factorslike prematurity may also
alter minipuberty. Earlier and exaggerated minipuberty in
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preterm (PT) than full term (FT) infants have been well-
described in Caucasians [5]. However, the data on
minipuberty in Asians especially Indians, a unique and
ethnically diverse population, islacking.

In this issue of Indian Pediatrics, Danda et d
described the patterns of minipuberty in FT and PT south-
Indian infants by ng the urinary hormonal profile
and genital examination [6]. They noted an earlier and
exaggerated minipuberty with faster phallic and testicular
enlargement in Indian PT infants compared to those born
at term gestation. Lower urinary follicle-stimulating
hormone (FSH) on day 7 of life and higher luteinizing
hormone (LH) and total testosterone (TT) throughout the
first 4-6 months of lifein PT infants were also observed
[5,6]. All these observationsarein aclose agreement with
Finnish data[5] indicating no/minimal ethnic differences
in minipubertal patterns of thetwo populations. However,
theincrement in phalliclength during thefirst month of life
was noticeably different between the Indian and Finnish
PT infants [5,6]. The increase in nonstretched penile
lengthin Finnish FT infantswas maximum during thefirst
month of life with subsequent plateauing whereas it was
gradually progressivetill 5 monthsof lifein PT infants. A
slower increase in penile length during the first month in
Finnish PT infants was associated with lower levels of
urinary free prostate-specific antigen indicating an
impeded androgen action [5]. In contrast, theincrease in
penile length in Indian PT infants was maximum during
thefirst month of life[6]. PT infants showed asignificant
mean percentage increase in SPL (20% vs 13.3%; P <
0.001) at one month in comparison with FT infants. This
observation needsfurther validation to verify whether this
representsan ethnic-specific difference.

A study from Japan reported higher LH but lower FSH
urinary concentrations in PT small for gestational age
(SGA) infantsthan their appropriate e for gestational age
(AGA) counterparts[7]. Another study from Sweden also
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reported higher total testosterone at birth and 0-month
corrected age in moderate and late preterm infants with
birth weight < 2500 g than thosewith birthweight > 25009
[8]. These two studies suggest an effect of intrauterine
growth retardation on minipuberty. As demonstrated in
recent studies from Poland, maternal factors such as
vitamin D deficiency (exaggeration) and hypothyroidism
(dampening) may also affect minipuberty [9,10]. Hence,
further exploration of the common factors that may alter
minipuberty iswarranted.

Pubertal/minipubertal testosterone level is usually
noted on thefirst 1-2 days of postnatal life, the usual time
when DSD neonates areidentified with atypical genitalia
[11]. This period may offer the earliest opportunity for
hormonal evaluation of 46, XY DSD. However, the studies
by Danda et a [6] and Kuiri-Hunninen et a [5] have not
evaluated urinary gonadotropinsduring thisperiod of life.
A recent study from Italy has reported urinary
gonadotropins and testosterone during <72 hours of life
[12]. Interestingly, testosterone was higher during this
period than any other period of minipuberty and thiswas
despite relatively lower gonadotropins. More inter-
estingly, urinary testosteronewashigher in FT infantsthan
PT infants during this period, but it reversed at > 30 days
of life [12]. This interesting phenomenon of contrasting
trends in testosterone levels between PT and FT infants
also needsfurther exploration.

Measurement of gonadotropins in urine, a more
convenient sampling method, has been used not only to
predict, diagnose, and monitor precocious puberty but also
to evaluate delayed puberty [13,14]. Dandaet a used the
measurement of gonadotropinsand testosteronein urineto
eval uate minipuberty, which suggestsitspotential utility in
theinterpretation of minipuberty [6]. Most of the previous
studies have used immunofluorometric or immune
chemiluminescence assayswhereas Dandaet a haveused
enzyme-linked immunosorbent assay (ELISA) which is
not a commonly used method for measurement of
gonadotropins and testosterone[6]. Hence, future studies
evaluating minipuberty in Asian Indian infants using the
commonly used immunoassays with the establishment of
reference ranges for urinary gonadotropins and
testosterone are warranted.

Funding: None; Competing interests: None stated.
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ABSTRACT

Obj ectives: To study thedifferencesin thetiming and magnitude of postnatal urinary gonadotropinsand testosterone secretion during
minipuberty in Indian preterm (PT) and full-term (FT) maleinfants.

M ethods: This prospective observational study included 30 PT and 60 FT maleinfants. Urinary luteinizing hormone (LH), follicular
stimulating hormone (FSH), and testosterone, and stretched penilelength (SPL) and testicular volume (TV) were measured on day 7,
first month, second month, fourth month and at six months of age.

Results: The highest elevation of mean (SD) urinary LH wasobserved in PT infantsin comparisonto FT infants[12.6 (1.4) vs4.9 (0.6)
plU/mg, respectively; P <0.001] inthefirst month. FSH levelswerelower in PT than FT infantsonday 7 (P < 0.001). Testosteronewas
significantly elevated in PT than FT infants[70.8 (5.6) vs44.6 (3.2) ng/mg; P < 0.001] with agreater mean percentageincreasein SPL
(P<0.001) and TV (P < 0.001) by thefirst month.

Conclusions: Indian PT maleinfants showed agreater increasein urinary LH and testosterone, with afaster increasein SPL and TV.

K eywor ds: Maleinfants, Minipuberty, Preterm, Sretched penilelength, Urinary gonadotropin

INTRODUCTION

The hypothalamic-pituitary-gonadal (HPG) axis is
transiently activated in three phases of life. The first is
during thefetal period, the second is during neonatal and
early infancy and thethirdisduring puberty at adolescence
[1]. At birth, theinhibitory effect of the placental estrogens
on the gonadotropin-rel easing hormone (GnRH) neurons
islost leading to the activation of the HPG axisduring the
neonatal and early infancy period[2]. Thisisreferredtoas
minipuberty and was first described by Forest et a [3].
Minipuberty occursin both sexeswith peak gonadotropins
between thefirst to third month of infancy. Thereisaclear
sexual dimorphism, with the luteinizing hormone (LH)
being higher in boys and follicle stimulating hormone
(FSH) being higher in girls. LH returns to prepubertal
values (<0.3 IU/L) within 6 months in both sexes.
However, FSH takes 3-4 years to return to baseline in
females. The surge of gonadotropinsleadsto anincreasein
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testosteronein malesand estradiol infemalestrandating to
penileandtesticular growthin boysand breast and uterine
development infemales, respectively [4]. Theexposureto
gonadal steroids in males leads to differences in body
composition with a greater fat-free mass and a higher
growth vel ocity in comparison with females[5]. However,
the importance of minipuberty in females is yet to be
ascertained. Al so, the consegquence of HPG axisactivation
on future reproductive potential is not known. Mini-
puberty presents with a unique window of opportunity to
diagnose congenital hypogonadism and disorders of sex
development [6].

Data on hormonal changes in minipuberty in preterm
(PT) babies are scarce. Prior studies demonstrated an
exaggerated minipuberty responsein PT malesleading to
faster penileand testicular growth [7]. Hyperandrogenism
occurring asan adaptive response may adversely affect the
programming during early devel opment posing a greater
risk for future cardio-metabolic disorders [5,7,8]. Mini-
puberty may be affected by ethnicity; studies on mini-
puberty from India are scant. Therefore, the main
objective was to study the differences in the timing and
magnitude of postnatal urinary gonadotropin and testo-
sterone secretion in Indian PT and full-term (FT) male
infants.
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METHODS

This prospective, observational study was conducted at a
tertiary level hospital from March, 2019 to February,
2020. The procedures followed were in accordance with
theethical standardsand with the Helsinki Declaration of
1964, asrevisedin 2013. After obtaining informed consent
from their mothers, 30 PT (delivered at < 37 weeks
gestation) and 60 FT male infants were included in the
study. Neonatesrequiring level-3 careand thosewith gross
congenital abnormalities, ambiguousgenitalia, congenital
heart disease, liver disorders and renal disorders were
excluded. Participants were recruited from the postnatal
ward by simple random sampling and followed up for a
total of fivevisits. Visit 1 (V 1), corresponded today 7 (D7)
of life. Follow-up visit 2 (V2), visit 3 (V3), visit 4 (V4),
and visit 5 (V5) were done in months 1, 2, 4, and 6,
respectively. Appropriate follow-up was ensured through
telephonic reminders. Basic demographic data, anthro-
pometric measurements, and examination findings of
external genitalia were collected during each visit.
Measurements were taken by a trained pediatrician.
Testicular volume (TV) was measured by Prader's
orchidometer and stretched penile length (SPL) was
measured by atransparent rigid ruler. Peniswas stretched
and length was measured from the pubic symphysisto the
tip of the glans penis along the dorsal side of the penisto
theaccuracy of Imm. The pre-pubic fat pad waspushed to
the bone for accurate readings, an average of three
measurementswastaken.

Urinary analysis was considered for convenience as
multiple samples had to be collected over aperiod of time.
Spot urine samples were collected with the help of a
condom catheter into a plastic bag and were stored at - 70°
C till laboratory analysis. Urine LH was measured by
EL I SA based kits (DRG International) with anintra-assay
coefficient of variation (CV)% of 0.7% and inter-assay
CV% of 9.4%. Urine FSH was measured by EL | SA based
kits (Calbiotech) with an intra-assay CV% of 1.4% and
inter-assay CV% of 8.23%. Urine testosterone was
measured by EL | SA technique (Calbiotech) withanintra-
assay CV% of 2.91% and inter-assay CV % of 8.65%. All
the urinary samples were processed by Varioskan lux
multimode plate reader for measurement of LH, FSH, and
testosteronelevels.

Satistical analysis. Data were analyzed with Microsoft
Excel and Graph Pad Prism (version 7.0.4). The
categorical variables were presented as frequency and
percentages. Continuous datawere presented asmean and
standard deviation. Statistical analyses of the differences
inthe meansbetween the groupsand withinthegroup were
done by unpaired and paired student’s t-test respectively.
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Differenceswereconsidered significant if the P valuewas
<0.05.

RESULTS

A total of 60 FT and 30 PT maeinfantswererecruited in
thestudy. Out of atotal of 450 visits, 23 visitswere missed
(17/300 interm and 6/150 in preterm) with asuccessrate
of 94.8%. All the infants completed the study. Table |
showsthe birth characteristicsof PT and FT infantsat first
visit. Table Il shows the prospective and comparative
levels of urinary FSH, LH, testosterone and genital
findings.

The differences in mean urinary LH levels between
V1-V2,V2-V3,V3-V4,andV4-V5were +5.2, -4.2, -4.5,
and-1.8 ulU/mg among PT infantsin comparisonto +0.7,
-1.2, -2.3 and -0.8 plU/mg among FT infants. The
differencesin mean urinary FSH betweenV1-V2,V2-V3,
V3-V4,andV4-V5were+3,-1.7,-2.1, and -0.7 plU/mg, in
PT infantsin comparisonto-1,-1.1,-0.3,and-0.6 pulU/mg
among FT infants. Changes in the urinary testosterone
valuesmirrored the changesin LH valueswith apeak at V2
which was similar in both FT and PT (Table I1). The
average changein testosterone level shetween visitswere
+20.2, -15.2, -31, and -17.7 ng/mg in PT infants in
comparison to +24.6, -20.4,-9.4, and -7.2 ng/mg among
FT infants. The sequential changesin SPL in PT and FT
infants are shown in Table II. The increment in the
testicular volumewas nonlinear, with amaximum increase
insize seen betweenV1and V2in both groups. PT infants
showed a significant mean percentage increase in SPL
(20% vs 13.3%; P < 0.001) and TV (60% vs 30%; P <
0.001) at VV2in comparisonwith FT infants.

DISCUSSION

Thisstudy demonstrated an earlier and exaggerated rise of
urinary LH and testosterone in Indian PT maleinfantsas

Table | Birth Characteristics in Preterm and Term Male
Infants

Variables Preterm(n=30) Term(n= 60)
Maternal age (y) 25.6(3.35) 25.8(3.85)
Modeof delivery?

Vaginal 20 (66.6) 45(75)

El ective cesarean section 6 (20) 12 (20)

Emergency cesarean section 4 (13.4) 3(5)
Gestational age (week)P© 33(32-33) 38(38-39)
APGAR score (5 min)o<¢ 8(7-8) 9(8-9)
Birthweight (kg)° 1.5(0.19) 3.1(0.19)
Birth length (cm)© 43(3.25) 49.9 (1.4)

Data expressed as mean (SD), 2n (%), median (IQR). °P <0.001
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Table |1 Comparison of Urinary Gonadotropins, Testosterone, and Genital CharacteristicsAmong Preterm and Term Male

Infants
\isits Preterm(n= 30) Full-Term(n= 60)
LH FH Testosterone SPL TV LH FH Testosterone SPL TV
(WU/mg)  (IU/mg)  (ng/mg) (cm) (mL) (HIU/mg)  (WIU/mg)  (ng/mg) (cm) (mL)
Visitl 75(1.42 4(0.8) 50.6(6.6)2 25(0.1) 1.0(0.1)2 4.3(0.7) 49(05 20(54) 3.0(0.2) 13(0.4)
Visit2 12.7(1.4)2 7(0.6)2 70.8(56)2 3(0.1) 16(04) 5(0.6) 39(05) 446(32) 34(0.3) 17(0.4)
Visit3 85(1.0@ 53(0.6)2 55.6(3.1)2 3.3(0.1) 2(0.4) 38(05 28(04) 24239 37(0.3) 21(0.4)
Visit4  4(0.4) 32(04) 24.6(25) 35(0.2) 23(04)2 15(03) 25(03) 148(22) 39(03) 24(04
Visits 22(03) 25(0.2) 6.9(15) 35(0.1) 24(04) 0.7(.1) 19(.4) 7.6(149 39(0.3) 25(0.2

Data presented as mean (SD) based on 95 % completed visits. 8P < 0.001, P> 0.05: All comparisons between PT and FT. LH Luteinizing hormone,
FSH Foallicle stimulating hormone, SPL Sretched penile length, TV Testicular volume

compared to FT infants during minipuberty. Therewas a
significant increase in SPL and TV among PT infants by
theend of thefirst month.

Urinary gonadotropins were utilized for the assess-
ment of minipuberty in the present study as it is non-
invasive and convenient for repeated measurements. A
recent Indian study demonstrated a good correlation
between serum and urinary gonadotropins[9]. Therewasa
significant elevation of LHin PT infantsasearly asday 7,
suggesting the possibility of an earlier onset of mini-
puberty. The highest elevation of LH was observed by the
end of first month in both groups; with the magnitude
being greater in PT infants (12.7 pulU/mgvs5plU/mg). An
earlier Australian study established reference ranges for
serum LH and serum FSH in premature newbornstill 43
days after birth [10]. The mean LH levels were higher in
PT infantsin the present study in comparisontothe earlier
study [10]. Different ethnicity and assays may be the
reason for thisdiscrepancy. After thefirst month, therewas
agradua declinein LH levelstill 6 months in both the
groups. However, at theend of 6 months, LH levelswerein
thepuberta range(i.e., > 0.31U/mL) in PT infantssugges-
ting aprolonged minipuberty. Testosterone declined from
first month onwardsto pre-pubertal valueshby theend of 6
monthsin both groups. Theresults of thisstudy conformto
the earlier observationsof higher testosteronelevelsin PT
than FT infants[7]. Initial urinary FSH levelswere higher
inFT maeinfants. However, from first to third month, PT
infantshad significantly higher FSH levels. Themean FSH
levelsobserved at first month were significantly higher in
PT malesinthisstudy ascompareto another study (5 pulU/
mg vs 1.1 ulU/mg) [10]. There was a steady declinein
FSH levelsamong FT infantsreaching pre-pubertal values
by six months (i.e. < 0.3 IU/mL). Postnatal HPG axis
activation lays an important role in the completion of
genital development, the lack of which may lead to poor
penile growth and cryptorchidism.
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Thehigher LH and testosteronelevelsobserved in PT
boys may be amechanism to complete penile growth and
testicular descent. However, the mechanisms of exagge-
rated minipuberty in preterms are not known. An earlier
Indian study, reported gestational age-wisereferencesfor
SPL and TV [11]. Themean SPL of PT infants (born at 32-
33weeksgestation) wassimilar tothe present study at V 1.
The maximum mean percentage increment in SPL was
observed in the first month that was greater in PT infants
than to FT infants. This could be attributed to an exagge-
rated testosteroneelevationin PT infants. Themean TV at
V1inPT infantswas greater in this study as compared to
the earlier Indian study [11]. The difference can be
attributed to the usage of plasticineellipsoid crafted using
water displacement method with smaller volumesranging
from 0.2 mL to 0.9 mL [11]. The maximum mean
percentageincreasein TV occured in the first month was
twicegreater in PT infantsin comparison with FT infants
inthisstudy asalso observed in an early study [7]. Asthe
incidence of prematurity isincreasing, itsassociation with
lower reproductive rates in men and women is being
investigated [12].

A sudy from Denmark, evaluated reproductive
hormonesduring minipuberty in healthy infantsand inthose
with disordered sex devel opment [ 13]. Inthe current study,
PT infants had sgnificantly higher androgen levels in
comparison to FT infants. The long-term consequences of
thisvariation arenot known. A Finnish study on minipuberty
found that testosterone may have an effect on
neurobehaviora development during early infancy [14].
According to the Developmental Origins of Health And
Disease (DoHAD) theory, many chronic adult diseaseshave
their origin during early development. The associa-tion of
exposure to higher androgens during infancy risk of future
metabolic disordersin adulthood needsto be eval uated.

There are afew limitations of our study. The sample
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comparison to full-term infants.

WHAT THIS STUDY ADDS?

There is an earlier and stronger activation of the hypothalamic-pituitary-gonadal axis in preterm male infants in

sizewas small and hormonal analysiswasdoneon urinary
samples rather than serum. ELISA was used instead of
newer assaysfor hormonal estimation. Testicular volume
was measured by Prader’'s Orchidometer rather than
ultrasonography.

To conclude, minipuberty occurred earlier with a
greater magnitude, leading to afaster increasein SPL and
TV in Indian PT male infants than FT infants. Further
studieswith alarger samplesizeareneeded to establishthe
normative data in the Indian population and evaluate the
association of of hyperandrogenism and future risk of
metabolic disordersduring adulthood in PT infants.
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Physical Activity, Sedentary Behavior, Sleep and Screen Time of Healthy Under-Fives
Attending Selected Immunization Clinicsand Anganwadisof South Kerala, India

TP Sreelakshmi, Priya Sreenivasan, Ajith Krishnan
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ABSTRACT

Objective: To estimate the proportion of healthy under-fiveswhose physical activity, sedentary behavior, sleep and screentimeadhered
to WHO 2019 recommendations and to identify risk factorsfor non-adherence.

Methods: A cross-sectional study was conducted among 480 healthy children (6 mo - 4 years) who attended 20 selected urban
anganwadis or immunization clinicsin South Kerala, India. Sociodemographic, anthropometric and outcome variables (duration of
physical activity, sedentary behavior, sleep and screentime) were collected for all participants.

Results: Physical activity, sedentary behavior, sleep and screen time recommendations were adhered by 63.3%, 22.7%, 82.2% and
22.7% under-five children, respectively. Risk factors for inadequate physical activity were female sex, nuclear family, maternal
education below collegelevel, unskilled maternal occupation/housewife, unskilled paternal occupation and low monthly income. Risk
factorsfor non-adherence to recommended sedentary behavior duration included joint family, paternal education collegelevel/above,

unskilled maternal occupation/housewife, unskilled paternal occupation and low monthly income.

Conclusion: Under-fives should reduce sedentary behaviors and screen timeand spend moretime on physical activities.

K eywor ds: Infant, Toddler, Obesity, Preschool, Recommendation

INTRODUCTION

Being overweight and obese starts in infancy and early
childhood and tracks to adolescence and adulthood. In
India and Kerala, 3.4% and 4% of under-fives are
overweight asper Nationa Family Health Survey (NFHS)
5 [1,2]. World Health Organization (WHO) published
recommendations in 2019 on the duration of physical
activity (PA), sedentary behavior (SB), sleep time (ST)
and screen time (ScrT) in a 24-hour day for under-fives
[3]. Paucity of evidence on PA, SB, ST and ScrT among
under-fivesin Kerala, where overweight and obesity are
growing concerns, wasthebasisfor thisstudy. Our primary
objectivewasto estimate the proportion of healthy under-
fives attending the anganwadis and immunization clinics
inwhom PA, SB, ST and ScrT adhered to the WHO 2019
recommendations [3]. Secondarily, risk factors of non-
adherencewerealsoidentified.
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METHODS

After approval from the Department of Women and Child
Development, Government of Kerala, and Ethics
Committee, a cross-sectional study was conducted from
September 2021 to August 2022. Twenty anganwadis /
immuni zation clinics of an urban integrated family health
center wererandomly sampled from atotal of 111 centers.
All healthy children between 6 months and 4 years
attending these centerswereincluded.

The estimated prevaence (24.4%) of preschoolers
meeting ScrT recommendations in Canadian Health
Measures Survey was utilized to calculatethe samplesize
[4]. With an absol ute precision of 5% and adesign effect of
1.5, samplesizewas cal culated as 450.

Socio-demographic characteristics (age, sex, parental
education and occupation, type of family and socio-
economic status as per the modified Kuppuswamy Scale
2021) and anthropometric parameters were collected.
Outcomevariablesweredefined asfollows: PA- at least 30
minutes of tummy time/ floor-based play with building
blocks, dalls, balls or utensils (6 mo - 1y), at least 180
minutes of moderate to vigorous activity like crawling,
walking, running, jumping, pretend play, climbing in
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through and over objects, dancing and riding wheel ed toys
(1-4 y); SB- not more than 1 hour restrained in a pram/
high chair/ carried by caregiver (6 mo-4y) or activitieslike
lying down, listening to music/stories, using electronic
devices and coloring; ST- both night and daytime naps of
at least 12-16 hours (6 mo-1y), 11-14 hours (1-2 y) and
10-13 hours(3-4y); ScrT- time on television, computer or
mobile devices; 0 minute (6 mo-2Yy), not to exceed 1 hour
(2-4y). Overweight (above +2 Z) and obesity (above +3
Z) were defined as per WHO (2006) weight-for-height Z
score charts for children aged 0-5 y. Children were
grouped as 6 mo-1y, 1-2 'y, 2-3y and 3-4 y. Outcome
variables were dichotomized (adhered to recommended
duration or not).

Effortsweretaken to addresstheanticipated recall bias
and subjectivity of outcome variables. To €licit the time
spent on different activities, a big circle depicting a 24-
hour day was drawn and shown to the caregiver. ST in
hourswas shaded inthecirclefirst followed by ScrT. Time
spent on feeding, bathing and carrying out other basic
necessitieswere shaded next. Play and sedentary activities
wereidentified and shading of circle completed.

Satistical analysis: Descriptive statistics was used and
analysiswasdone by using SPSSversion 26. Association
between proposed risk factorsand outcome variableswas
analyzed with Chi sguare test and odds ratios with 95%
confidence intervals were caculated for al such
statistically significant risk factors.

RESULTS

The study flow chart is depicted in Fig. 1. Baseline
characteristics of 480 children of different age groupsare
givenin Tablel. Distribution of 480 healthy under-fives
who adhered to the recommended duration of PA, SB, ST

PHYSICAL ACTIVITY, SEDENTARY BEHAVIOR, SLEEP AND SCREEN TIME OF UNDER-FIVES

and ScrT were 304 (63.3%), 109 (22.7%), 395 (82.2%)
and 109 (22.7%), respectively (Tablell). Interactive play
of infants (6 months-1 year) was mostly with mother
(41.5%) followed by siblings (23.3%), grandparents
(22.5%) and father (12.5%); beyond infancy, interactive
play was mostly with siblings (48.1%) followed by
grandparents (22.1%), mothers (21.6%) and fathers (4%).

Significant risk factors of non-adherence to
recommended PA were female sex (P = 0.005, OR 1.6,
95% Cl 1.1-2.4), nuclear family (P = 0.001, OR 2.6, 95%
Cl 1.3-5.0), maternal education below collegelevel (P =
0.027, OR 1.4, 95% CI 1.01-2.1), maternal occupation
unskilled/nil (P = 0.001, OR 2.08, 95% CI 1.3-3.3) and
paternal occupation unskilled/nil (P = 0.001, OR 1.8, 95%
Cl 1.3-2.7). Significant risk factors of non-adherence to
recommended SB were joint family (P = 0.001, OR 1.8,
95% CI 1.3-2.7), maternal occupation unskilled/nil (P =
0.027, OR 1.7, 95% CI 1.01-3.0), paternal occupation
unskilled/nil (P = 0.001, OR 3.2, 95% Cl 2.0-5.2) and
paternal education of college level and above (OR 1.8,
95% CI 1.2-2.9). Low monthly family income was a
significant risk factor for non-adherenceto recommended
PA (P = 0.001), SB (P = 0.001) and ST (P = 0.006).
Obesity/overweight was associated with less than
recommended ST (P =0.024, OR 1.9, 95% CI 1.08-3.35)
and more than recommended ScrT (P = 0.009, OR 2.5,
95% Cl 1.24-5.36).

DISCUSSION

Twenty-four-hour movement and active play guidelines
for early years by Canada [5], Australia [6] and New
Zedland [7] and guidelines on screen time and digital
wellness in infants and children by Indian Academy of
Pediatrics(IAP) [8] weresimilar to that given by theWorld

111 Anganwadis of an Urban Health Training Centre

Simple cluster sampling

15 Anganwadis/imm

unization clinics

Excluded (n = 38)
No consent - 17
Any illness- 13
Chronic disease - 8

J J J A}
2-3y 3-4y 6mo-1y 1-2y
(n = 120) (n = 120) (n = 120) (n = 120)

Fig. 1 Flow chart depicting sel ection of participantsin the study
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Tablel BaselineCharacteristicsof Children
Characteristics 6mo-1y(n=120) 1-2y(n=120) 2-3y(n=120) 3-4y(n=120)
Sex Mae 64 (53.3) 69 (57.5) 63 (52.5) 63 (52.5)
Maternal Education College 75 (62.5) 77 (64.1) 67 (55.8) 58 (48.3)
School / +2 45(37.5) 43(35.9) 53(44.2) 62 (51.7)
Maternal Occupation Skilled/Professional 41 (34.2) 28(23.3) 33(27.5) 12(10)
Unskilled/nil 79 (65.8) 92(76.7) 87 (72.5) 108 (90)
Paternal Education College 60 (50) 57 (47.5) 65 (54.2) 37(30.8)
School / +2 60 (50) 63 (52.5) 55 (45.8) 83(69.2)
Paternal Occupation Skilled/Professional 99 (82.5) 64 (53.3) 48 (40) 41 (34.2)
Unskilled/nil 21(17.5) 56 (46.7) 72 (60) 79 (65.8)
Socio-economic Scale*  Upper 19(15.8) 21(17.5) 18(15) 6(5)
Upper middle 62 (51.6) 54 (45) 44 (36.6) 50 (41.6)
Lower middle 27(22.5) 21(17.5) 30(25) 54 (45)
Upper Lower 12 (10) 22(18.3) 26 (21.6) 10(8.3)
Lower 0 2(1.6) 2(1.6) 0
Monthly income (Rupees) > 30,000 111 (92.5) 91(75.8) 99(82.5) 113(94.1)
Nutritional status Overweight 9(7.5) 14 (11.6) 28(23.3) 16 (13.3)
Obesity 3(25) 0 2(1.6) 7(5.8)

Values expressed as n (%); @Modified Kuppuswamy Scale 2021

Health Organization (WHO) in 2019. A cross-sectional
study on 180 under-fives in a slum area of West Bengal
showed that 69.4%, 70%, 84.4% and 63.3% had PA, SB,
ST and ScrT as per theWHO guidelines[9]. Compared to
this, thelower percentages of children meeting the SB and
ScrT recommendationsin our study might have been due
to differing socioeconomic status. In SUNRISE Vietnam
pilot study, among 103 preschoolers, 50.4%, 81.4%, and
44.7% had PA, ST and ScrT as per WHO (2019) [10].
When compared to our study population, children of
SUNRISE study had less PA but adhered to ScrT
recommendations more. A Canadian study on 151 babies
aged 12-23 months found that 99.3%, 82.1% and 15.2%
met PA, ST and ScrT as per Canadian guidelines[11]. In
our study, 81.6%, 89.1% and 11.6% of babies aged 12-23
months met PA, ST and ScrT as per WHO guidelines.
Compared to ours, all these studies had almost similar
percentages adhering to ST recommendations. Though we
expected infants to have less and toddlers and
preschool ersto have more PA upon achievement of gross
motor milestones, a fall in percentages adhering to
recommended duration of PA was noted among children
aged 6-12 months (100%), 1-2 years (81.6%), 2-3 years
(44.1%) and 3-4 years (27.5%). A fall in percentages of
PA, 1-2 years (100%), 2-3 years (60.6%) and 3-4 years
(69.3%), were noted in the study conducted in West
Bengal too [9]. Compared to our study, risk of inadequate
PA was found to be more among under-fives without
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siblings in slum areas of West Bengal (OR 3.5, 95%Cl
1.78,6.9) [9]. Inour study, none of theinfantsand only 24-
34% of those aged 1-4 years adhered to recommended
duration of SB. Traditional practiceslikecarryingonarms
for long hours and modern practices like restraining on
chairs for long hours with electronic devices were
identified as SB in our setting. In West Bengal, SB was
found to be more among children without sibling (OR
4.69, 95% Cl 2.35, 9.36) [9]. The SUNRISE study
measured SB in 1071 preschoolers (3-5-year-olds) from
19 countries and found that 56% (7.4h) of their waketime
was spent sedentary [12]. Higher country income levels
and higher population density appeared to be stronger
drivers of observed differences in sedentary behaviors
among countries[12].

Beyond infancy, ScrT recommendations were
followed in less than 15%. An observational study
conducted among 369 I ndian children aged 15-18 months
showed that 99.7% were exposed to screen-based media
[13]. A systematic review among under-fivesrevea ed that
burden of ScrT was 21-98% in the middle-income
compared to 10-93% in the high-income countries [14].
Associated factors and correlates of ScrT were explained
using a socio-ecological model consisting of socio-
cultural  environment (neighborhood, government
regulations, season), child-care media environment
(access, regulation), caretaker-related and child-related

VoLUME 61—MARCcH 15, 2024



28 PHYSICAL ACTIVITY, SEDENTARY BEHAVIOR, SLEEP AND SCREEN TIME OF UNDER-FIVES

moderate/vigorous PA.

WHAT THIS STUDY ADDS?

* The proportion of healthy under-fives whose duration of physical activity, sedentary behavior, sleep and screen
time adhered to WHO 2019 recommendations were 63.3%, 22.7%, 82.2% and 22.7% respectively.

¢ Infants, toddlers and preschoolers should be encouraged to reduce SB and ScrT and spend more time on

Tablell Adherenceof Children (age-wise) to Recommended Dur ation of Physical Activity, Sedentary Behavior, Sleep Timeand

Screen Timeasper WHO Guidelines2019

6 mo-1y (n= 120)

1-2y(n=120)

2-3y(n=120) 3-4y(n=120)

PA (minutes) 150 (100, 200); 120 (100) 255 (202, 325); 98 (81.6)
SB (minutes) 180 (120, 225); 0(0) 105 (75, 150); 29 (24.1)
ST (hours) 13(11.6,14); 90(75)  12(12, 14); 107 (89.1)

ScrT (minutes) 0(0, 30); 63 (52.5)

90 (30, 120); 14 (11.6)

167 (146, 240); 53 (44.1) 130 (67, 190); 33 (27.5)
90(30,127); 41(34.1)  90(41, 150); 39 (32.5)
12(11,13); 105(87.5)  11(10, 12); 93(77.5)
105 (60, 180);15 (12.5) 120 (60, 210); 17 (14.1)

Values expressed as median (IQR), n (%). Physical Activity (PA), Sedentary Behavior (SB), Seep Time (ST) and Screen Time (ScrT)

factors (demographic, behavioral, biological) [14]. Inour
setting, ST recommendations were adhered by 75% of
infantsand 77.5-89.1% of children aged 1-4 years. A meta-
analysis(including studies conducted before 2019) looked
into the associations of ScrT, SB, PA with ST among
under-fivesand found that ScrT was negatively correlated
with ST (pooled correlation coeeficient -0.09, 95% ClI -
0.17, -0.01; 12 = 90%, P = 0.04) [15]. The systematic
review included original articlesfrom NorthAmerica(n=
10), Europe(n=7),Australia(n=5) andAsia(n=38) [15].
The proportion of overweight among our participants
(13.9%) was three times more than that from NFHS-5
(4%); burden stood highest among 2-3-year-olds.
Overweight/ obesity was significantly associated with
non-adherenceto recommended duration of ST and ScrT;
temporality could not beidentified.

Our study had a few limitations. Though planned in
2019-20, we conducted the study during the post-COV ID-
19 lockdown phase (2021-22) after re-opening of
anganwadis. Results have to beinterpreted in this unique
context. The global effect of COVID-19 on PA, SB, ST
and ScrT among 948 preschoolersresidingin 14 countries
showed that PA and ScrT levels of children from low and
middle-income countries have been less impacted than
from high-income countries [16]. Subjective nature of
parental reporting and possible recal bias were
anticipated asalimitation. Hence, questionswere asked in
multiple ways and answers interpreted by a single
interviewer logically. The strength of our study includes
community setting and singleinterviewer.

Our results of under-fivesattending urban anganwadis

INDIAN PEDIATRICS

and immunization clinics are generalizable to similar
Indian community settings. Awareness of parents, care-
givers and community heath care workers on
recommended duration of PA, SB, ST and ScrT isavery
strong felt need. Infants, toddlersand preschool ers should
be encouraged to reduce SB and ScrT and spend moretime
onmoderate/vigorous PA.
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ABSTRACT

Objective: To compare the effect of companion presence versus midwife presence during skin-to-skin contact (SSC) at birth on
maternal anxiety and satisfaction, and neonatal physiological parameters.

M ethods: A randomized controlled trial was conducted on 92 pregnant women who were randomized to provide SSC to their newly
bornsfor one hour postpartum, in the presence of acompanion (study group) or amidwife (control group). Maternal anxiety (using the
Visual Analogue Scale) and the neonatal physiological parameters (including temperature, heart rate, and oxygen saturation) were
assessed in four stagesviz., immediately after birth, and at 30, 60 and 90 minutes after birth. Maternal satisfaction wasalso evaluated
after transferring the mother to the postpartum ward.

Results: Weanalyzed 86 mother-infant dyads (43 per group). Having acompanion significantly reduced maternal anxiety after birth as
compared to having amidwife at 30, 60, and 90 minutes after birth (P =0.04, P =0.01, and P = 0.04, respectively). Therewasalso a
small to medium effect size of the presence of companion compared to midwifeintermsof maternal anxiety at 30 minutes(Cohen'sd=
0.45; 95% Cl =0.02, 0.87), 60 minutes (Cohen’sd = 0.52; 95% CI =0.08, 0.94) and 90 minutes after birth (Cohen’sd =0.45; 95% Cl =
0.02, 0.88). However, there was no significant effect of the same on neonatal physiological parameters. Having acompanion versusa
midwifeled to higher maternal satisfaction rates (P = 0.02); 65.1% of mothersin the study group and 37.2% of mothersin the control
group were desirous of the same careinfuture (P =0.02).

Conclusion: Companion presence during SSC leadsto asignificant reduction in maternal anxiety compared to midwife presence.

K eywor ds: Kangaroo mother care, Outcome, Oximetry, Satisfaction
Trial registration: IRCT20200120046200N2

INTRODUCTION onthemothering role, and affectsthe maternal attentionto

Childbirthisamajor life event, and the postpartum period thebaby and thesuccessiul breastfeeding [1].

plays a major role in the occurrence of maternal anxiety
[1]. Incidence of serious postpartum anxiety isoften higher
than 17%[2,3]. Thefirst two hours after birthisacritical
period for the mother-infant dyadic interaction as it can
lead to positive or negative psychological outcomes [4].
Postpartum anxiety can also have negative consequences
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Postpartum anxiety is affected by many factors,
including theclinical environment surrounding childbirth.
Strategies aimed at mitigating postpartum maternal
anxiety include social support, psychotherapy, cognitive
behavioral interventions, medications and physical
exercise[5,6]. Policieslikeskin-to-skin contact (SSC) and
companion support can reduce anxiety. SSCisone of the
reguirements highly recommended by the World Health
Organization (WHO) in promoting the health of both
mothers and neonates[7]. Furthermore, it isan important
component of care, which startsimmediately after birth up
to at least one hour or until breastfeeding initiation [8,9].
Thepositive effect of SSC on maternal stressand anxiety,
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physiological stability of the neonate, increasing the
breastfeeding duration, the brain growth and devel opment,
and aso attachment of mother and neonate has been
reported in various studies [7,10,11]. Despite the
increasingly robust evidence regarding the maternal and
neonatal benefits of SSC, it is not implemented
universally. In asystematic review, Abdulghani et a [12]
found awide range of SSC prevalenceimmediately after
birth ranging from 1% in Tanzania to 98% in Croatia.
There are many facilitators and potential solutions for
ensuring implementation of promoting SSCincluding the
use of a companion for the mother during labor or after
birth, who does not necessarily haveto beahighly skilled
person; rather she/he can be arelative or atrusted friend
with whom the mother keeps the baby during the
SSC implementation [13]. Inthisstudy we compared the
effect of presence of acompanion versusthat of amidwife
during labor on maternal anxiety and satisfaction and
neonatal physiological parametersduring SSC.

METHODS

This parale group, randomized controlled trial was
conducted between July and September, 2020inAmir Al-
Momenin Hospital, Zabol University of Medical Science,
Sistan and Baluchestan Province, Iran. The study
population consi sted of mother—baby pairsadmitted tothe
labor ward of the hospital. The study was approved by the
Ethics Committeeof Iran University of Medical Sciences,
and the research protocol was registered in the Iranian
Registry of Clinical Trials. Written consent was obtained
by the investigator from all the mothers who passed the
initial eligibility screening.

Sample size calculation was based on a study by
Nobakht and Safdari [14] and on the assumption that the
effect size of the presence of companion and midwifein
the process of SSC on each of the variables of maternal
anxiety, satisfaction and neonatal physiol ogic parameters
isatleast 0.5[15]. Considering a 10% attrition rate, power
of 90% and 95% confidence interval, a sample size of 46
mother—baby pairswas estimated for each group.

Weincluded mothersaged 18-45 yearswith singleton
pregnancy delivering at > 37 weeks' gestation. Mothers
with unwanted pregnhancy, complications of pregnancy/
delivery (e.g., pregnancy induced hypertension,
gestational diabetes), maternal illnesses (medical and/or
mental), with reports of fetal anomaliesin sonography, and
presence of COVID-19 infection of the mother or
companion were excluded. Mothers needing analgesia
during delivery, delivering by cesarean section, with
prolonged or arrested labor, fetal distress, grade-3 and
grade-4 perineal tears, postpartum hemorrhage, requiring
manual removal of placenta, neonatal birth weight less
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than 2500 g or more than 4500 g, one- and five-minute
Apgar scoreslessthan 7, neonateswith medical problems
or anomalies, and with any factors leading to disconti-
nuation of SSC were a so excluded.

After admissiontothelabor ward, eigiblemotherswere
randomly assigned to either of the two groups, viz, SSCin
the presence of a companion (study group) or a midwife
(control group) using quadruple 1:1 web-based block (http:/
mwww.randomization.com). The randomization code was
generated by the project statistical consultant and allocation
concealment was ensured as the assignment sequence
remained with this statistician. The researcher determined
the group to which the mother was to be assigned through
short messaging service or phone call. Although it was not
possible to ensure hinding of the participants or the
researcher, the outcomes were assessed by a a research
assistant who was unaware of theresearch protocal.

At the beginning of the active phase, the mothers of
both groupswere explained about the purpose of the study,
technique of SSC and its advantages in a face-to-face
session over 20-30 minutes and in simple language.
Motherswere a so provided related reading material and
shown relevant video clips on a mobile phone. Any
questions of the mothers were answered prior to
enrollment, following which they were transferred to the
labor ward. Additionally, in the companion group, the
mother selected a female companion from among her
friends or family members. The companions were
explained about the danger signs in the neonates like
respiratory distress, low pulse rate shown on oximeter,
hypothermia (by touching), poor muscle tone, paleness,
and cyanosis, need for hand washing before any contact
with the neonate, technique of holding the baby during
SSC, technique of ng the neonatein prone position,
and preventing fall of the baby. Both groupsreceived usua
care throughout the labor and delivery. The infants were
delivered onthe mothers’ bare abdomen, dried, umbilical
cordwasclamped and cut, and breastfeeding wasinitiated.
Theinfant’shead was covered with acap and was covered
in awarm blanket after placing him/her on the mothers
chest with the head was placed between the mothers
breasts. SSC was started immediately under the super-
vision of theresearch team. The motherswere supportedto
provideuninterrupted SSC for one hour postpartum by the
companion (study group) or midwife (control group).

Datacollectiontool wasathree-part researcher-made
guestionnaire, including maternal demographic and
obstetric characteristics and neonatal physiologic
parameters.

Face and content validity were used to determine the
scientific validity of the tools. To assess the validity, the
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guestionnaires were given to three senior members of the
School of Nursing and Midwifery in order to do the
necessary modifications. Anxiety was rated on a visual
analogscale (VAS) of 1-10, with 10 being high anxiety and
1 being low anxiety [16]. The neonate’s heart rate and
oxygen saturation were recorded with a pulse oximeter
(Nellcor NBP-295).

The research assistant collected information on
maternal anxiety and neonatal physiologic parameters
including axillary temperature, oxygen saturation and heart
rate immediately, 30, 60 and 90 minutes after birth.
Maternal satisfactionwiththe careprovided and desirefor
thesame careinfuturewererated onaonascaleof 1to5
(1: completely dissatisfied to 5: completely satisfied);
responses were collected after the mother-infant dyads
weretransferred to the postpartum unit.

Satistical analysis: Data were analyzed using the SPSS
software (version 21). Chi squaretest, Fisher exact test and
Mann-Whitney test were used to compare qualitative
variables, while independent sample t test was used to
compare quantitative variablesintwo groups. Analysisof
variance with repeated measures was used for the
comparison of mean maternal anxiety and neonata
physiologic parameters over time. Repeated-measures
ANOVA was used to compare maternal anxiety scoreand
the neonatal physiological parameters (temperature, heart

ComPANION PRESENCE DURING SKIN-TO-SKIN CONTACT

rate, and oxygen saturation) in the two groups during
different times. Bonferroni test was used for making the
two-by-two comparisons of means. P valuelessthan 0.05
wasconsidered statistically significant. Partial eta-square
was used to caculate the effect size. Effect size
(standardized mean difference) of intervention was
reported based on Cohen’sd (null effect =0, trivial effect =
0-0.19, small effect = 0.2 = 0.49, medium effect = 0.5 —
0.79, largeeffect =0.8-1.19, very largeeffect = 1.2 - 2, and
huge effect > 2) [17].

RESULTS

We enrolled 92 prospective mothers, of which six mothers
were excluded before completing all stages of the study
(Fig.1). Thefinal analysiswas performed on 43 mother—
baby pairsin each study group. The baseline participants
characteristicsaregivenin Tablel.

Tablell showsthe changesinthe maternal anxiety at
different stages after birth. Immediately after birth, the
mean score of maternal anxiety was comparable between
thetwo groups. The companion group had lower maternal
anxiety scoresafter birth ascompared to midwife presence
at 30, 60, and 90 minutes after birth (P = 0.04, P = 0.01,
and P = 0.04, respectively). Asseenin Tablell, based on
Bonferroni test, maternal anxiety in both groupsin each
stage had a statistically significant decrease compared to

| Assessed for eligibility (n=104) |

—>|

Excluded (n=12)
Unwilling to participate (n = 12)

| Randomized (n=92) |

l

Allocated to midwife presence (n = 46)

» Received allocated intervention (n = 43)

« Did not receivetheallocated intervention
(postpartum hemorrhage, 5-minute
Apgar score<7, unwilling to continuethe
study) (n=3)

!

Losttofollow-up (n=0)
Discontinued intervention (n=0)

)

Analyzed (n=46) |

Allocation

Allocated to companion presence (n = 46)

» Received allocated intervention (n=43)

« Did not receivetheallocated intervention
(dueto companion absenceduring delivery,
postpartum hemorrhage, cesarean delivery)
(n=3)

¢

Losttofollow-up (n=0)
Discontinued intervention (n=0)

l

Analyzed (n=46) |

Fig. 1 Flow of participantsin the study
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Tablel Baseline Characteristicsof the Sudy Participants

Characteristic Companion Midwif
Presence Presence
Group (n= 43) Group (n= 43)
Maternal age (y)2 28.7 (6.0) 26.8 (6.01)
Paternal age (y)2 33.0(7.72) 31.0(8.38)
Maternal education
Iliterate 2(4.7) 4(9.3)
High school 21 (48.8) 20 (46.5)
Diploma 15(34.9) 14(32.6)
University 5(11.6) 5(11.6)
Paternal education
Iliterate 2(4.7) 2(4.7)
High school 20(46.5) 23(53.5)
Diploma 13(30.2) 14(32.5)
University 8(18.6) 4(9.3)
Financial status
Good 6(14) 2(4.6)
Moderate 11 (25.6) 10(23.3)
Weak 26 (60.4) 31(72.1)
Housewife 40 (93) 42 (97.7)
Paternal occupation
Unemployed 4(9.3) 5(11.6)
Worker 11 (25.6) 11 (25.6)
Employee 5(11.6) 6(14)
Self-employed 23(53.5) 21 (48.8)
Urban residence 21(48.8) 21(48.8)
Ethnicity
Fars 30(69.8) 27 (62.8)
Baoch 13(30.2) 16 (37.2)
GravidaP 3(2-49) 2(1-4)
Gestational age? 38.9(0.93) 38.9(1.06)
Completed delivery time 7.81(2.71) 8.39(2.41)
of the placenta(min)2
Birthweight (g)2 3094.18 3097.67
(384.24) (366.92)
No previous abortion 34(79.1) 36 (83.7)
State of perineum
Intact perineum 25(58.1) 18 (41.8)
First-degreetear 12(27.9) 10(23.3)
Second degreetear 0 4(9.3)
Episiotomy 6(14) 11 (25.6)

Valuesin n (%) or 2@mean (SD) or PMedian (IQR)

the previous stage (P < 0.001). There was no statistically
significant difference between the two groupsin terms of
mean temperature, heart rate and oxygen saturation of
neonatesimmediately, 30, 60, and 90 minutes after birthas

showninTablell.
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Tablell Maternal Anxiety Scoresand Neonatal Physiological Parameter sintheTwo Sudy GroupsDuring Different SagesAfter Birth

90 min after birth

60 min after birth

CP

Immediately after birth 30 min after birth

Variable

Cohen'sd  Cohen'sd; CcP MP Pvalue Cohen'sd
(95%Cl) (95% Cl)

0.01

MP

Pvalue Cohen'sd

Pvalue CP MP

MP

CP

(95%Cl)

(95%Cl)
0.45

0.45
(0.02,0.88)

023 0.04

0.02

0.52
(0.08,0.94)

0.

0.48

0.09

0.04

082 048 104
(0.82) (155)

2.65

2.76

Maternal anxiety?

(0.64)

(0.15)
37.20

(1.008)
37.09
(0.12)

(0.36)

37.12

(0.02, 0.87)

0.27

(2.14)

(2.69)
36.18

0.36

(0.07,0.78)

37.16 0.10
(0.12)

17

0.17

36.95 3691 0.16
(0.16) (0.13)

36.17 084
(0.11)

Neonate temp-
erature (°C)

(0.10)

(0.25,0.6)

(0.12)

(0.15,0.7)

(0.09)

0.05
(0.37,0.47)

136.28 136.12 0.86
(4.64)

0.09

136.14 136.60 0.65

(4.96)

136.60 136.35 0.81  0.05

(4.55) (5.52)

Neonatal heartrate 141.19 139.79 0.27

(beatsper min)

(0.52,0.33) (4.40)

(4.78)

(0.37,0.47)

(6.28)

(5.56)

0.17
(0.26, 0.59)

97.74  0.44
(0.44)

97.81

0.14

97.39 051

(0.72)

97.48
(0.59)

0.19

96.65 9651 0.37
(0.68) (0.76)

7425 025
(1.54)

74.65

Neonatal oxygen
saturation?(%)

(0.39)

(0.29, 0.56)

(0.23,0.62)

All valuesin mean (SD). @P < 0.05 for difference between groups at 30 min, 60 min and 90 min after birth. CP Companion presence, MP Midwife presence

(1.67)
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There was also a small to medium effect size of the
presence of companion compared to midwife in terms of
maternal anxiety at 30, 60 and 90 minutes after birth. There
was no impact on neonatal temperature, neonata heart rate
and neonatal oxygen saturation at 30, 60 and 90 minsof SSC.

A significant effect of time was noted on maternal
anxiety (n2 = 0.547, P < 0.001); however, the effect of
group (n2 = 0.015, P = 0.266) and interaction of group x
time (N2 = 0.018, P = 0.214) on maternal anxiety was
insignificant. The effect of time, group and interaction of
group x time on neonatal temperaturewasm2=0.94, P <
0.001; m2=10.053, P=0.034; andm2=0.0.13, P = 0.35,
respectively. The effect of time, group and interaction of
group x time on neonatal heart rate wasn2 = 0.152, P <
0.001; n2 = 0.004, P = 0.58; and 2 = 0.006, P = 0.66,
respectively. The effect of time, group and interaction of
group x time on neonatal oxygen saturation was n2 =
0.993, P < 0.001; 2 =0.036, P =0.08; andn2 = 0.0.006,
P =0.68, respectively.

79.1% of the mothers in the study group were
completely satisfied, and 20.9% were satisfied with the
provided care compared to 55.8% and 44.2%, respectively
in the control group. A significant difference was noted
when comparing thematernal satisfaction betweenthetwo
groups (P =0.02). Regarding the mothers' desire for the
same care in the future delivery, 65.1% of the mothersin
the study group and 37.2% of the mothersin the control
group were completely satisfied (P=0.008).

DISCUSSION

We investigated the effect of companion presence during
SSC on maternal anxiety and satisfaction, and neonatal
physiological parameters. Compared to a midwife, the
presence of a known female companion was more
effective in mitigating postpartum maternal anxiety
although no significant difference was observed in the
neonatal physiological parametersimmediately after birth
inboth groups.

Although previous studieshavereported that mothers
engaged in SSC havelower anxiety [18,19], thereis scant
evidence on the impact of presence of a companion on
postpartum maternal anxiety. Some researchers have
investigated the role of non-specialist support by friends,
relatives or spouse during labor and delivery. A study in
Iran reported the effect of the presence of acompanionin
reducing anxiety inthelate active phase of labor, although
no information was provided about postpartum anxiety
[20]. Salehi et a [21] conducted aclinical trial ontheeffect
of the presence of trained husbands during labor on the
anxiety level of mothers. Scoresof anxiety werecompared
in the three study groups, viz, without companion
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(control), with companion (afriend or arelative), and with
atrained husband. During the fourth stage of labor, the
level of anxiety inthe husband companionship group was
significantly lower than in the companion group; it was
aso significantly lower inthe companion group thaninthe
control group. However, in another study, most mothers
preferred to have a labor companion rather than her
husband [22]. In contrast astudy by Rini et a [23] reported
that 27% of the mothers got more anxiouswhenthey had a
companion during labor. It is true that not only the
presence of acompanion isimportant but al so the manner
of compani onship caninfluencethe outcome[24].

In Iran, despite the expansion of physiological child-
birth, satisfaction with vaginal childbirth is low to
moderate; lowest level of satisfaction isin the emotional
support area [25]. Congruence between the maternal
expectations and the care provided to the mothers is
needed. The present study showed the presence of
companion (friendsor relatives) during SSC considerably
improved maternal satisfaction.

Theuse of acompanion during SSC may belimited by
misconceptions and cultural or socia beliefs. One of the
misconceptions is that SSC implementation by a
companion may have hegative neonatal conseguences; our
findingsaffirm that thereisno scientific basisfor the same
as neonatal physiological parameters were comparable
between the two groups.

Our study isdistinctivefor it investigatesthe effect of
companion during SSC on the neonatal physiological
parameters. Other studies have focused on the effect of
continuous support during labor and childbirth. Bohren et
a conducted a Cochrane systematic review reported that
continuous support during labor and childbirth may
improve neonatal outcomes including a higher fifth-
minuteApgar score[4].

One of the limitations of the study was that maternal
anxiety assessment was based on VAS. We also did not
account for any additive effect on anxiety dueto the effect
of different degreesof maternal trait anxiety. We attempted
to minimize the influence of this effect by random
assignment of the mother—baby pairsinto groups. Wedid
not assess qualitatively the attitudes and opinions of
mothersregarding the presence of companion during SSC
In this study, the presence of acompanion was limited to
onehour after birth; it issuggested that thisintervention be
repeated with the presence of a companion additionally
during thelabor. Also, field studiesto assesstheimpact of
SSC on hypothermiawill beuseful.

Giventhecurrent barriersto SSCimplementation, the
results of this study could encourage the use of a
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WHAT THIS STUDY ADDS?

Presence of a trusted or known companion after childbirth during skin-to—skin contact is effective and safe
modality for reducing maternal anxiety and improving maternal satisfaction.

companion of choice in reducing maternal anxiety and
promoting maternal satisfaction. They can be used by
policy makers and service providers in evidence-based
decision-making in the field of maternal and neonatal
health. Our study can generate evidenceto facilitate policy
change regarding implementation of companionship
programsfor mothers, especially in centerswith shortage
of staff and high workload.
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Color Doppler Ultrasound Indicesas Predictor sof Propranolol Responsein I nfantile
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ABSTRACT

Objective: Toevaluatetheutility of color Doppler ultrasonography in assessing infantile hemangiomaresponseto treatment with oral
propranolol.

Method: A prospective study was conducted between January, 2016 and December, 2022, wherein children with symptomatic
(ulceration, bleeding, pain and scarring) infantile hemangiomawere given oral propranol (2 mg/kg per day in three divided doses) as
outpatient therapy. The clinical response was assessed three months post-initiation of treatment (intermediate clinical response) and
three months post-completion of treatment (final clinical response, FCR). The primary outcome measurement was a clinical and
radiological response (resistivity index (RI), pulsatility index (PI) and peak systolic velocity) to treatment. The secondary outcomes
assessed werethe complicationsrel ated to treatment.

Result: Out of 601 patientswho were started on propranolol, 99 devel oped severe adverse effectsand were excluded from analysis. At
FCR assessment, out of 502 parti cipants, 64.3% (n = 323) showed excellent response, 17.7% (n = 89) showed partial, and 17.9% (n=
90) were non-responders. A significant increasein Rl and Pl valueswas noted in all children following propranolol treatment for six
months. Anincrease> 7.5%in RI could identify responderswith 92% sensitivity, 91% specificity and areaunder the curve (AUC) of
0.963.Anincreaseof > 11.5%in Pl couldidentify responderswith 86% sensitivity, 91% specificity and AUC of 0.896. Patientsinitially
showing no response but later becoming excellent responders had significantly higher Rl and PI values.

Conclusion: Color Doppler ultrasonography is avaluable tool in predicting the treatment outcome of infantile hemangioma using
propranolol.

K eywor ds: Beta-blocker, Pulsatility index, Resistivity index, Vascular malformation

INTRODUCTION In 2008, a breakthrough observation by Labreze et a
revealed propranolol’s inhibitory effect on the growth of
IH in children treated for cardiac conditions [5]. This
finding spurred numerous subsequent studies which
validated propranolol’s efficacy and safety in managing
hemangiomas [6-8]. However, resistance to propranolol
defined as persistent growth during the proliferative phase
or alack of size reduction during the post-proliferative
phase after at |east four weeks of therapy at % 2 mg/kg/d
can poseachallenge[9,10]. Here, thereliance onclinical
response as the primary outcome assessment tool can
potentially lead to prolonged exposure to the drug,
particularly in non-responsive patients.

Infantile hemangioma (IH), the most common soft tissue
tumor ininfancy, followsadistinct trgjectory - emerging a
few weeks post-birth, exhibiting dynamic growth, and
often involuting spontaneously. By five years age, about
50% of these tumors involute, rising to 70% by the age
seven years [1,2]. While many of these cases do not
necessitate intervention, symptomatic lesions presenting
cosmetic or functional challenges require appropriate
treatment strategies, which can range from cryotherapy
and sclerotherapy to the use of steroids, chemotherapeutic
agents, and surgical excision[3,4].

Ultrasonography (USG) of IH isan inexpensive, fast
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propranolol treatment. Contrary to prevailing opinion, we
hypothesize that color Doppler may not provide any
additional advantagein assessing propranolol’streatment
response for IH, nor can it accurately identify non-
responders. Through this investigation, we aim to
elucidatethereal value of color Doppler in managing this
prevalent pediatric condition, potentially influencing
future approachesto |H treatment.

METHODS

A prospective study was conducted in the Department of
Pediatric Surgery in collaboration with the Department of
Ora and Maxillofacial Surgery, in a tertiary centre in
North India, from January, 2016 to December, 2022.
Ethical approval was obtained from the Institute Review
Board. Informed and written consent wastaken for every
participant from the parent(s).

Patients older than 1 month of age, with symptomatic
hemangioma (ul ceration, bleeding, pain and scarring), and
without any prior treatment were considered eligible for
the study. The diagnosis of IH was made on the basis of
clinical examination and spectral color Doppler ultra-
sound. The diagnostic criterion used waslesionsappearing
more than 7 days after birth and absent congenitally,
localized blanching of the skin and macular telangi ectatic
erythema with patchy expansion or subcutaneous soft
tissue masses, rapid tumor growth history, and a bluish
surface hue which fades away on pressing. A careful
patient history, clinical examination and electrocardio-
graphy (ECG) were performed in al the patients to
ascertain risk factorsor contraindications pertaining tothe
useof propranolol. Patientswith cardiovascular disorders
(after cardiac evaluation and ECG), acute respiratory
illness and a history of bronchia asthma were excluded
fromthestudy. Baselinehemogram, blood sugar and renal
function testsweredonein all patients. Participantswere
givenoral propranolol at adose of 2 mg/kg per day inthree
divided doses as outpatient therapy. Possible sequelae to
treatment likerefusal to feed and lethargy were explained
totheparentsand advised to visit the hospital at theearliest
in caseany of these signsappeared.

Theclinical responsewas assessed three months post-
initiation of treatment (intermediate clinical response,
I CR) and three months post-compl etion of treatment (final
clinica response, FCR). Two independent observers
blinded to the outcome assessed the clinical response at
eachvisit. Colored photographswere used for assessment
and each patient was categorized as ' excellent responder’
in the case of > 50% regression of the lesion, ‘partia
responder’ in the case of 25-50% response, or ‘non-
responder’ in the event of less than 25% response or
progressiveincreasein sizeof thelesion. All patientswere
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observed for aminimum period of 3 months after the last
dose of propranolol before being considered as non-
responders.

For sonographic assessment patients underwent
examination with spectral Doppler ultrasound prior to
treatment and 3 months after the beginning of propranol ol
therapy. A 7.5 MHz Doppler probe (PHILIPSU-22) was
used for assessment. Thetype (superficial, deep or mixed),
size (major diameter, thickness and transverse diameter),
morphology, internal echoes and boundaries of the
hemangiomawas eval uated. VVolume assessment wasdone
using the major diameter, thickness and transverse
diameter of the lesion. The resistivity index (RI),
pulsatility index (Pl) and peak systolic velocity (PSV)
were calculated as described by Chen et a [12]. For each
lesion, intralesional values were calculated at multiple
points, according to the size of the lesion and the
possibility of sampling and then a mean value was
calculated for any singlelesion. ThechangeinRI, P, and
PSV value from before to 3-months after initiation of
therapy and at 3 months after completion of treatment:
(value after treatment at first return visit - value before
treatment)/ val ue beforetreatment and label ed aschangein
resistanceindex (DRI), changein pul satility index (DPI),
and changein peak systalic vel ocity (DPSV), respectively.

The primary outcome measurement was clinical and
radiological response to treatment. The radiological
parameters; resistivity index, pulsatility index and peak
systolic velacity at time of ICR and FCR were compared.
The change (from baseline/pre-treatment to 3 months) in
RI, Pl and PSV was compared with clinical response at 3
monthsand clinical response 3 months post compl etion of
treatment. The secondary outcomes assessed were
complicationsrelated to the treatment.

Satistical methods. Statistical analysis was performed
usingthelBM SPSS 19.0 Statisticsfor Windows software.
Datawas tested for normality by using the Kolmogorov-
Smirnov and Shapiro-Wilk test. Mann-Whitney U test and
t test was used to compare the variables. The utility of
change in Doppler indices (RI, PI, PSV) in terms of
clinical response to the therapy was predicted by using
receiver operating characteristic (ROC) Curve and
Youden'sJstatistic. McNemar’stest was used to compare
the changein Doppler indices over three months. P value
<0.05wasconsidered was statistically significant at 95%
confidenceinterval. Cohen’s K appa Coefficient was used
to predict theinter-rater and intra-rater variability, values
<0 indicated no agreement, 0.01-0.20 as none to dlight,
0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as
substantial and 0.81-1.00 asperfect agreement [ 13].
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RESULTS

Over a period of 7 years, a total of 601 children with
problematic IHs were evaluated, of which 99 patients
(16.4%) were excluded from evaluation due to severe
adverse drug reactions, and 502 children were considered
eigiblefor analysis. Theoveral mean (SD) age of patients
at the onset of treatment was 3.7 (2.37) months (agerange
1.8 to 14 months). Out of 502 patients, 329 (65.5%)
patientswerefemaleand 173 (34.5%) weremal e patients;
femalemale ratio of 3:2. A total of 13.6% patients had
multifocal lesionsand therest had unifocal. Indicationsfor
treatment included cosmetic problems (29.3%), functional
(19.8%), difficulty in handling (18.8%), and ulceration
(17.8%). The mean (SD) size of the lesion before
treatment was 2.5 (1.1) x2.03 (0.6) cm.

At 3 months follow-up, 266 (52.9%) patients had
excellent response, 74 (14.7%) had partial and 162
(32.3%) were non-responders. At FCR assessment, 323
(64.3%) patients had excellent response, 89 (17.7%) had
partial, and 90 (17.9%) remained asnon-responderswith a
mean (SD) treatment duration of 8.2 (1.8) months and a
median (IQR) follow-up of 15.5 (10.5 - 18.5) mo (Table
). Tapering of propranolol dosage was doneover aperiod
of 2weeks.

Doppler indices could be measured in 388 patients at
baseline, 3 months and 6 months. Rl and Pl values of the
lesions increased significantly in al children who took
propranolol for 6 monthsirrespective of FCR (Tablell).
The mean increase in Rl and Pl was significantly higher
among excellent responders compared to partial and non-
responders (Fig. la-b). There was no significant
differenceinthechangein PSV among different response
groups.

At 3 months, 162 patients did not respond to
propranolol. However, 63 of these non-respondersbecame
excellent respondersat FCR, while 90 continued to remain
as non-responders. We found that RI and Pl values were
significantly higher in these 63 children who transitioned
from an initial non-response at 3 months to excellent
response at FCR, compared to those who remained as
partial and non-respondersat even 6 months(Tablell1).

39
Tablel Clinical Responseto Propranolol Therapy

Response Intermediateclinical Final clinical

response (ICR) response (FCR)

Excellentresponder 266 (53.0) 323 (64.3)

Partial responder 74 (14.7) 89(17.7)

Non-responder 162 (32.3) 90 (17.9)

Total 502 (100) 502 (100)
Values expressed as n (%)

On ROC analysis of changes in Doppler indices at
threemonthsfrom baseline, wefound that > 7.5% increase
in Rl could identify responders (at FCR) with asensitivity
of 92%, a specificity of 91% and area under the curve
(AUC) of 0.963. Similarly, > 11.5% increasein Pl could
identify responders (at FCR) with asensitivity of 86.0%,
specificity of 91% and AUC of 0.896 (Fig. 2). We assessed
the clinical response and RI, Pl and PSV values at 3
months; acut-off valueof >65.5,>95.5and < 28.5cm/s
for RI, Pl and PSV, respectively, had the maximum
sensitivity and specificity for predicting apositiveclinical
response.

A total of 21 patients (4.2%) devel oped refusal to feed
and were diagnosed to have hypoglycemia. The dose of
propranolol was tapered to 1 mg/kg for two weeks and
then continued at 2 mg/kg. The other adverse reactions
wereexcessive crying and inability to sleep (4.3%, n=22),
diarrhea (2.3%, n = 12), rash (2.1%, n = 11) and gastro-
intestinal reflux (1.7%, n = 9) of patients. 4.7% children
(n = 24) had intolerable adverse reactions leading to
discontinuation of treatment.

Adjuvant therapies used in partial respondersand non-
responders were intralesional steroids (n = 25) and
intralesional bleomycin (n = 48) and surgical excision
(n=15).

DISCUSSION
Within our prospective cohort of 502 patients, propranol ol
treatment demonstrated an effective responsein managing

symptomatic |H in 82% of cases. Severeadversereactions
|eading to discontinuation werereported in 4.7% of cases,

Tablell Changein Doppler Ultrasound Parameter safter 6 monthsof Propranolol Amongst Different Response Groups

Doppler Index Excellent responders (n= 323) Partial responders(n=89) Non-responders(n= 90)
IncreaseinRI2 12.83(4.87) 6.69 (3.18) 1.50 (4.41)
Increasein P12 11.38(2.77) 5.17 (2.62) 1.18(2.88)
Decreasein PSVP 4.97 (6.19) 6.18 (6.28) 6.02 (6.39)

Values expressed as mean (SD). 2P < 0.001 for Excellent vs Partial responders, Partial Vs Non-responders, Excellent vs Non-responders; PP > 0.05
for all comparisons. RI Resistance index, Pl Pulsatility index, PSV Peak systolic velocity
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Fig.1a) Mean changein Resistivity index; b) Mean changein Pulsatility index

underscoring its safety. We demonstrated the utility of
Doppler ultrasound indices viz, RI, Pl and PSV, as early
predictive markersfor treatment outcomes. Anincrease of
more than 7.5% in the RI had the potential to accurately
identify responders to the treatment with a sensitivity of
92% and aspecificity of 91%.

Inour investigation, weidentified asignificant pattern
of change in RI and pulsatility index (PI) at the three-
month mark that played a crucia role in predicting the
final responseto propranol ol treatmentin IH, regardless of

the observed clinical response at the same stage. This
finding underlinesthe significance of Doppler ultrasound
indicesasearly predictive markersin treatment trajectory
i.e. continuing treatment in those who will show response
inthefuture and stoppinginthosewhowill remain asnon-
responders.

Our study findings reaffirm that propranolol is a safe
and effective treatment for IH. Previous studies have
demonstrated propranolol’sefficacy in asmany as88.75%
of cases, positioning it asafrontlinetreatment for IH [5-8].

Tablelll ComparativeDoppler Indicesat Baselineand 3monthsof Treatmentsin Relation to Clinical Responseat 6 M onths

Resigtivity Index (RI)

Baseline 3 months
Response (At 6 months) Rl <65.5 Rl >65.5 Pvaue RI <65.5 Rl >65.5 Pvaue
Excellent responder (n= 63) 41 (65.07) 22(34.93) <0.001 0 63 (100) <0.001
Partial responder (n= 9) 5 (55.56) 4(44.44) 0 9(100)
Non-responder (n = 90) 34(37.77) 56 (62.23) 31(34.44) 59 (65.56)

Pulsatility Index (PI)

Baseline 3 months
Response (At 6 months) PI<95.5 Pl >955 Pvalue PI<95.5 Pl >955 Pvaue
Excellent responder (n= 63) 35 (55.55) 28 (44.45) 0.386 0 63 (100) <0.001
Partial responder (n=9) 4(44.44) 5 (55.56) 0 9(100)
Non-responder (n = 90) 40 (44.44) 50 (55.56) 23 (25.55) 67 (74.45)

Peak Systolic Vel ocity (PSV) (crm/s)

Baseline 3 months
Response (At 6 months) PSV <285 PSVv > 285 Pvalue PSV <285 PSV>285 Pvaue
Excellent responder (n= 63) 30(47.62) 33(52.38) 0573 57 (90.47) 6(9.53) 0.197
Partial responder (n= 9) 5 (55.56) 4(44.44) 8(88.89) 1(11.11)
Non-responder (n = 90) 37(41.11) 53 (59.89) 72(80.0) 18(20.0)
Values expressed asn (%)
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WHAT THIS STUDY ADDS?

* Doppler USG indices, viz. Rl and PI, can predict response to propranolol at three months in children with infantile
hemangioma and this insight could potentially prevent unnecessary exposure to propranolol in non-responding

patlents.
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Fig. 2 Receiver operating characteristic curve depicting
sensitivity and specificity of change in resistance index (DRI),
change in pulsatility index (DPI) index and change in peak
systolic velocity (DPSV) for predicting the final clinical
response

Thisiscongruent with our results, where 64.3% of patients
showed excellent response, and 17.7% showed a partial
responseat FCR.

Ginguerra et a in their study stated a high vascular
density (> 5 vessels/cm?2) and an arterial peak of >2kHz
on Doppler USG as diagnostic of IH [14]. In the
proliferative stage, alow RI and low resistance to blood
flow are commonly observed. In theinvolution stage, the
RI increasesindicating areduced vascular activity in the
lesion[14].

Shi et a [15] studied theroleof color Doppler inthirty-
one patients following propranolol therapy. They found
that hemangiomas' longitudinal and transverse diameter,
thickness, vascular density, blood flow velocity (arterial
and venous), and arterial peak systolic blood flow vel ocity
weresignificantly decreased (P =0.05).

The utility of Doppler ultrasound indices, namely the
resistance index (RI) and pulsatility index (Pl) as early
outcome predictorsin our study mirror the conclusions of
previous investigations [16-18]. For instance, Kim et a
also utilized Doppler ultrasound for response assessment
and found a decrease in PSVs and an increase in RIsin

INDIAN PEDIATRICS

patients with IH responding to propranolol [16]. We did
not find PSV to be an effectiveindex, it may be explained
as it is the most operator-dependent index compared to
other indices.

Color Doppler USG isavaluabletool in predicting the
treatment outcome of IH using propranolol. Theseindices
can guide the early identification of potential non-
responders, helping prevent unnecessary exposure to
propranolol and alowing for a timely shift toward
aternativetherapies
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Rani and Abhay Bang to work with the marginalized communities in the semi-tribal district, Gadchiroli, in
the state of Maharashtra, (India).

SEARCH's vision is ‘Aarogya-Swaraj’ which means ‘People’s Health in People’s Hands’, by empowering
individuals and communities to take charge of their own health, and thereby, help them achieve freedom
from disease as well as dependence.

We seek your support to spread word and encourage like-minded and driven individuals to be a part of
our journey. To apply, send your CV/ Resume to anoj@searchforhealth.ngo with the following subject:
Application to join as Consultant: ‘Name of Specialty’. Please visit the website at
www.searchforhealth.ngo for detailed job description.

What do we offer?

» Opportunity to work with needy community in and around Gadchiroli.
» Opportunities for research and professional growth through peer interactions and engagements.
» Reasonable remuneration, given that we are essentially a not-for-profit organization.

* Single or family accommodation and endeavor to accommodate your spouse with suitable work if
feasible.
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Secondary Gainsof Strategiesto Prevent COVID-19Infection in Neonatal I ntensive
CareUnit: HastheFrequency of Healthcare-Associated | nfections Decreased?
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ABSTRACT

Objective: To compare the frequency and distribution of healthcare-associated infections (HAI) in the neonatal intensive care unit
(NICU) during COVID-19 infection.

M ethods: We compared all cases hospitalized in the NICU and diagnosed with HAIs between 1 March - 1 September 2019 (pre-
COVID-19 pandemic) and 1 March - 1 September 2020 (during the COV1D-19 pandemic).

Results: Weevaluated atotal of 957 babies, 427 babiesinthe pre-COV1D-19 period and 530 babies during the COV1D-19 pandemic.
HAlsweredetermined in 47 patients (60 attacks) and 39 patients (44 attacks) in the pre-COVID-19 period and during the COVID-19
period, respectively. HAls incidence density (per1000 hospitalization days) was found 5.43 in pre-COVID-19 period and 4.87 in
COVID-19 period. During the COVID-19 period, there was a significant decrease in the HAI incidence density and bloodstream
infection (P = 0.009).

Conclusions: COVID-19infection prevention strategies hel ped reduce the frequency of HAlsespecially in bloodstream infectionin

NICU.

K eywor ds: Bloodstreaminfection, Coronavirus, Nosocomial, SARS-CoV2, Sepsis

INRODUCTION

Healthcare-associated infection (HALI) it is an important
factor that increases mortality, morbidity and treatment
costs in neonatal intensive care units (NICU) [1]. The
various neonatal HAIs include bloodstream infections,
catheter-related infections, ventilator-associated infec-
tions, urinary tract infections, meningitis, and skin
infections[2]. Theincidencerates of HAlsin NICU vary
globally wyth arange of 4.8 - 22 per 1000 hospitalization
days [3]. The rate of compliance with HAI prevention
policiesisinversely proportional to therates of devel oping
HAIsinNICUs[4].

The outbreak of COVID-19 has been a major
challenge for healthcare centers, in terms of prevention
and control of nosocomial infections. A study comparing
the pre- and post-COVID-19 periods, demonstrated a
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lower magnitude of nosocomia infections (1.75% vs
3.11%) in neonatal healthcare set-ups [5]. However, a
study of the incidence of HAI in US hospitals during the
COVID-19 pandemic reported a significant increase in
central-line-associated bloodstreaminfections (CLABS!),
catheter-associated urinary tract infections (CAUTI), and
ventilator-associated events (VAES) in 2020 in all
hospitalized patients[6].

The COVID-19 pandemic was an era of extreme fear
and led to an increased use of sanitizers and infection
control measures. We assessed if the COVID-19 pandemic
led to a reduction in HAls in NICUs due to increased
infection control measures.

METHODS

The study was designed as a single-center observational
study which included two study periods, pre-COVID-19
pandemic (datawere obtai ned retrospectively) and during
COVID-19 pandemic (datawere obtained prospectively).
The study was approved by the Ethical Committee of
University of Heath Sciences Sidi Hamidiye Etfal
Training and Research Hospital (N0:2975/2020) and the
Scientific Study Group of the Ministry of Health, Turkey
(No: 2020-09-03T14 25 32). The study periods were
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between 1 March - 1 September 2019 (pre-COVID-19
pandemic) and 1 March - 1 September 2020 (during the
pandemic), in NICU. All the HAIs detected during the
specified periodswereincluded. Thediagnostic criteriaof
Centers for Disease Control and Prevention (CDC),
National Hospital Infections Surveillance Network
(NHISN) and Turkish Neonatology Society’sfor neonatal
infections were used for establishing diagnosis of HAIs
[1,7,8]. The diagnosis of healthcare-associated blood-
stream infection (HA-BSI), CLABSIs, CAUTIs, VAEs,
central nervous system (CNS) infection and necrotizing
enterocolitis (NEC) were made according to the CDC
recommendations|[7].

Demographic characteristics, morbidity and mortality
and infection foci were recorded. Prenatal and natal
information included gestational age, diagnosis, sex,
weight, mode of delivery, history of interventional
procedures undergoing any (mechanical ventilation,
placement of central or urinary catheter), and type of
feeding. Theuse of antibioticsand antifungals, thetime of
detection of HAI, the focus of infection, the micro-
organismsgrown on culture, the duration of hospital stay,
mortality and early morbidity were obtained from records.
In addition, we recorded the rate of compliance of
healthcare professionals with the infection prevention
rulesand included theresults of surveillancereportsof our
hospital’sinfection committee.

Table | Comparison of Healthcare-Associated Infections
Detected in InfantsBeforeand During COVID-19 Period

Pre-COVID-19 COVID-19 P
Period Period Value
Patients(n= 47) Patients (n= 39)
Attacks(n=60) Attacks(n= 44)

Clinical sepsis 22 (36.6) 23(52.2) 0.45
Culture-proven 38(63.4) 21(47.8) 0.47
sepsis

HABSI 22 (36.6) 6 (13.6) 0.009
CLABS 24 (40) 13(29.5) 0.35
VAE 4(6.6) 6 (13.6) 0.19
CAUTI 10 (16.6) 8(18.1) 0.52
Central nervous 4(6.6) 4(10.2) 0.1
systeminfection

Necrotizing entero- 14 (23.3) 11 (25) 0.19
colitis

Other (eye, ear, nose, 4 (6.6) 2(4.5) 0.19

throat, skin) infections

Data presented as n (%). CAUTI Catheter-associated urinary tract
infections, CLABS Central line-associated bloodstream infection,
HABS Healthcare-associated bloodstream infection, VAE \entilator-
associated events
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Satistical analysis: All datawas analyzed by SPSS 22.0
for Windows. Continuous variables were expressed as
mean (standard deviation) and compared using Student t
test between the two periods. Categorical variables were
expressed as numbers and percentages and compared
using Chi square test between both periods. The risk
factors for the development of HAI (duration of hospital
stay, mechanical ventilation duration, umbilical catheter
duration, total parenteral feeding time, fluconazole
prophylaxis, etc.) were compared using Chi-squaretest or
Student t test. P < 0.05 was considered significant.

RESULTS

Thestudy popul ation comprised of 957 babies; 427 babies
in the pre-COVID-19 period and 530 babies during the
COVID-19 pandemic. Sixty HAlsoccurred in 47 patients
in the pre-COVID-19 period and 44 HAIs in 39 patients
during the COVID-19 period. Demographic character-
isticsof neonateswho developed HAlsinthepre-COVID-
19 period and the COVID-19 period were as follows:
mean (SD) gestational age 30.8 (5.5) weeksand 31.5 (4.7)
weeks, birthweight 1582 (994) g and 1615 (938) g, female
gender 49% and 50%, cesarean births 74% and 82%,
respectively; P> 0.05for all comparisons.

Among theHHALISs, culture-proven sepsiswas observed
63.4% of neonates in the pre-COVID-19 period, and
47.8% of neonates during COVID-19 pandemic. Details
are presented in Table |. During the COVID-19 period,
there was a significant decrease in the HAI incidence
density, hospital-associated infectionrate, catheter-rel ated
infectionrate, and VAEs-related infection ratein the NICU

Table |l Distribution of the Density and Rates of Hospital-
Acquired Infectionsin I nfantsBeforeand During COVID-19
Period

Pre-COVID-19 COVID-19

period period
HAI, attacks(n) 60 44
NICU HAI incidence density 5.43 4.87
NICU HAI rate 8.43 5.66
CLABSIsrate 10.76 8.11
HA-BSI rate 11.27 3.74
VAEsrate 4.83 451

CLABSIs Central line-associated bloodstream infections, HAI Health
associated infection, HA-BS Healthcare-associated bloodstream
infection, VAEs \entilator-associated events, HAI incidence density
(Number of hospital acquired infections/hospitalization days) x 1000,
HAI rate (Number of hospital acquired infections/patient number) x
100, CLABSIs rate (Catheter related bacteremia number/total catheter
days) x 1000, HA-BS rate (Number of patients with growth in blood
culture/number of inpatients) x 100, VAEs rate (VAE number/venti-
lator days) x 1000
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unit compared to the pre-COVID-19 period. The
distribution of infection rates detected in both periodsis
presentedin Tablell.

In the pre- and during COVID-19 period, the
distribution of HAI pathogens were: 47.5% and 31.2%
gram positive bacteria, 42.5% and 56.2% gram negative
bacteria and 10% and 12.5% Candida sp, respectively.
The most common pathogen isolated in blood culture in
the pre-COVID-19 period was coagulase-negative
staphylococcus (CONS) 32.5%, whileduring COVID-19
period it was E. coli 25%. There was no statistically
significant difference in terms of the distribution of
microorganisms grown between both periods. During the
COVID-19 period, atotal of 124 babieswere subjected to
repeated nasopharyngeal PCR tests due to suspicion of
COVID-19. COVID-19 positivity was detected in only 8
babies.

The risk factors for HAls are showed in Table I11.
Therewas no differencein mortality rates (P > 0.05) and
only the number of days of hospitalization, and the total
parenteral feeding timeweresignificantly highinthe pre-
COVID-19 period (P = 0.03, P=0.04, respectively). The
hand hygiene compliance rates of the heathcare
professionals working in both periods are presented in
Tablel V. Therewasno significant difference between the
two periods.

DISCUSSION

Hospital acquired infections are very important because
they cause prolongation of hospital stay, increase in
mortality, deterioration in quality of life, and increase in
costs[9]. Inour study, asignificant decreasewasfound in
the frequency of HAIs and culture-proven sepsis during
the COVID-19 period compared to the pre-COVID-19
period.

A multicenter study in Turkey reported theHAIsinthe

45

NICU ranging from 2.6 to 17% with sepsis-related
mortality rateof 24.4%][10]. In our NICU, the nosocomial
infection incidence was 5.1/1000 hospitalization days
(2006-2007) and 10.3/1000 hospitalization days (2008-
2009) [11]. During the COVID-19 era, the incidence of
HAIshasdecreased. Although adecrease was detected in
the mortality rates due to hospital infections during the
COVID-19 period, the rates were not satisticaly
significant.

Themost commonHAIsinNICUswereHA-BSI. The
frequency of HA-BSI in neonatal units has been reported
as7t016.7%inthedeveloped countries[12] and 12-14%
in Turkey [11]. In our study, we observed that HA-BSI
decreased significantly duringthe COVID-19 period. Ina
multicenter point prevalence study, clinical sepsis was
40% in NICUs [13]. We observed that was higher in the
COVID-19 period; abeit these were culture negative.

In developed countries, the rate of catheter-related
infection has been reported as 3.5-13% and in studies
conducted in Turkey, it has been reported as 9.6-14.3%
[12,14]. Inour study, therate of catheter-related infection
was found to be similar to literature studies in the pre-
COVID-19 period and therate of catheter-related HAl was
found to be lower in the COVID-19 period. VAE is the
second most common HAI in NICUs [15] with an
incidence of as 2.7-10.9 per 1000 ventilator days in
developed countries [16], and 1.4-3.5% as per United
States National Nosocomial Surveillance study. Our study
findingswere similar tothisin both periods.

Turkish Neonatalogy Society reported that 45.5% of
HAI were caused by gram-positive bacteriaand 42.9% by
gram-negative bacteria[10]. In our study, gram-positive
bacteriawerethe most common factor in the pre-COVID-
19 period, while gram-negative bacteriawerefound to be
more common inthe COVID-19 period. We attributed this
dueto the decreased rate of CONSin our unit.

Tablelll Risk Factorsfor the Development of Healthcare-Associated | nfections

Pre-COVID-19 period COVID-19 period Pvalue
Length of hospitalization (d)? 41.2 (30.8, 13-153) 39.2(23.7,14-137) 0.03
Mechanical ventilation duration (d)2 21.9(38.3,1-150) 28.9(38.5,1-130) 0.37
Umbilical catheter duration (d) 5.3(2.2,1-8) 4.9(2.9,1-10) 0.17
Duration of peripherally inserted central catheter (d)2 21.2(13.7,1-76) 19.9 (15, 5-50) 0.18
Timeto start breast milk (d)2 2.6(1.6,1-8) 22(1.3,1-7) 0.09
Transitiontimeto full enteral feeding (d) (d)2 34.7 (32.7,1-78) 25.7 (19.9, 1-48) 0.09
Total parenteral feeding duration (d)2 38.7 (35.6, 6-135) 20.9(12.3,5-48) 0.04
Fluconazole prophylaxis? 27 (45) 13(30) 0.08

avalues are expressed as 2mean (SD range), Pn(%)
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infections in the neonatal intensive care unit.

WHAT THIS STUDY ADDS?

« Corona virus disease (COVID-19) infection prevention strategies reduced the frequency of hospital-acquired

TablelV Hand Hygiene Compliance Ratesin the Surveillance Sudy of Health ProfessionalsWorkingin the Neonatal Unit in

Two Periods

Bundle apps Pre COVID-19 period (n=427) COVID-19 period (n= 530)
Hand hygiene compliance 5322/5400 (98.56) 6210/6333 (98.57)
Before-contact 5591/5760 (97.06) 6492/6720 (96.61)
Post-contact 5694/5760 (98.86) 6661/6720 (99.12)
Before aseptic procedures 720/720 (100) 1020/1020 (100)
After therisk of contamination from body fluids 1220/1220 (100) 1440/1440 (100)
After contact with the patient environment 1417/1440 (98.41) 1672/1700 (98.36)

Values expressed as appropriate procedures/total procedures (%); P > 0.05 for all comparisons

Babies diagnosed with HAIs generally have alonger
NICU stay [17]; two weeks longer than those who do not
[18]. A recent study reported that the length of stay inthe
pediatric intensive care unit decreased during the COVID-
19 period[5]. A similar trend was seenin our study, which
probably explained the shortening of thetransitiontimeto
full enteral nutrition and the reduction of total parenteral
nutritiontime.

Itispossiblethat increased attentionto standard infection
prevention practices and the use of personal protective
equipment impacted HAI rates positively [19]. Multiple
factors such as training of healthcare professionds,
performance feedback, use of automatic faucets, use of
alcohol-based hand sanitizers are required to increase
compliancewith hand hygiene. In both periodsof our study,
the rate of hand hygiene was found to be similar. However,
the awareness and compliance with hand hygiene has
increased dueto the COVID-19 outbreak.

Themain limitation of our study wasthat retrospective
nature of screening of patientsrecordsinthe pre-COVID
period. Subgroup analysisaccording to the gestational age
and birthweight could not be performed dueto inadequate
number of patients. In conclusion, wefound that, therate
of blood-related infections and the frequency of gram-
positive pathogens decreased in our NICU during the
COVID-19 pandemic.

Ethics clearance: The study was approved by the Ethical
Committee of Sidi Hamidiye Etfal Training and Research
Hospital, University of Heath Sciences, Istanbul, Turkey
(N0:2975/2020) dated April 22, 2020, and the Scientific Study
Group of theMinistry of Health (No: T14_25 32) dated Sep 03,
2020.
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TimetoAttain Full Enteral FeedsAmong Preterm Fetal Growth
Restricted NeonatesWith Absent/Rever sed End-Diastolic Flow
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ABSTRACT

Objectives: To determine the difference in time to attainment of full enteral feeds between fetal growth restricted (FGR) preterm
neonates with and without absent/reversed end-diastolic flow (AREDF). Secondary objectives were to compare the short-term
outcomesincluding theincidence of necrotizing enterocolitis (NEC) and feed i ntol erance between the two groups and to determinethe
factorsaffecting thetimeto attainment of full enteral feeds (FEF) among preterm FGR neonates.

M ethods: A prospective cohort study was conducted among consecutive preterm FGR neonates delivered at 28-36 weeks gestation
admitted in level 111 NICU. An umbilical artery doppler ultrasound was performed antenatally for all participantsto detect AREDF.
FGR neonates with AREDF were taken as the study group and those without AREDF were taken as the comparison group. Timeto
attain FEF was defined as time taken to establish enteral feeds of 150 ml/kg/day and tolerating it for the next 3 consecutive days.
Delayed attainment of FEF wastaken as>10 days needed to attain FEF.

Result: Themedian (IQR) timeto attainment of full feedswaslonger among neonateswith AREDF compared to thosewithout AREDF
[12 (8, 16.5) vs 8 (5, 10) days, P < 0.001]. Neonates with AREDF had more feed intolerance [RR, 95% CI = 1.51 (1.13- 2.02); P=
0.004], higher mortality [RR, 95% CI = 2.5 (1.02 - 6.2); P = 0.036], prolonged time to regain birth weight [15 (11.5, 19) days, P =
0.035], longer NICU stay [10 (7, 15), P < 0.001] and longer hospital stay [33 (23, 49), P < 0.001]. Also, neonates with AREDF had
more hypoglycemia[RR, 95% CI=2.15 (1.2-3.7); P = 0.004], hypoxic ischemic encephal opathy [RR, 95% CI 5.05(1.13- 22.4); P=
0.016], hypothyroidism [RR, 95% Cl= 8.08 (1.02 - 63.4), P = 0.016], cholestasis (P = 0.007), prolonged parenteral nutrition
requirement [10(7, 15) days, P < 0.001] and oxygen requirement [4.5 (2, 8) days, P <0.001]. Multivariablelogistic regression showed,
AREDF [aOR 95% CI 2.91 (1.49 - 5.68), P = 0.002], lower gestational age [aOR 95% CI 0.724 (0.604 - 0.867), P < 0.001] and
thrombocytopeniaat birth [aOR 95% Cl 2.625 (1.342 - 5.136), P = 0.005] are significant predictors of delayed attainment of full feeds
among preterm FGR neonates.

Conclusion: Preterm FGR neonateswith AREDF are slower to attain FEF, have morefeed intolerance, higher mortality, need longer
timeto regain birth weight, prolonged NICU stay and hospital stay. AREDF, lower gestation, sepsisand thrombocytopeniaat birth are
significant predictors of delayed full feed attainment among preterm FGR neonates. It is essential to devise strategies to reduce
morbidity and mortality among thisgroup of preterm neonates.

K eywor ds: Enteral, Feed intolerance, Necrotizing enterocoalitis

Published online: Jan 09, 2024; PIl: S097475591600584

INTRODUCTION
Fetal growthrestriction (FGR) isamultifactorial disorder

put forward in 2016 [1], and subsequently it was adopted
by variousorganizationsglobally to provideamorerobust

that often results in increased perinatal morbidity,
mortality and poor long term neurological outcomes.
Consensus based definition incorporating biometrical as
well asfunctional parametersof placentafor FGR wasfirst
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diagnosisand management of pathological FGR.

Preterm FGR neonates are already undernourished at
birth and optimum nutrition is essentia for catch-up
growth and development. The application of evidence-
based perinatal management like obstetric doppler has
helped in early detection of FGR and timely intervention
leading to significant improvementsin perinatal outcomes.
A major challengein postnatal management remains the
establishment of early full enteral feeds (FEF) [2]. Early
initiation of enteral feedswith slow progression generally
isfollowed as evidence for the safe rapid advancement of
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feeds (> 30 mL/kg/day) among preterm neonates with
abnormal doppler islimited. Studies assessing thetimeto
attain FEF, incidence of necrotizing enterocolitis (NEC)
and feed intolerance among preterm FGR neonates with
and without AREDF have been mostly retrospective
studieswithinconclusiveresults[3,4].

Any delay in attainment of FEF leads to a prolonged
NICU stay, increased risk of sepsis, need for parenteral
nutrition and its associated complications. Feeding
guidelines specificto such babiesare not availableand the
World Health Organization (WHO) recommends it as a
priority research area[5]. A prospective cohort study was
planned to determinethedifferenceintimetoattain FEFin
FGR preterm neonates with and without AREDF.
Secondary objectives were to compare the short-term
outcomes including the incidence of NEC and feed
intol erance between the two groups and to determine the
factorsaffecting FEF attainment.

METHODS

A prospective cohort study was conducted inthelevel 11
inborn neonatal intensive care unit (NICU), of atertiary
hospital between November 2021 and October 2022 after
obtaining approval fromtheinstitutional ethicscommittee.
All consecutive preterm FGR neonates delivered at 28to
36 weeks gestation were included. An umbilical artery
doppler ultrasound was performed antenatally for al
participants. AREDF was identified in preterm FGR
neonateswith antenatal umbilical artery doppler showing
absent/reversed end-diastolic flow on at |east one occasion
during pregnancy. FGR neonateswith AREDF weretaken
asthe study group and those without AREDF weretaken as
the comparison group. Those with major congenital
anomalies, syndromic babies, complex congenital heart
disease, twin-to-twin transfusion or missing doppler
reports were excluded. Thetimeto attain enteral feeds of
150 ml/kg/day and tolerating it for the next 3 consecutive
days was regarded as “time to attain FEF' . Based on the
consensus of neonatol ogistsand resultsof apreviousstudy
[4], delayed attainment of FEF was taken as > 10 days
needed to attain FEF.

Samplesizewas cal culated with al phaerror 0.05, beta
error 0.20, mean difference of FEF attainment time of 2.5
daysand standard deviation 6 [ 3,4] requiring 90 neonates
per group. Accounting for 10% attrition, asample size of
100 each of preterm FGR with and without AREDF was
needed.

Small for gestational age (SGA) is defined as an
estimated fetal weight or birth weight below the 10th
percentilefor gestational age. Serial monitoring of fetusat
risk for FGR was done to identify delayed intrauterine
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growth velocity. Diagnosisof FGR wasbased on acombi-
nation of measures of fetal size percentile and Doppler
abnormalities [7] which was confirmed postnatally by
using Fenton’srevised growth charts. Our institution was
following ‘ integrated approach to fetal growth restriction’
for thetiming of delivery of FGR[8]. All eligible neonates
were enrolled at the time of admission to the NICU.
Enteral feeds were started using 10 mL/kg/day of
expressed breast milk (EBM) on day oneif there were no
contraindications to initiate feeds like signs of intestinal
obstruction/hemodynamic instability, requiring inotropes.
This was followed by slow advancement of feeds with a
daily increase of 20 mL/kg/day. Breast milk wasthe milk
of choicefor feeding andif unavailable, formulafeed was
used. Feeding strategies were modified by the neonato-
logist whenever there was evidence of feed intolerance or
NEC as per the standard protocol followed in the unit.
NEC was diagnosed as per Modified Bells staging. Feed
intolerance was defined as distended or tender abdomen,
or anincreaseintheabdominal girthof >2cmin 24 hour,
prefeed aspirate > 50% of feed volume, hemorrhagic or
biliousaspirate, >1 vomituswith yellow or green color or
altered blood for which feed was discontinued for > 12hrs
at least for one day, or if the feeds were reduced or not
increased for at least one-day duration. Blood culture
positive cases were treated as sepsis. Probiotic
supplements (ProGG sachet, 0.5¢g, Lactobacillus
rhamnosus 5 hillion cells, half sachet twice daily) were
administered dissolved in expressed breast milk, at the
time of initiation of feeds for al babies <32 weeks and
continued till attainment of FEF. Breast milk fortification
was done if baby was not gaining weight despite a feed
volume of 130-150 mL/kg/day of breast milk for 3
consecutive days. Babies were shifted to the ward once
vitalswere stable, without oxygen support, on full enteral
feeds, weighing atleast 1.2 kg with steady weight gain and
mother was confident intaking care of baby.

Satistical analysis: Comparison was performed by using
SPSS v.26 for Windows and Epilnfo 7.2.5.0. Qualitative
variables were summarized using frequency and
percentages. Quantitative variables were summarized as
mean (SD) or median (IQR) depending onthe normality of
the data. Univariate analysis was done with the t-test/
Mann-Whitney U test for continuousvariables. Chi-square
or Fisher’'s exact test was used for the association of
categorical variables with delayed FEF; the strength of
association was cal culated with relativerisk (RR) and its
95% CI. Extended Mantel-Haenzel Chi-sguare test was
used to analyzethelinear trend of timeto full feedsamong
preterm FGR without AREDF, AEDF and REDF.
Multivariable logistic regression was performed to
determine factors for delayed attainment of FEF and to
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adjust for potential confounders. P < 0.05was considered
statistically significant.

RESULTS

A total of 201 preterm FGR neonateswereincluded inthe
study. Participant selection, follow-up and outcome are
depicted in Fig. 1. Baseline characteristics of the study
participantsare shownin Tablel and short-term outcomes
inTablell.

Analysis of the trend between worsening doppler
status and delayed full feed attainment showed a
significant linear trend with P = 0.00015. Univariate
analysis showed AREDF, lower birth weight, lower
gestational age, lower platelet count at birth, sepsis,
antenatal steroids antenatal magnesium sulphate, hypo-
glycemiaand hemodynamically significant patent ductus
arteriosus (hs-PDA) were significancly associated with
delayed FEF establishment as shown in Table IIl.
Univariateanalysisof delayed attainment of FEF and birth
weight showed a significantly lower birth weight [mean
difference (95% CI) 0.14 (0.08 - 0.3)] among those with
delayed FEF attainment (P < 0.001). Mann-Whitney U test
revealed significantly lower gestational age and lower
platelet count at birth were associated with delayed FEF
attainment with P <0.001 and P =0.008, respectively. The
binary logistic regression for delayed attainment of FEF
performed by ENTER method showed AREDF, lower
gestational age and thrombocytopenia at birth as
significant independent predictors of delayed FEF
attainment among preterm FGR neonates as shown in
Table IV. Fig. 2 depicts the attainment of feeds in both
groups as a function of time. NEC accounted for 40%
deaths in the AREDF group while there were no deaths
attributedto NECinthenon AREDF group.

DISCUSSION

Preterm neonateswith AREDF were slower to attain FEF
withamedian (IQR) timeto FEF attainment of 12 (8, 16.5)
days. Another study reported a significant difference
between two groups with median (IQR) of 8 (6, 10) days
among neonates with and without AREDF [9]. A study
reported mean FEF attainment of 17.7 days [3] but the
mean day of feed initiation was 4.1 days. We observed a
differencein FEF attainment of 4 days between neonates
with and without AREDF, similar to aprevious study [3].
Another study reported the median (IQR) time to attain
FEF of 9 (8,12) days among REDF neonates[4]. Varying
study designs, diagnostic criteria, and study populations
make it difficult to compare the outcomes [4,10,11]. A
retrospective cohort study [3], reported that delayed FEF
attainment is not associated with AREDF. The present
study isaprospective cohort study and used astandardized
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feeding protocol and diagnostic criteria for feed
intolerance. Also, an objective primary outcome (time to
attain FEF) was used instead of subjective outcomeslike
incidence of feed intolerance or NEC to avoid biased
results. Prolongation of feed establishment is due to a
significantly increased incidence of feed intoleranceinthis
study. Thosewith extreme prolongation had either NEC or
sepsis, which are other factors that prolong FEF
attainment.

Both NEC and sepsis showed an increasing trend
among neonates with AREDF which was similar to
previousstudies[9-11] but decreased incidenceisreported
by another study [12]. There were four cases of stage 3
NEC and three of themwereintheAREDF group. Most of

Tablel Basdline Characteristicsof Fetal Growth Restricted
Neonates

Characteristics AREDF No AREDF P
(n=100) (n=101) value
Maternal age (y) 29(25,33) 27(23.5,30) 0.025
Primiparity? 34(34) 50 (49.5) 0.026
Hypertension® 72(72) 39(38.6) <0.001
Diabetesmellitus? 33(33) 22(21.7) 0.074
Infection? 18(18) 8(7.9) 0.033
Antenatal steroids? 76 (76) 54 (53.4) 0.001
Antenatal magnesium 62 (62) 42 (41.5) 0.004
sulphate?
Birthweight (g)° 1070 (220) 1210 (220) <0.001
Birth weight (g)2

500-750 g 7(7) 4(3.9) <0.001

751-1000 g 48 (48) 31(30.7)

1001-1250¢9 28(28) 26 (25.7)

1251-1500 9 15(15) 34(33.7)

1501-1750¢9 2(2 3(2.9)

>17509g 0(0) 3(2.9)

Gestational age (wk) 32(30,33) 33(30,34) 0.025
Gestational age?

28-31wk 48 (48) 35(34.6) 0.033

32-33wk 35(35) 30(29.8)

34-36 wk 17(17) 36 (35.6)
Malegender? 57 (57) 40 (39.6) 0.014
Cesarean section? 99(99) 81(80.1) <0.001
Resuscitation at birth? 22 (22) 20(19.8) 0.702
Apgar scoreat 5minutes  9(8,9) 9(8,9) 0.664
Hemoglobinat birth (g/dL) 17.6 17.9 0.839

(16, 18.9) (15.8,19)
Platelet count at birth 136 159 0.001
(x 10%L) (80, 170) (120, 200)

Values are presented as median (IQR), 2n (%) or Pmean (SD)
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Preterm (28-36 weeks) FGR Excluded (n=25) _
(n=226) 1 each of duodenal atresiawith annular pancreas, ileal

atresia, Edward syndrome, Potter syndrome, hydrops
fetalis with gross hydrocephalus, complex congenital
heart disease, anencephaly, complete heart block; 2 twin
to twin transfusion syndrome; 3 syndromic babies with
lethal malformations, and 12 cases with missing
antenatal doppler records

Included (n=201) |

Preterm FGRwithAREDF Preterm FGR without AREDF
(n=100) (n=101)

| |
Attai ned_full feed (n=85) Attained full feed (n=95)
Died (n=15) Died (n=6)

Fig. 1 Flow chart of participantsin the study

Tablell Short Term Outcomesof Fetal Growth Restricted NeonatesWith and Without Absent/ Rever sed End-diastolic Flow

AREDF (n=100) No AREDF (n=101) RR (95% Cl) Pvalue
Timeto full feeds(d) 12(8, 16.5) 8(5, 10) - <0.001
Feed intolerance? 60 (60) 40 (39.6) 151(1.13-2.02) 0.004
NEC 18 (18) 11 (10.8) 1.08(0.96-1.2) 0.160
Mortality, n (%) 15 (15) 6(5.9) 25(1.02-6.2) 0.036
Sepsis? 10 (10%) 5 (5%) 2.02(0.7-5.7) 0.173
Timetoregain birthweight (d) 15(11.5,19) 13(9, 17.5) - 0.035
Duration of hospital stay (d) 33(23,49) 20(15, 34.5) - <0.001
Parenteral nutrition (d) 10(7,15) 7(4,9 - <0.001
Duration of ICU stay (d) 13.5(7,21.5) 8(5,14) - <0.001
Weight gaintill discharge (g/kg/day)  8.5(6, 11.2) 7.38(2.9,11.7) - 0.215
Hypoglycemia? 32(32) 15(14.8) 2.15(1.2-3.7) 0.004
HIEab 10(10) 2(1.9) 5.05 (1.13-22) 0.016
RDSrequiring surfactant? 13(13) 21(20.7) 0.62 (0.3-1.17) 0.141
Duration of oxygen (d) 45(2,8) 3(1,5) - <0.001
Mechanical ventilation? 36 (36) 26 (12.9) 1.39(0.9-2.1) 0.115
hs-PDA? 12 (12) 8(7.9) 1.04(0.9-1.1) 0.334
Hypothyroidism&¢ 8(8) 1(0.9) 8.08 (1.02-63) 0.016
BPD?2 33 2(1.9) 1.5(0.25-8.8) 0.643
ROP requiring treatment @ 4(4) 1(0.9 4.04 (0.46-35) 0.212
Inotropeinfirst 5 days? 9(9) 6(5.9) 1.5(0.56-4) 0.409
Cholestasis? 7(7) 0 - 0.007
Metabolic bone diseasead 11 (11) 5(4.9) 1.06 (0.9-1.15) 0.113
IVH grade 3& 42 4(4) 0 - 0.059

Values expressed as median (IQR) or 2n (%); PNICHD Neonatal Research Network Sudy Criteria; “Recommendations of the Indian Society for
Pediatric and Adolescent Endocrinology (2018); 9Serum alkaline phosphatase > 800 IU/L or serum phosphorous <4 mg/dL, BPD
Bronchopulmonary dysplasia, HIE Hypoxic ischemic encephalopathy, hssPDA Hemodynamically significant patent ductus arteriosus, 1VH

Intraventricular hemorrhage; RDS Respiratory distress syndrome, NEC Necrotizing enterocolitis, ROP Retinopathy of prematurity
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Tablelll Predictorsfor Delayed Attainment of Full Feeds

Delayed FEF (n= 102, 56.6%) RR(95%Cl) Pvalue
AREDF 62 (72.9%) 1.73(1.32-2.26) <0.001
Primiparity 43 (57.3%) 1.02(0.7-1.3) 0.879
PIH 59 (61.5%) 1.2(0.9-1.56) 0.165
Maternal infection 14 (58.3%) 1.04(0.63- 1.73) 0.860
Incompletecourseof AS 30 (44.8%) 0.65(0.47-0.91) 0.013
Antenatal magnesium sulphate 57 (64.8%) 1.45(1.02 - 2.05) 0.032
Male 52 (61.9%) 1.25(0.89- 1.77) 0.185
Feed intolerance 50 (56.8%) 1.01(0.4-1.4) 0.410
Necrotizing enterocolitis 14 (58.3%) 1.41(0.8-2.3) 0.110
Sepsis 14 (100%) - <0.001
Hypoglycemia 28 (75.7%) 1.9(1.09-3.5) 0.009
Hypoxicischemic encephal opathy 5 (71.4%) 1.53(0.47 - 5.02) 0.700
Mechanical ventilation 30 (68.2%) 1.47(0.92- 2.36) 0.076
hs-PDA 11 (91.7%) 5.5(0.8- 36) 0.011
Inotropic support ininitial 5d 6 (66.7%) 1.3(0.5-3.3) 0.734
Hypothyroid 7 (87.5%) 35(0.5-22) 0.072
IVHgrade3& 4 3 (75%) 1.45(0.3-9.6) 0.634
BM + Formula 4(57.1%) 1.01(0.4-2.42) 1.000

AS antenatal steroid, FEF Full enteral feeds, hs-PDA Hemodynamically significant patent ductus arteriosus, IVH Intraventricular hemorrhage,

BM Breast milk

the deathsin AREDF group were due to NEC (40%) and
therewere no deathsdueto NECinthenon AREDF group.
Even though more neonatesin theAREDF group received
antenatal steroids, they had a higher incidence of NEC.
Thisalsoindirectly showsthat thereisanincreased risk of
NEC among AREDF neonates. In thisstudy more neonates
in the AREDF group received antenatal magnesium
sulphate compared to non AREDF group. The effect of
antenatal magnesium sulphate ontheincidence of NECis
controversial. There are reports of the protective effect of
antenatal magnesium sulphate on intestinal morbidities
requiring surgery in preterminfants; but onestudy reported
antenatal magnesium sul phateisassociated with death and
severe NEC among extreme preterm neonates[13].

Theincidenceof sepsisisnot significantly highinthis
study unlike some other studies [9,10]. Among AREDF
neonates, 10% had sepsis and the reported incidence has
ranged from 10-30%[9,14]. NeonateswithAREDF are at
increased risk of sepsis due to prolonged NICU stay for
parenteral nutrition and other comorbidities. Also, fetal
growth restriction affectsthe devel opment and function of
theimmune system in neonates.

There was an increased risk of mortality among
neonates with AREDF as reported before [9,12,14] and
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most of them are due to gastrointestinal tract compli-
cations like NEC. Among AREDF 6 (40%) deaths were
attributed to NEC. An all-cause mortality of 24% is
reported from astudy in Ethiopia[14].

Birth weight regain day, hospital stay and NICU stay
were prolonged for AREDF neonates. A higher incidence
of hypoglycemia was seen among AREDF in this study
compared to non-AREDF [9] and FGR is a known risk
factor for hypoglycemia [15]. Increased incidence of
neonatal cholestasis as a complication of prolonged
parenteral nutrition was seen among 7 neonates with
AREDF, but none among non-AREDF had it. One study
reported parenteral nutrition associated cholestasis is
earlier, prolonged and severeamong FGR [16]. Metabolic
bone disease, another complication of prolonged
parenteral nutrition, showed an increasing trend among
neonates with AREDF. Prolonged NICU stay [10] and
hospital stay were seen in AREDF group similar to
previousstudies|[3,9].

AREDF, gestational age and thrombocytopenia at
birth remained as significant predictors of delayed full
feed attainment [6,17] among preterm FGR neonates after
adjusting for gender, inotrope use in first 5 days, hypo-
glycemia, formula feed, hypothyroidism, antenatal
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TablelV Predictor sfor Delayed Feed Attainment Determined Using M ultivariableL ogistic Regression

B SE aOR(95%Cl) Pvalue
AREDF 0.904 0.358 2.469 (1.22- 4.98) 0.012
Gestational age -0.322 0.108 0.725(0.58-0.89) 0.003
Thrombocytopenia 0.979 0.359 2.663(1.31-5.38) 0.006
hsPDA 1.729 1.128 5.632(0.61-51.4) 0.126
Maternal magnesium sulphate -0.289 0.398 0.749 (0.34-1.63) 0.468
Antenatal steroids -0.694 0.371 0.499 (0.24-1.03) 0.061
Hypoglycemia 0.719 0.481 2.053 (0.8-5.269) 0.135

AREDF Absent/reversed end-diastolic flow, aOR Adjusted odds ratio, SE Sandard error

0.5

0.4 [

Percentage attained full enteral feed

0.07 —r

4 umbilicaldopExposure

) Mo AREDF
o AREDF

T T
o0 10.00 20,00

Time to attain full enteral feed

T T T T
30.00 40.00 S0.00 ©0.00

Fig. 2 Kaplan-Meier curve showing timeto attain FEF among FGR preterm with and without AREDF

magnesium sulphate/steroids and hs-PDA. Thrombo-
cytopeniaoccurring in thefirst 72 hours of lifeisusually
secondary to placental insufficiency and caused by
reduced platelet production.

Strength of the study includes its prospective design
and areasonably larger cohort of neonates with AREDF
from a level 111 NICU of a single tertiary care center.
Standard and updated operational definitions for diag-
nostic criteriaand standardized protocol for management
were used. Appropriate inclusion and exclusion criteria
were used to reduce selection bias. A good follow-up
enabled reducing bias due to non-response or attrition.
Unlike previous studies, an objective primary outcome
was selected to avoid measurement bias instead of
subjective outcomes like feed intolerance or NEC. This
study is limited by the absence of data on the middle
cerebral artery and post-natal splanchnic flow doppler
indices to evaluate the effect of brain sparing on the
tolerance of feeds.

Preterm FGR neonates with AREDF are slower to

INDIAN PEDIATRICS

attain full enteral feed. Cautiousenteral feed initiation and
advancement are recommended with careful monitoring.
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WHAT THIS STUDY ADDS?

Preterm fetal growth restricted neonates with absent/reversed end-diastolic flow in umbilical artery are slower to

attain full enteral feeds and have more feed intolerance.

Absent/reversed end diastolic flow in umbilical artery, lower gestational age, sepsis and thrombocytopenia at
birth are significant predictors of delayed attainment of full feeds in preterm fetal growth restricted neonates.
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ContinuousAntibiotic Prophylaxisin Infantswith Gradelll, IV, or V
Vesicoureteral Reflux

Source Citation: MorelloW, Baskin E, JankauskieneA, et al; PREDICT Study Group. Antibiotic prophylaxisininfantswith
gradelll, 1V, orV vesicouretera reflux. N Engl JIMed. 2023;389:987-97.

SUMMARY

Inthismulticentric, openlabel, randomizedtrial performed
across 39 European centers, the investigators randomly
assigned infants 1to 5 monthsof agewith gradelll, 1V, or V
vesicoureteral reflux (VUR) and no previous episode of
urinary tract infection (UTI) to receive continuous
antibiotic prophylaxis (prophylaxisgroup) or no treatment
(untreated group) for 24 months. The primary outcomewas
the occurrence of the first UTI during the trial period.
Secondary outcomes included new kidney scarring and
theestimated glomerular filtration rate (GFR) at 24 months.
A total of 292 participants underwent randomization (146
per group). Approximately 75% of the participants were
mal e; the median age was 3 months, and 235 participants
(80.5%) had grade 1V or V VUR. Intheintention-to-treat
analysis, afirst UTI occurred in 31 participants (21.2%) in
the prophylaxisgroup and in 52 participants (35.6%) inthe
untreated group [hazard ratio 0.55; 95% confidenceinterval
(CI) 0.35t00.86; P=0.008]; thenumber needed totreat for 2
yearsto prevent one UT| was 7 children (95% Cl 410 29).
Among untreated participants, 64.4% had no UTI during
the trial. Pseudomonas species, other non—Escherichia
coli organisms, and antibiotic resistance were more
common in UTI isolates obtained from participantsin the
prophylaxis group than inisolates obtained from thosein
the untreated group. The investigators concluded that in
infantswith gradelll, IV, or V VURand no previousUT]s,
continuous antibiotic prophylaxis provided a small but
significant benefit in preventing a first UTI despite an
increased occurrence of non-E.coli organisms and
antibiotic resistance.

COMMENTARIES

Evidence-based Medicine Viewpoint

This randomized controlled trial (RCT) examined the
efficacy and safety of a long-term antimicrobial
prophylaxisstrategy among infantswith high(er) grades of
vesicoureteric reflux (VUR) [1]. The elements of the
research question are as follows. Population (P): 1-5-
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month-old infants having VUR grades III, 1V, or V
(confirmed by either voiding cystourethrography or
ultrasonography), with no previous episode of sympto-
matic urinary tract infection (UTI); Intervention(1): Long-
term antimicrobial administration; Comparison (1): No
long-term antimicrobial administration; Outcomes (O):
Symptomatic UTI episodes, timetofirst UTI episode, new
rena scarring, glomerular filtration rate (GFR), UTI
organisms isolated, antimicrobia resistance pattern
amongst isolated organisms, and serious adverse events;
Time-frame of the outcome measurements(T): Two years,
athough the trial protocol mentioned that the infants
would be followed-up for five years [2,3]; and Sudy
setting (S): Multiple European institutions managing
childrenwithVUR.

In addition to the eligibility criteria described above,
infants had to have gestation > 35 weeks, and GFR > 15
mL/min/1.732 surface area. Infants were excluded if they
had episode(s) of previous UTI, or other conditions
predisposingtoVUR (and/or UTI) viz. neurogenic bladder,
posterior urethral valves, or other obstruction at the
uretero-pelvic or uretero-vesical junctions. The trial
protocol additionally mentioned that the receipt of
(unspecified) “ experimental drugs’ during themonth prior
toenrolment wasan exclusioncriterion[2,3].

The intervention was two continuous years of once-
daily ora antibiotic administration. Study site investi-
gators could choose the antimicrobial (based on the local
patterns of sensitivity of E. coli) from one of the four
options viz. nitrofurantoin, coamoxiclav, cefixime, or
cotrimoxazole. Therewerecriterialaid down for changing
the chosen antimicrobial. Infants in the comparison arm
did not receivethe antimicrobial.

Follow-up visitswere scheduled at 4 monthly intervals
during the first year after enrolment, and 6 monthly
interval sduring the second year. Thesevisitswere used to
confirm adherenceto the prescribed regimen by reviewing
diaries completed by families. The occurrence of sympto-
matic UTI or adverse events prompted additional visits.
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Critical appraisal: The methods for generating the
allocation sequence, and concealment of allocation, were
not described in the publication [1]. Asthe online supple-
mentary files and trial protocol were inaccessible, the
relevant trial registries [2,3] were examined, but the
information was unavailable there aso. However,
individual infants were randomized with stratification
based on the presence of renal parenchymal damage. The
randomization process appears to have been effective as
there were no inter-group basedline differences in the
gender distribution, age at enrolment, proportion with
abnormal antenatal ultrasonography, distribution of VUR
grade, prevalence of bilateral VUR, and the distribution of
DM SA aswell as ultrasonography scan abnormalities. In
terms of renal function, blood pressure and GFR were
comparable. There were also no statistically significant
differencesin the proportion of infants who had received
antibiotic prophylaxis prior to enrolment.

The participating infants and caregivers were not
blinded to theallocation. Theinvestigators suggested that
the primary outcome, did not necessitate blinding.
However, this may not be true, because the outcome was
‘symptomatic’ UTI (and not any UTI). The trigger for
parents to suspect UTI and approach the healthcare
system was the presence of fever >38.0° C, unwell
appearance, irritability, or loss of appetite. Therefore, a
scenario can be envisaged wherein parents of infants
receiving antimicrobial prophylaxis, were more confident/
securein not reporting the appearance of these symptoms,
compared to those not receiving prophylaxis. In this
situation, UTI could be missed, especidly if infants
recovered uneventfully. Therefore, ideally blinding should
have been attempted in thistrial.

The investigators did not report adherence to the
prescribed antibiotic prophylaxis regimen. More impor-
tant, they did not report whether there were deviations
from the intended interventions. Thus, it is unclear
whether all infants continued to receive whatever was
allocated at randomization (i.e. antimicrobial or no
antimicrobial). Given that almost 50% infants had taken
antibiotic prophylaxis before enrolment into the tria
(although theduration and interval werenot specified), itis
likely that infantsin the comparison arm could have taken
antibiotics independent of the trial (assuming that thisis
feasible in the trial countries). However, had this
happened, we would expect to observe less difference in
the outcome of symptomatic UTI between the two trial
arms. Thissuggeststhat the observed reductioninUTl isa
robust result.

AlthoughaCONSORT diagram wasnot published [1],
the attrition rate was reportedly low and comparable
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between thetrial arms. Further, intention-to-treat analysis
was undertaken. However, the dropout rates for al the
outcomeswere not published.

The methods for measuring the outcomes were
appropriate, and there was no inter-group differencesin
this. All theoutcomesreported wereclinically relevant and
most were al so patient-centric. However, it isunclear why
only serious adverse eventswere recorded, rather than all
potential adverse events. Two years ora antibiotic
consumption (albeit in lower than therapeutic doses) is
expected to be associated with awiderange of known side
effectsbesides other events (difficult to classify ascaused
by antibiotics). However, thisimportant information was
not recorded.

Theauthorsdid not comment about selective outcome
reporting. However, a glance at the trial registries [2,3]
identified several outcomesthat werenot reported [1]. For
example, hypertension and proteinuria were to be
measured and reported at each of the scheduled follow-up
visits. Similarly, gut microbiome eval uation was planned
not only at these scheduled visits, but also annually until
five years after enrolment. Even the secondary outcomes
such as serum creatinine, and others like serum cystatin
were to be measured annualy until five years after
enrolment. Similarly, body massindex wasto bereported at
theend of 2 and 5 years. Moreimportantly, renal scarring
was to be evaluated at the end of five years, and not two
yearsalone. It is possible that some of these observations
may appear in other publications.

Itisinteresting that whilethe publication [1] suggested
that antimicrobial prophylaxis was the intervention, and
‘no prophylaxis’ was the comparison, the trial registries
[2,3] described it the other way around; no antimicrobial
prophylaxiswasthe experimental arm, and antimicrobial
prophylaxis was the active comparator. Although this
switch does not impact the interpretation of the data, it
suggests that prior to the trial, antimicrobial prophylaxis
use was not uncommon in the study settings, and the
effort was to assess whether its omission would make a
difference. However, it can be argued that in such a
situation, a noninferiority trial design would be appro-
priate. This would have implications on the sample size
calculation and datainterpretation.

Thetria had several methodol ogical refinements. The
main outcome, ‘ symptomatic UTI’ wasclearly defined on
thebasisof acombination of clinical symptoms, urinalysis
findings, and quantitative bacterial culture with specimen-
specific cut-offs. Thisfosters confidence of alow likeli-
hood of misclassifying symptomatic UTI. However, it
appearsthat only about 80% of those diagnosed with UTI
had fever. This raises two important issues. First, there
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wereno UTI-specific symptoms (for want of abetter term)
such as crying during micturition, increased frequency,
etc. Second, the symptoms were mostly non-specific for
UTI. Inother words, thetriggersfor urinalysisand culture
could have missed some episodesof UTI. Astherewasno
recording of asymptomatic UTI through serial cultures, the
overal prevalenceof UTI inthetwo groupsisunclear.

Thepre-trial sample size calculation necessitated 218
infants in each arm to detect a 20% difference in
symptomatic UTI with 90% power. A pre-planned analysis
when approximately half the sample size was enrolled,
suggested the need to continue thetrial (asthere were no
detectabl e benefits or harmswarranting early cessation of
thetrial). At this point (inexplicably), power of 80% was
deemed sufficient and the sample size was re-calcul ated,
dashingit to half of theoriginal. The stated justification of
“steady accrual of 50 participantsper year” isunclear. Of
course, sample size calculation was undertaken only for
the primary outcome, and not all the reported outcomes.

Renal scarring was identified by the observations on
DMSA scans, and the abnormalities consistent with
scarring were clearly defined. The DMSA scans were
secured in a central database for blinded re-reporting.
There was aso a process for handling disagreements
between the reporting of individual observers. These
refinements enhance confidenceinthereporting. However,
this elaborate process was not standard procedure and
only those images uploaded to the database were re-
reported.

The investigators reported that 867 infants were
screened to finally enrol the required sample size.
However, the criteria for screening potentialy eligible
infantswere not described. Thisinformation isespecially
important becausetheinclusion criteriawereinfantswith
confirmedVUR (111, 1V, or V) but without prior UTI. Further,
several conditions resulting in high(er) grade VUR were
excluded. As the median age of enrolment was about 3
months, it appearsthat antenatally diagnosed urinary tract
anomalies and/or early postnatal identification of this,
would have been necessary. This perception is supported
by the facts that over half of the screened infants already
had renal scan abnormalities, and only one-third of the
infants had experienced UTI. Perhaps this explains how/
why over half the enrolled participants had aready
received antibiotic prophylaxis by the age of enrolment.
This makes the enrolled cohort a carefully selected
subgroup of infants with VUR, thereby limiting
generalizability.

How tointerpret theresults of thistrial? On one hand,
there was an impressive relative decline in the frequency
of symptomatic UTI with long-term antimicrobial
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prophylaxis; on the other hand, there was no impact on
renal scarring, or renal function (serum creatinine, or GFR).
This raises several troubling questions for physicians
managing children with VUR. For example, could renal
scarring beindependent of UTI (at least symptomatic UTI,
asthistrial suggests)?If so, areprevious datafocusing on
UTI preva ence meaningful ? Should (harder to document)
anatomic and/or functional renal outcomes having long-
term consequences, be given precedence over the (easier
to measure), shorter-term consequences of UTI episodes?
Could there be a subgroup of patients wherein there may
bearel ationship between UTI episodesand rena scarring,
within thisand/or other trial s? Unfortunately, thereareno
ready answers to these vexing questions. Since the time
interval to the first episode of symptomatic UTI was not
reduced with antibiotic prophylaxis, and the proportion
with UTI requiring hospitalization was comparable
(suggesting similar severity of episodes), the statistically
significant, clinicaly meaningful reductionin symptomatic
UTI, suggests that there could be a subgroup with better
response.

Similarly, how to explain that prophylaxis was
associated with fewer infants having < 2 episodes of
symptomatic UTI, but moreinfantshaving > 3 episodes?
Is this an artefactual finding? Or could the local
microbiomebedtered in such amanner that afew children
were predisposed to have greater episodesof UTI?Again,
intheabsence of data, it isdifficult to clarify theseissues.

Third, it is interesting that only about one-third of
infants developed symptomatic UTI over two years
follow-up, despite not receiving prophylaxis. Thisby itself
makes astrong caseto suggest that antimicrobial prophy-
laxis may not be required in al such infants, and that the
observed reduction in symptomatic UTI is probably
driven by a subgroup with better response.

The authors themselves did not focus exclusively on
thebeneficia effect of antibiotic prophylaxis, but weighed
it against the potential harms of this approach [1].
Therefore, they unequivocally stated that their results
argue against long-term antimicrobial prophylaxis. Their
balanced approach is laudable. However, this evidence-
based viewpoint is in divergence with the authors on a
couple of subtle, but important points. The trial
documented reduction in symptomatic (emphasi s added)
UTI, therefore the authors' statement that “the number
needed to treat to prevent one UTI was 7" [1] isincorrect.
More accurately, 7 children would need to receive
prophylaxis to prevent one additional episode of
symptomatic UTI. The importance of the distinction
between symptomatic UTI, and UTI, hasbeen highlighted

already.
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What istheimpact of thisstudy on Indian infantswith
this condition? First, unless there is meticul ous antenatal
and/or postnatal screening (with ultrasonography, radio-
nuclide scanning, and cystourethrography), it is very
difficult toidentify asymptomatic infantswith high grades
of VUR. Second, VUR is generaly detected when
episode(s) of UTI areidentified, with or without additional
risk factors. Theresultsof thistrial arenot extrapolatableto
such infants. Third, continuous antibiotic consumption
for two years among infants in our setting, is likely to
createmore harmthan good, both toindividual infantsand
also the community at large. However, the consequences
of symptomatic UTI in our setting may be different from
that in European countries, making acasefor considering
long-term antibiotic prophylaxis in some infants.
Thankfully, the lack of benefit on most outcomes in this
trial, with additional demonstration of harm, tipsthescales
against antimicrobial prophylaxis.

Conclusion: This elaborate RCT among young infants
with pre-confirmed renal dysplasia(but no episodeof UTI)
demonstrated a satistically significant reduction is
symptomatic (emphasis added) UTI, with two years of
continuous oral antibiotic administration. However, there
was no effect on therisk of developing new renal scarsat
the end of the trial period. Further, there were clinically
important negative effects of antibiotic prophylaxis,
notably the emergence of antimicrobial resistance
amongst common organisms, appearance of other than
usual organismsin urine cultures, and athree-fold higher
probability of multidrug resistant organisms. Some
clinically important safety outcomes such as the
frequency and severity of al/any adverse events, and the
impact on the gut microbiome (and its conse-quences) were
not reported. Overall, the findings of this trial argue
against theuse of antimicrobial prophylaxisamong infants
conforming to thoseincluded in this studly.
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Pediatric Nephrologist’s Viewpoint

Primary VUR is often diagnosed following a UTI or on
evaluation of antenatal hydronephrosis [1]. Low-dose
antibiotic prophylaxis is the commonest strategy
employed to prevent UTI in children with VUR [2].
Considering the risk of antimicrobial resistance (AMR)
and modest efficacy, most international guidelines
recommend itsjudicioususe[3-5].

Theroleof antibiotic prophylaxisin prevention of UTI
in VUR detected on evaluation of antenatal hydro-
nephrosis is unclear. The PREDICT tria assessed the
efficacy of antibiotic prophylaxis in infants with high-
grade VUR (Il1, 1V and V) prior to developing UTI [6].
Authors in this multicenter, open-label trial used four
different antibioticsfor prophylaxisover 24 months. There
was a significant reduction in risk of symptomatic UTI
(35%) on prophylaxis as compared to no therapy (21%)
with no difference in efficacy between different anti-
biotics. However, similar to previoustrials[7-9] in children
with VUR, this study also failed to show a significant
differenceinkidney scarring and function over 24 months.
Interestingly, new kidney scars developed even in
childrenwho did not have UTI which could belikely dueto
progression of underlying dysplasia. The study also
observed higher AMR in prophylaxis group compared to
untreated group [6].

Thislargetrial reaffirms modest benefit of antibiotic
prophylaxis for preventing UTI in high-grade VUR.
Whereas the benefit was found in girls and not boys, the
study was not powered for subgroup analysis. While we
agree that only two-thirds of children had UTI, similar
ratesof UTI areobservedin VUR detected following UTI
[7]. Authors of the PREDICT trial were cautiousin their
conclusion about the use of antibiotic prophylaxis dueto
lack of differenceinkidney scarring and AMR associated
with this intervention [8]. However, similar to previous
trials risk of serious adverse events, hospitalization, or
requirement of intravenous antibiotic therapy in
intervention group was not higher despitehigher AMR. In
recently updated evidence-based guidelines, authors
have provided weak recommendations for its use to
prevent UTI in high-grade VVUR detected antenatal ly [3].

A key messagefor pediatriciansfrom thisstudy isthat
every child with antenatal hydronephrosis should not to
be given antibiotic prophylaxisexcept thosefound to have
high-gradeVUR.
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Pediatrician’s Viewpoint

The PREDICT study group’sinvestigation into antibiotic
prophylaxis (AP) for infants with high-grade vesicoure-
teral reflux (VUR) shedslight on critical considerationsfor
pediatricians. In this study continuous AP significantly
reduced the risk of the first symptomatic urinary tract
infection (UTI) compared to no treatment (hazard ratio
0.55). The study, conducted in 39 European centres,
provides valuable insightsinto the potential benefits and
risksof APinthisvulnerable population[1].

Thebenefitsincludeanoteworthy 45% reductioninthe
risk of initial UTIs, potentially sparing childrenthepainand
complications associated with these infections. Preser-
vation of kidney function is another positive outcome,
emphasizing the potential long-term advantages of pro-
phylaxis. A landmark study, RIVUR trial, evaluated the
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impact of trimethoprim-sulfamethoxazole prophylaxisin
this population. The study concluded that prophylaxis
reduced the incidence of UTIs, but the overal clinica
significance of this reduction remained a subject of
debate[2].

Pediatricians who support AP argue that preventing
UTIsininfants with high-grade VUR is crucial for mini-
mizing the risk of rena scarring and long-term
complications. Renal scarring can lead to hypertension
andrenal insufficiency later inlife, making the prevention
of UTIsapriority inthesecases[3-5].

However, the use of AP must be carefully weighed
against associated risks. Antibiotic resistance, a signi-
ficant concern, may arise from overuse and impact future
treatment options. Side effects, including diarrhea, nausea,
and vomiting, further underscore the need for a balanced
approach. Disruption of the gut microbiota, with potential
downstream health implications, adds another layer of
consideration[1].

Pediatricians are urged to adopt an individualized
approach, considering the child’s unique circumstances,
risk factors, and family preferences. The decision-making
process should involve collaborative discussions with
parents, emphasi zing the need for anuanced eval uation of
therisksand benefitsof AP[6]. Variousrisk factors (family
history, gender, laterality, age at presentation, presenting
symptoms, VUR grade, duplication, and other voiding
dysfunctions), early stratification help in identification of
patients with potential risk of renal scarring and urinary
tract infections.

The study’s findings prompt a reconsideration of
current guidelines, advocating for a case-to-case
decision-making approach. While the reduction in UTI
incidenceis notable, acomprehensive evaluation of each
child’s risk factors is essential. Ongoing research is
needed to optimizethe duration and type of prophylaxis.

Inconclusion, the PREDICT trial contributesvaluable
insightsinto the use of continuous antibiotic prophylaxis
for infantswith VUR and no prior UTlIs. Pediatriciansare
encouraged to carefully balancethe modest yet significant
benefitsagainst potential risks, fostering athoughtful and
personalized approach to care for this vulnerable
population.
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Smooth RoadsAhead: L essonsFrom our Sick Neonate Retrieval Service
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ABSTRACT

Strategiesfor freetransfer of sick neonatesto hospitalsarein place, but reports suggest suboptimal statusof the same acrossthe country.
Over 7 years, our Sick Neonate Retrieval Service (SNRS) transported 165 neonates, of whom 92.1% survived. Safe, stable
transportation mandatesthe presence of aneonatol ogy-trained doctor and nursein an equipped ambulance.

K eywor ds: Ambulance services, Neonatal transport, Newborn

Clinical status of sick neonates who need referral for
advanced care often warrants upgradation of treatment
before or during the process of transport. The increased
risks associated with interhospital transport of sick
neonates can be minimized when the transport is being
performed by trained neonatal retrieval teams. The
developed world has established systemsin place for the
retrieval of sick neonates[1].

Free transport facilities for pregnant women and
neonates by the National Ambulance Service (NAS),
emergency medical training of driversand attendantshave
beenintroduced invariousstatesacrossindia[2]. Clinical
practice guidelineswith descriptions of elementsrequired
for efficient transport of sick neonates are available in
India [3]. Individual hospital-based data have also
demonstrated that those infants who are accompanied by
trained personnel fare better than those who come by self-
arranged or unequipped means[4]. However, theliterature
pertaining to neonatal transport from various parts of the
country reports a dismal picture [5]. This retrospective
analysis aimed to systematically describe the experience
of our hospital over aperiod of seven years (2016 to mid-
2023) with the Sick Neonate Retrieval Services (SNRS)
wherein the presence of a neonatology-trained doctor,
nurse and patient care assi stant in the equi pped ambulance
ismandated
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Weareal evel 111B accredited (National Neonatology
Forum, India) unit in a tertiary care facility of South
Keraa, India. A written protocol isin placefor the SNRS.
A phone call or email or fax or text message from the
referring doctor or family, documentsthetransport request
and hel ps determine the history and clinical status of the
infant. The daily duty-roster includes one doctor and a
nurse responsible for a possible SNRS during the shift.
The necessary equipment, prearranged in aready-to-grab
bag iscross-checked and the onward journey ismadewith
the siren of the ambulance wailing and beacons flashing.
When the team arrives at the pick-up destination, we
follow the “stand and play method” where the baby
receives treatment and stabilization on scene before
transportation to thereferral centrerather than“ scoop and
run”. The return journey is pursued at a steady pace to
ensure comfort of the team and control over the baby’s
requirements enroute. Documentation of vitals and
interventionsduring transport aredone systematically. We
strive to reverse transport when clinical stability is
ensured, based on the family’s preferences and readiness
of thereferring doctor.

A sample size of 139 was calculated based on pilot
data collected from our unit. We presumed that 90% of
neonates who were transported by the SNRS would
survive, with aprecision of 5% and atype | error of 5%.
Complete data was available for 7 years (2016 to mid-
2023) from the el ectronic medical records of our unit.

Since this was a retrospective descriptive study,
informed consent was not obtained, however, privacy and
confidentiality of all patients is ensured. Data of 165
neonates transported by SNRS was anayzed.
Demographic details, pre-referral clinical information,
and outcomes are described in Table I. Of the 165
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Sick NEONATE RETRIEVAL SERVICE

Tablel Demographicand Pre-Transport Clinical Char acteristicsof Retrieved Neonates (n = 165)

Characteristic

Value

Gestational age (wk)2

Birthweight (g)2

Malegender?

Postnatal age at transport (d)@

Primary reason for referral®

Respiratory distress

Preterm care

Very preterm

Encephal opathy

Shock/ heart disease

Major congenital malformationsand multiorgan dysfunction
Pre-referral supportsalready present?
Thermal control and feeds/maintenancefluidsalone
Non-invasive respiratory supportintubation and ventilation
Central venousline

Inotrope support

Hypoglycemiacorrection

Catchment area®

Withinthecity

Withindistrict limits

Neighboring districts

Neighboring states

Maldives (overseas)

Therapies commenced at referring hospital by SNRS?
No additional supports

Oxygen/ Non-invasiveventilation
Hypothermiacorrection

Intubation and ventilation

Fluid bolus/ inotropeinitiation for shock

At our unit

Outcome: Survival till discharge?
Reversetransport after stabilization®

Referred to other unitsfor continuation of care?
Duration of hospital stay (d)2

Central lineinsertion®

I notrope support?

Hypoglycemiacorrection intravenous?
Non-invasiverespiratory support?
Conventional ventilation?

High frequency ventilation®

Inhaled nitric oxidetherapy®

37 (33, 38) (Range 25t0 40)

2660 (1880, 3007) (Range 705 to 5100)
99 (60)

2(0,9) (RangeOto 71)

90 (54.5)
82(49.7)
39(23.6)
18(10.9)
15(9.1)
34(20.6)
33(20)
66 (40)
66 (40)
19 (11.6)
37(22.4)
19 (11.7)

40 (24.2)
62 (37.6)
31(18.8)
21(12.7)
11(6.7)

115 (69.7)
34(20.6)
28(16.9)
16(9.7)
38(23)

152 (92.1)
42(25.5)
4(2.4)
6(3, 15) (Range2t097)
48(29.5)
32(19.4)
17(6.1)
58(35.2)
38(23)
17(10.3)
10(6.1)

Value expressed as @median (IQR) or n (%)
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neonates, 152 (92.1%) survived. It is important to
emphasize that SNRS team was required to commence
therapies at the referring hospital itself for 50 neonates
(30.3%). None of the babies showed clinical deterioration
at admission at our unit when compared to the
hemodynamic status at the start of travel. Four families
requested transport to other centerswherethey eventually
expired. Five of the nine infants who expired in the unit
had major congenital malformations; 3 were extreme
preterm neonates who were transferred after one week of
lifein amoribund state; one had an intestinal perforation
pre-transport and developed refractory shock. We have
conducted four air transports in commercia airlines
(Bengaluru and Maldives). The process involved
documentation and extensive arrangements including
clearancefor oxygen cylindersand mechanical suctionsto
be madein advance.

Thereexist different modelsfor institutions catering to
emergency medical services (EMS) out of hospital. The
Franco-German model is physician-led while the Anglo-
American one is dependent on trained paramedics [6].
India has schemes based on regional circumstances like
theNAS, Emergency Management and Research I nstitute
model, Bihar model, Janani Express Scheme etc. [7].
Auditsin2013-2014, however, show that lessthan 20% of
pregnant women usethe NASin six states[2].

In our study group, no neonate showed signs of
deterioration at admission. Reports about neonatal
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transport from several parts of the country are not
reassuring with up to 40% deaths within 24 hours of
admission [8,9]. Suboptimal conditions were reported
leading to 20% mortality; 76% were hypothermic at
admission [10]. Multivariate analyses by Singh et a
revealed that the need for immediate cardiorespiratory
support on arrival, and absence of medica staff during
transfer were significant predictors of mortality [4]. We
wish to emphasize by our report that a robust system for
retrieval of sick neonates with special emphasis on the
mandatory presence of neonatology trained doctors and
nurses is not only feasible, but aso worthwhile and
rational. Number of medical trainee seats for post-
graduation in pediatrics and postdoctoral courses in
neonatology areincreasing across the country. With over
4000 doctorstraining inthese subjectsat any point of time,
it should be prudent to earmark transport teams with
specified duty rotations in every teaching hospital, both
government and private. Instead of dealing with
unexpected arrival of a crashing neonate to emergency
rooms, an appeal heedsto go out to all tertiary public and
private sectors who have facilities for advanced neonatal
careto consider organized retrieval of sick neonatesfrom
specific catchment areas. A model for SNRS would
depend on closest availabletertiary carefacility, financial
status of the family and distance acceptability, logistics
like distance from home, accommodation facilities etc
(Fig. 1). The design of a multimedia app (not unlike the
food delivery apps) would be recommended so that the

'TT ;
H.E.LEVE' 3 with manned SNRS

B:LEVEIZ}'E without SNRS
gy Level 1 facility

P: Private hospital

G: Governmenthospital

i—: Sick neonate

Fig. 1 Suggested Sick Neonate Retrieval Network: Sick neonateinal evel | Government/Privatefacility. Transport call to the nearest
Government/ Private ingtitute with manned transport ambulance. Solid black arrow depicts rushing to retrieve sick neonate. The
network can decide based on bed/ facility availability to move baby in equipped and manned ambulanceto private/ government Level
2/3facility aswarranted (black dotted arrow). The choice of hospital for further careisbased on multiplefactorslike distance, family
choices, bed availability, stability for near/far transport.
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referring doctor can rapidly recognizethe nearest transport
team available, estimated arrival timeby realtime satellite
maps of traffic and road conditions and closest intensive
carebed/ hospital withtherequisitefacilities. Thesegoals
would need immense networking and collaboration
amongst units to achieve one step towards equitable
distribution of health services, and thetarget of singledigit
neonatal mortality rateby 2030sin India.

Private-public partnershipsand use of multimediaand
networking would go along way in optimizing support for
these sick neonates. Thereisabeacon of hope for smooth
roads ahead with small stridesfrom each of us.
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Hemodynamic M anagement Strategiesin Pediatric Septic Shock:
Ten Conceptsfor theBedside Practitioner

SuchitraRanjit, Rajeswari Natraj
Pediatric Intensive Care Unit, Apollo Children'sHospital s, Chennai, Tamil Nadu, India

ABSTRACT

Thethree pathophysiol ogic contributorsto septic shock include varying combinations of hypovolemia(relative > absol ute), decreased
vascular tone or vasoplegia, and myocardial dysfunction. Thethreepillars of hemodynamic support includefluid boluses, vasopressors
with or without inotrope infusions. The three end-points of hemodynamic resuscitation include an adequate cardiac output (CO),
adequate mean arterial pressure (MAP) and diastolic blood pressure (DBP) for organ perfusion, and avoiding congestion (worse
filling) parameters. Only 33-50% of septic patients show post-fluid bolus CO improvements; thismay be sustained in> 10% on account
of sepsis-mediated glycocalyx injury. A pragmatic approach isto administer asmall bolus (10 mL/kg over 20-30 min) and judge the
response based on clinical perfusion markers, pressure elements, and congestive features. VVasoplegiamarked by low DBPisamajor
contributor to hypotension in septic shock. Hence, astrategy of restricted fluid boluswith early low-dose norepinephrine (NE) (0.05-
0.1 pg/kg/min) can be helpful. NE may also beuseful in septic myocardial dysfunction (SMD) asaninitial agent to maintain adequate
coronary perfusion and DBPwhile minimizing tachycardiaand providing inotropy. Severe SMD may benefit from additional inotropy
(epinephrine/dobutamine). Except vasopressin, most vasoactive drugs may safely be administered viaaperipheral route. Thelowest
MAP (5th centilefor age) may be an acceptabl etarget, provided end-organ perfusionissatisfactory. A clinical individualized approach
combining the history, serial physical examination, laboratory analyses, available monitoring tools, and repeated assessment to
individualize circulatory support may tolead to better outcomesthan one-size-fits-all algorithms.

Keywor ds: Fluids, Hemodynamics, Norepinephrine, Restrictive

Sepsis is a leading cause of morbidity, mortality, and
hospitalization for children worldwide with > 80% of
sepsis occurring in lower- and middle-income countries
(LMICs) [1]. The 2020 Pediatric Surviving Sepsis
Guidelines Campaign (peds-SSC) compiled evidence-
based recommendations [2]. However, there was only
limited evidence to guide the care in healthcare settings
such as Indiawith only few trained pediatric intensivists
and level 1 and 2 pediatric intensive care units (PICUs)
and fewer level 3PICUs, vastly insufficient for theIndian
pediatric population, which occupy avast middle ground
between high-income countriesand health facilitieswhere
the ‘Fluid Expansion as Supportive Therapy (FEAST)
study’ was conducted [3]. Inthisarticlewewill discussten
concepts in the hemodynamic management of pediatric
septic shock that may be helpful for the bedside
pediatrician.

1. Pathophysiology of sepsis and septic shock
Sepsis and septic shock occur because of adysregulated
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host responseto not just bacterial infectionsbut alsoviral,
fungal, and parasiticinfections. Theensuing inflammatory
response is a complex interaction between the inciting
pathogen, the host immune response, pro- and anti-
inflammatory cytokines, among others. The severity and
responseto treatment may bealtered by host and pathogen
factors such asage, genetic susceptibility, microbial load,
virulence etc. A dysregulated host response may be
recognized by the presence of multi-organ dysfunction,
often remote from the infective focus. Cardiovascular
dysfunctioninthesetting of sepsis, called as septic shock,
representsthe severest form of sepsis. Clinical features of
pediatric septic shock may have a combination of 3 or
more of thefollowing: tachycardia(whichispersistent and
disproportion to fever), decreased peripheral perfusion,
with feeble/absent or bounding peripheral pulses, low or
normal mean arterial pressure (MAP), altered conscious-
ness/irritability, capillary refill time (CRT) that isflash or
prolonged > 2 seconds, mottled or cool extremities, and
decreased urine output [4].

Children, like adults, may have various clinica
phenotypes, of which the vasoplegic/vasodilatory pheno-
type of septic shock may be most common [5]. Thethree

VoLUME 61—MARCcH 15, 2024



66

fundamental pathophysi ol ogic contributorsto septic shock
include hypovolemia, decreased vascular tone (or
vasoplegia), and cardiac dysfunction [5,6]. However,
these may not be clinically obvious at presentation, and
may dynamically progressduring theinitial 24-48 h.

The three main pillars of cardiovascular support
includefluid bolus (FB) administration to restore adequate
circulating volume, vasopressor infusions to maintain
vasomotor tone, and inotropes to improve cardiac
contractility.

Thethree end points/goal s of effective hemodynamic
resuscitation include an adequate cardiac output (CO); the
clinica markers of which include a good extremity
perfusion, and normal CRT, asufficient MAPand diastolic
blood pressure (DBP) to ensure adequate organ perfusion,
and avoiding worsening of filling (respiratory) parameters,
as discussed further. Furthermore, shock resuscitation
must optimize both macrocirculatory variables (CO,
MAP) as well as microcirculatory parameters (regional
blood flow distribution), of which capillary refill time
(CRT) may beasurrogate[7].

2. Early recognition, screening tools and initial
stabilization

Most childhood infections are not associated with
cardiovascular failure (septic shock) or other organfailure.
Only asmall minority may progressto septic shock; early
recognition of this subset based on certain “Red flags’ is
imperative so that immediate resuscitation is instituted.
Pediatricians must have age-appropriate vital parameter
values(Tablel) prominently displayedintheir clinicsand
wards so that the frontline caregivers are able to identify
thosein need of urgent intervention. Implementation of a
septic shock identification/screening/trigger tool [8]
which combinesvarious conditions(e.g., high-risk patient
conditions, abnormal vital signs, and/or physical findings)
may help prompt further evaluation or referral.

3. Circulating volume in septic shock and the
responseto fluid boluses

Therearedifferencesin hypovolemiainfluid-losing states

TeEN CONCEPTS IN PEDIATRIC SEPTIC SHOCK

diarrhea/vomiting) resultsin absolute hypovolemia. Here
thefluid losses |ead to decreased venous return (VR) and
thereby decreased CO, with compensatory risein systemic
vascular resistance (SVR), recognized clinically by cold
extremities with narrow pulse pressures [4]. Fluid
replacement leadstoimproved VR, CO and normalization
of theelevated SVR.

However, septic shock is not a primary fluid-losing
state, and relative hypovol emia (dueto redistributed blood
volume) is far more common than absol ute hypovolemia
[8,9]. Moreover, the SVRisoften low in septic shock, this
is discussed further below. The response to fluid bolus
(FB) isvariablein septic shock. Disruptions of the inner
lining of the vascular endothelium are unique to inflam-
matory states including sepsis [10]. Glycocalyx injury
increasesvascular permeability, and interstitial fluid shifts
may be further potentiated when FB are rapidly adminis-
tered [10]. Interestingly, while FB generaly corrects
hypotension in both hypovolemic states as well as septic
shock, in some patients, fluid loading itself may potentiate
sepsis-associated vasoplegia, and lead to lower MAP and
diastolic BP [11,12]. Adverse effects of large-volume
fluids may be observed in several organs, including the
cardiovascular system, lungs, and brain [13]. Moreover,
fluid-induced hemodilution may result in paradoxical
decreaseintissue oxygen delivery [14].

The variable response to FB in septic shock suggests
that, after the initial 20mL/kg bolus (provided in two
aliquotsof 10 mL/kg each), every subsequent bolus must
beearned, rather than being automatically prescribed.

Fluid bolus prescriptions in septic shock

Cautious initial fluid resuscitation using isotonic
crystalloids at 10 mL/kg over 20-30 min may be safely
administered, and the response carefully monitored. If
there is no worsening, and the history indicates ongoing
fluid losses (diarrhPublished online: Jan 09, 2024; PII:
S097475591600584€a + vomiting), the FB may be repeated
and titrated to match thelosses[15].

Fluid type

compared to septic shock. Fluid lossesintheformer (e.g., Large volumes of norma saline may induce
Tablel Age-appropriateVital Parameter Values
\ital sign parameter Age<ly 15y >5-10y >10-16y =>16-18y
Heart rate (beats/min) (Upper limit of normal) 180 140 120 100 90
Minimum systolic blood pressures (<5th centile) (mmHg) <70 70+ 70+ 90 90
(age?x2) (age? = 2)
Respiratory rate (breath/min) (Upper limit of normal) 60 40 30 30 16

2ageinyears

INDIAN PEDIATRICS

266

VoLUME 61—MARCcH 15, 2024



Ranjit, Natraj

67

Suggested Pathway for fluid &
vasoactive titration in Septic Shock

Fluld bolus, 10 ml/kg
over 20 min

repeat if fluid-losing states

@ 0.05-0.1 meg/kg/min along with
fluid bolus

Flow & perfusion

HR, extremity temperature, CRT,
urine output, mental status

Pressure parameters
SBP, Mm DBP &
pulse pressure

Filling / tolerance
parameters
Respiratory mechanics,
n requirement,

patomegaly

Flow / perfusion
Not improved

Filling
Unchanged respiratory
mechanics & O2 requirement

Flow / perfusion
Unchanged or better

Filling
Unchanged respiratory
mechanics & O2 requirement

3 Consider

more fluid bolus

Flow / perfusion
Worse

Filling
Respiratory mechanics worse,
increased O2 requirement

~— s
s

—— —

Consider inotrope
{epinephrine)
@ 0.05-0.1 meg/kg/min

()

Flow / perfusion
Mot improved

Filling
Unchanged respiratory
mechanics & O2 requirement

Flow / perfusion
Unchanged or better

Filling
Unchanged respiratory
mechanics & O2 requirement

R

Consider more
fluid bolus

Increase NE,
consider vasopressin

if NE dose = 0.2mecg/kg/min)

Flow / perfusion
Worse

Filling
Respiratory mechanics worse,
increased O2 requirement

R

Add / increase inotrope
(epinephrine)
@ 0.05-0.1 meg/kg/min

Further fine-tune fluids and vasoactives by integrating the response to each intervention,
perform POCUS at any step (if expertise available)

BP Blood pressure,CO Cardiac output, CRT Capillary refill time, DBP Diastolic blood pressure, HR Heart rate, MAP Mean arterial pressure, NE
Norepinephrine, POCUS Poaint of care ultrasound, SBP Systolic blood pressure

Fig. 1 Suggested pathway for fluid and vasoactive agent titration in pediatric septic shock
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Tablell Ten Commandmentsfor Fluid Bolus(FB) Administration in Septic Shock

Clinical concepts Clinical considerations Implicationsat the bedside
Hypovolemiainfluid-losing  « Absolutehypovolemia: fluidislost « Influid-losing states, rehydration restores
states (e.g., vomiting, fromthe body. circulating volume, preload, and CO.

diarrhea, hemorrhage)
resultsin absolute
hypovolemia

Hypovolemiain septic shock

Thegoal of FB inshock isto
increasethe CO, and thereby
improvetissue O2 delivery.

Vascular tone changes after
FB

Monitoring the CO response
to fluid bolus

Satictestsfor FR

Dynamictestsfor FR

Dynamictests: limitations

Fluid overload vsfluid
intolerance

* Absolute hypovolemiamay al so occur * Rehydration should aim to match ongoing
incapillary leak states: fluidislost from losses.

thevascular compartment. * Larger volumeFB isindicated if the patientis
* Large-volumefluidlossmay resultin hypotensive.

hypotension.
* Relative> absolute hypovolemia. « Inseptic shock, aninitial fluid bolusof 10 mL

* Fluidisre-distributed in dilated venous /kg+10mL/kgisreasonableasit addresses
capacitance vessel s (distributive shock). the minor element of absolute hypovolemia.
 Hypotensionin septic shock reflectslow ¢ Hypotensionin septic shock isbest addressed
vascular tonerather than large volume by low dose norepinephrine (rather than large

fluid deficits. volumeFB).

* Inseptic shock, FB increasesthe COin « Disruptionsinglycocalyx (which hasagate-
only ~50% (i.e., fluidshavenobenefitin - keeper role) may explain thefailureof CO

theremaining half, and may harm). riseafter FB isseptic shock.

 Evenif the COincreases, theresponse « Eachinfused FB may further damagethe
may be sustained in < 10% by 60 min. glycocalyx, leading to further increase
leak. capillary

» TheBPresponseto FB may be « Theclinician must monitor changesin
unpredictable. pressure parametersafter FB in addition to

« FB may improve BP parametersin most. perfusion markers.

» FB may have avasodilatory effectin « If theMAP+ DBPfallsafter FB, further FB
some septic patients. must be discontinued.

* MAP (or DBP) definestheperfusion « Alternative strategies such asvasoactive
pressuregradientinmany vital regions.  infusion may be considered.

Fluid-responsiveness (FR) testsaimto « |f the FR tests negative, unnecessary FB can

predict which patientswill respond with be avoided in non-responders.
increasein CO after FB.

* CVPisthebest-known statictestfor FR. ¢ CVPhasfallenout of favour asitis

* CVPprincipally reflectsmyocardial unreliableasanintra-vascular volume
function, andisaround zero in patients indicator.
with normal heart function. « Asignificantincreasein CVPafter FB a
should raise suspicion of myocardial
dysfunction.
* Dynamic FR testsrely on heart-lung » Dynamic FR testsusetherespiratory

interactionsand are based ontheprinciple  variation of thearterial linewaveform
of inducing brief changesin cardiac pre- (pulse pressure variation or PPV).
load, and then observing for increasein CO.

* Inafluid responsive patient, CO increases
by 10-15% from baseline.

» Dynamic testsrequire many pre-condi- » Dynamic FRtestsarenot practical to per-
tionsthat may beimpractical (Invasive forminclinical practice.
ventilation, no spontaneous breathing etc) ¢ CO changesare challenging to measure.
« Right ventricular (RV) dysfunction may cause
falsea FR positivetest. Here, fluidloading

INDIAN PEDIATRICS

can beharmful.
* Fluid overload (FO) describesapatient  « Strategiesfor fluid intolerance dependsonthe
who developsrespiratory deterioration cause.
when too much fluid administered * Inthesetting of capillary leak, consider
(hypervolemia). continued slow filling, colloidsand (non-
invasive) respiratory support.
contd...
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Clinical concepts Clinical considerations

Implicationsat the bedside

« However, in severecapillary leak states
(dengue shock), respiratory status deterio-
ration may occur even whenthepatientis
still hypovolemic. A preferredtermis

fluid-intolerance (FI).

10  Arestrictivefluid adminis-
tration protocol + early
vasoactiveinfusion may be
beneficial for the patient

« If septic shock unresolved after FB upto
20mL/kg or if hypotensionispresent,
early vasoactive support isrecommended  (ventilation, dialysis).
rather than giving more FB.

Restrictivefluids + early vasoactiveregimen
may decreasethe need for PICU organ support

* In hypotensive septic shock, concurrent
vasoactive (with FB) achievesrapid
control of theBP and perfusion.

BP Blood pressure, CO Cardiac output, CRT Capillary refill time, CVP Central venouspressure, DBP Diastolic blood pressure, HRHeart rate, PICU
Pediatric intensive care unit, MAP Mean arterial pressure, SBP Systolic blood pressure

hyperchloremic acidosisand increased incidence of acute
kidney injury [16]. However, if lower volumes (< 20 mL/
kg) are infused, these complications are unlikely, and
thereforethe choice of crystalloid may not matter [17].

Monitoring theresponseto FB

During FB administration, trends in clinical perfusion
markers, pressure elements, and filling (evidence or fluid
overload/ fluid intolerance) must be monitored (Fig. 1).

Tablell illustratesthe considerationsfor fluid bolusin
septic shock.

4. Decreased vasculartone or vasoplegia

A cardinal mechanism of vasodilatory/vasoplegic shock is
vascular smooth muscle relaxation. The vasoplegic
syndrome is encountered in many clinical scenarios,
including post-cardiac bypass, after burns and trauma
[18], and may be present to variable degrees in pediatric
septic shock, with an Indian study reporting vasodilatory
shock in more than 85% children [5]. Vasoplegia or
pathologically low systemic vascular resistance (SVR) is
the major contributor of hypotension in septic shock, and
isrecognized by low DBPwith low or normal MAP, wide
pul se pressures (PP) [PP > Systolic Blood Pressure (SBP)
/ 2] and bounding extremity pulses[5,19].

Vasoplegiamust berapidly corrected to prevent organ
hypoperfusion. Organ perfusion is determined by the
pressure gradient perfusing each organ, for example,
cerebral perfusion pressureisdetermined by the difference
betweenthe MAP and intracranial pressure (ICP), and the
renal perfusion pressure is the difference between MAP
and central venouspressure (CVP). Alow DBPisareadily
available marker of low arterial tone in septic shock,
however, clinicians often focusonthe SBPand MAP, and

INDIAN PEDIATRICS

overlook the DBP[20]. A low DBPmay decrease coronary
perfusion with co-existing tachycardia doubling the
detrimental effectson the heart [21]. DBP <50 mmHgis
considered low in adults and age-appropriate pediatric
DBP cut-offs have been reported in the 2020 Pediatric
Advanced Life Support (PALS) Manual [4]. DBP > 25
mmHgininfantsand > 30 mmHg children aged> 1y was
associated with  survival after cardiopulmonary
resuscitation (CPR) [22].

The pulse pressure (PP = SBP - DBP) correlates with
strokevolume (SV), and cliniciansmay suspect ahigh SV
typical of avasodilatory circulationif the pulsepressureis
high. Conversely, if the PPisnarrow, alow SV from either
hypovolemia+ decreased cardiac function may be present.

Clinicians must be mindful that well-intended
therapies that aim to correct hypotension/hypoperfusion
can exacerbate vasodilatation and lead to lower BP in
some patients. For example, fluid resuscitation itself may
have a vasodilatory effect [23,24] possibly due to
glycocalyx injury [25]. Inodilators such as milrinone may
improve the CO/forward flow but can vasodilate and
decrease organ perfusion pressures[26].

A low SVR isthemajor contributor of hypotensionin
septic shock [27]. While large-volume FB is often
recommended in the presence of hypotension or cardio-
vascular collapse [2], a preferred pathophysiological
strategy may be the prompt start of vasopressor such as
norepinephrine concurrently with, or soon after theinitial
FB [10,27].

The administration of stress-dose steroids is
controversial [2], but may improve vasoactiveresponsive-
ness, and is often administered if shock is unresolved
despite initia fluid and vasoactive support. Intravenous

VoLUME 61—MARCcH 15, 2024



70 TEN CONCEPTS IN PEDIATRIC SEPTIC SHOCK
Tablelll Pathophysiology and Consequencesof Vasoplegiain Septic Shock
Pathophysiology Conseguences Implicationsfor theclinician

Vasodilatationismajor
player in septic shock

Vasodilatation can affect
arterial and venous
capacitancevessels

Unintended consequences
of common therapies:
Vasoplegiamay worsen

Low arterial toneleadsto hypotension (low
MAP?, |ow DBP?).DBPisauseful marker of
arterial tone, but rarely givenimportance

Vasoplegiaof venous capacitancevesselsisthe
main cause of “relative” hypovolemiaand
distributive shock. Circulating volume accumu-
latesinthe expanded “ unstressed” compartment,
and venousreturn decreases

FB may potentiate vasoplegiaand convert a
hypodynamic to hyperdynamic circulation.
Inodilators such as milrinone can also potentiate

Low arterial tonemay berecognized at
presentation, or after fluid loading. Physicians
must monitor MAPaswell asDBP

Largevolume FB canimprovevenousreturn,
but effectsareill-sustained.

Low dose pressors (NE) addressesthe deranged
pathophysiology and canimprove venousreturn
and CO in asustained manner.

Early vasoactives can havea“fluid-sparing”
effect, and decreasethe need for ICU resources

If theMAPand/or DBPfallsafter FB, initiate
early vasoactive (NE) rather than repeated FB.
For myocardial dysfunction, epinephrine may be

with FB or inodilator agents  vasoplegia.

Organ perfusion suffers Venous congestion dueto RV dysfunction may
most when upstream be seenin 25% of ventilated patientswith
pressureislow (low MAP/  pneumoniad ARDS

DBP) and downstream

pressuresare high (high

CVPor venous congestion)

preferableto inodilators. Avoid inodilator agents,
if possible, during theinitial 24 h.

Evenif dobutamine used, combination with
pressor may help safeguard against hypotension.
Therapeutic strategiesto optimise organ
perfusion pressureinclude maintaining adequate
MAP/DBPwith consideration for early
decongestion to lower venous pressures.
Hypotension withlow MAP and/or DBP must
becorrected rapidly.

ARDSAcuterespiratory distress syndrome, BP Blood pressure, CO Cardiac output, CVP Central venous pressure, DBP Diastolic blood pressure, FB
Fluid bolus, MAP Mean arterial pressure, NE Norepinephrine, RV Right ventricular, SBP Systolic blood pressure, SVR Systemic vascular resistance

aMinimum MAP (mmHg) for age: 1-6 mo: > 40; 7-12 mo: > 45;
MAP (5th percentile at 50th height percentile) = 1.5 x agein years + 40.

For CNSinfectionswith raised ICP: MAP (50th percentile at 50th height percentile) = 1.5 x agein years+ 55[11,50]

bMinimum DBP for age[3]

hydrocortisone (1 mg/kg/dose géh; max 50 mg) may be
commenced when the second pressor is being started.
Earlier steroid administration (within the 1st h) is helpful
in chronic steroid-dependent patients.

Table 111 summarizes the pathophysiology and
conseguences of vasopl egiain septic shock.

5. Cardiac derangements in septic shock and the
importance of ‘loading’ conditions

Septic myocardia dysfunction (SMD) may be present in
40-50% of septic shock patients [28]. Left ventricular
(LV) systalic dysfunction is most commonly described,
however LV diastolic dysfunction and right ventricular
(RV) systolic dysfunction may also be present, both of
which have higher mortality [29,30].

Myocardial dysfunction in septic shock has several
important differencesfrom typical cardiogenic shock due
to viral myocarditis. Viral myocarditis presents with low
CO, compensatory high SVR (manifesting asnarrow pulse
pressures and poor extremity perfusion), elevated filling
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pressures (recognized by early pulmonary edema), and
low mixed venous saturations reflecting high tissue
oxygen extraction. The cardiovascular support in viral
myocarditisemphasi zesinodilator useand diuretics.

In contrast, the manifestations of SMD (typically LV
systolic dysfunction) are crucially dependent on loading
conditions: preload (volume status) and moreimportantly
the afterload or SVR [31]. This explains why at presen-
tation, when the afterload islow, the poor LV function may
not be clinically obvious. The low afterload promotes
forward flow and ‘ masks' clinical featuresof SMD, which
may become* unmasked’ when thelow afterload israised
with pressors. Other features of SMD include normal or
even elevated mixed venous saturations (dueto decreased
tissue oxygen extraction) [5,32] and reduced ventricul o-
arterial coupling [33].

Whilethelow SVR promotesforward flow in patients
with SMD, thereisapotential for coronary ischemiaif the
DBPistoolow. Inthissetting, the overarching therapeutic
goalsareto maintain an adequate coronary perfusion/DBP,
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minimize myocardia demands (tachycardiacontrol) while
providing someinotropy. L ow-dose norepinephrine (NE)
(0.05- 0.1 pg/kg/min) infusion may fulfil these goalsin
patients with mild/moderate SMD, as it has apha
mediated vasoconstriction, minimal chronotropy, modest
inotropy, and improves ventriculo-arterial coupling
without imposing excess afterload [21,34]. However, in
patients with severe SMD, the cardiac function may
deteriorate after NE initiation, and inotropy may be
indicated.

The impact of norepinephrine on cardiac function
dependson the bal ance between the potentially beneficial
effects (improved ventriculo-arterial coupling, increased
coronary artery perfusion, modest inotropy) vsthe higher
afterload [33,35]. A safe strategy isto start with the lowest
dose of norepinephrine (0.05 pug/kg/min) and carefully
monitor the patient’sflow/pressure and filling parameters
in conjunction with serial echocardiography (Fig. 1) to
identify patientswho require additional inotropy.

Low-dose epinephrine 0.05 - 0.1 pg/kg/min, or
dobutamine 5-10 pg/kg/min may be useful, while
continuing norepinephrine 0.05 - 0.2 pg/kg/min for
coronary perfusion; the combination may successfully
restore the hemodynamicsin this challenging subset with
combined SMD and vasopl egia.

Inodilator use (milrinone) can be especially
deleteriousin theinitial 24 h given itsvasodilatory effect
and longer-half-life (compared to catecholamines), and
may be best considered after theinitial 1-2 days.

6. Choice of initial vasoactive in pediatric septic
shock

Catecholamine vasoactive agents are the most popular
agentsin the ER and ICU as they have a rapid onset, and
moreimportantly, avery short offset/haf-life (2-3 minutes).
Whilelife-saving, they are extremely potent, with anarrow
thergpeutic  index and severa potentiadly lethal
complications[36]. Anindividualized approach considering
the risk-benefit profile, using minima effective doses to
achieve precise therapeutic targets, and attempts to
discontinuethese agentsas soon aspossibleisimportant.

Most vasoactives (except vasopressin) may safely be
administered via a periphera route provided a well-
secured, clearly-labelled, largest bore intravenous (1V)
catheter proximal to the elbow is used, and this line is
dedicated only to diluted-strength vasoactive infusions
[37]. Intraosseousinfusions may be used until intravenous
accessissecured. If vasoactiveinfusionsarerequired for >
6-12 hduration, acentral line may be necessary, unlessthe
circulatory parametersare clearly improving. Training of
healthcare staff in the handling of vasoactives infusions
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whether infused via a periphera or central line is
mandatory to minimize complications.

Epinephrine or norepinephrine

Epinephrine was previously considered apreferred agent
in pediatric septic shock, as its powerful inotropy may
address SMD, and also co-existing vasoplegia at higher
doses (>0.2ug/kg/min). However, epinephrine-induced
sympathetic overstimulation often increasestachycardia,
worsens markers of myocardial injury and myocardial
oxygen demand [38], and has been reported to be
associated with higher mortality in adults[39].

Norepinephrine with its potent o.,-adrenergic pressor
effects with mild B-agonist mediated inotropy is highly
beneficia in theinitial phase of resuscitation [33], andis
used asafirst-line agent in pediatric septic shock by many
pediatric intensivists [40]. Norepinephrine can improve
vascular tone (and thereby the DBP/MAP), increase
venousreturn by reversing the distributive shock, support
coronary perfusionand myocardial contractility, improve
ventricul o-arterial coupling and help sustain CO and tissue
perfusion [41]. Norepinephrine doses between 0.05-0.2
pa/kg/minaregenerally safe; higher dosescanincreasethe
blood pressure, but may worsen the cardiac function and
decrease the micro-circulatory perfusion by excess
vasoconstriction[35].

Myocardia depression may becomeclinically evident
in some patientswhen the hypotensioniscorrected, and if
more inotropy is considered necessary, epinephrine or
dobutamine may be added depending on the BP para-
meters(Fig. 1).

If hypotension with persistent low DBP suggestive of
persistent vasoplegiais observed even on norepinephrine,
vasopressininfusion at 0.0005-0.002 units/kg/min may be
added; stress dose steroids initiation may improve the
efficacy of pressor agents[27].

7. Endpoints of therapy and hemodynamic
monitoring

The same signs of poor perfusion that are used to
recognize shock are also useful to determinethe patient’s
response, and a combination of perfusion and pressure
parameters may indicate shock reversal.

In some patients, tachycardia may persist long after
other parameters have normalized. Similarly, hyper-
lactatemia may have causes other than tissue hypo-
perfusion. Moreover, lactate clearance may bedelayedin
sepsis [42]. Therefore, isolated tachycardia or hyper-
lactatemiawithout other signsof hypoperfusion should not
be aggressively treated, but carefully observed. CRT
normalization may be better than lactate as an end-point
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for septic shock resuscitation[7].

A Foley’s catheter must be inserted early, and hourly
urinetrendscharted. Normal urineflow isreassuring asan
indicator of adequate perfusion, unless hyperglycemia,
kidney injury, or recent diuretic administrationispresent.

Invasivearterial monitoring ismoreaccurate than non-
invasive blood pressure (NI1BP) monitoring, but may have
logisticissues. Thereliability of NIBPisoften questioned,
but may be increased by using age-appropriate arm cuffs
(rather than lower limb), and taking more than one
measurement [43,44]. With respect to target MAP, the
lowest MAP (5th centile for age) may be accepted
provided end-organ perfusion (mental status, extremity
perfusion, urine output, etc) are satisfactory. While this
strategy may be helpful to avoid high-dose vasoactives, a
higher MAP (>50™ centilefor age) may be necessary inthe
presence of raised intracranial pressure, right ventricular
failureor venous congestion.

Once the end-points of shock resuscitation have been
reached, it isimportant to expeditiously begin vasoactive
weaning and discontinuation. However, given thelack of
evidence, there is a variability in the practice regarding
weaning and discontinuation of vasoactive support. After
circulatory parameters have resolved, arapid vasoactive
taper and discontinuation over 3-6 h with careful
monitoring for shock recurrence is practiced in some
centres, while other centres maintain vasoactive support
for 24-48 h prior to start of wearing. Any recurrence of
instability during weaning should prompt re-start of
vasoactive support and workup of unresolved shock
described in #10 below. If vasopressin has been used, it
should beweaned last [27].

8. Bedside approach to fluid and vasoactive
titration

A clinical individualized approach combining the history,
seria physical examination, laboratory analyses, available
monitoring tools, and repeated assessment to individualize
circulatory support may to lead to better outcomes than
one-size-fits-all agorithms. The response to each
therapeutic intervention (fluid/pressor/inotrope) may
provide crucial information to decode the individual
patient's underlying pathophysiology (Fig.1), even if
echocardiography is unavailable. The clinician at the
bedside must integrate information from changes in
“flow” parameters (perfusion markers including CRT,
limb/extremity temperature), “pressure’ parameters
(MAPR, SBP, DBP, pulsepressure) and“ filling” parameters
(respiratory mechanics, oxygen requirement, hepa-
tomegaly) in responseto each intervention [6].
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a) For example, theinitial FB may beconsidered a* fluid
test”, and evaluation of flow/pressureffilling para-
metersmay hel p to determinethe next best therapeutic
step.

- If theadministered FB isinsufficient to match fluid
losses, hypoperfusion will persist with narrow pulse
pressures and unchanged lung mechanics. Those
with significant myocardial dysfunction may exhibit
continued poor perfusion with narrow pulse
pressure but with worsened respiratory mechanics.
In patientswith ahyperdynamic phenotype, the FB
may either lead to unchanged pressure parametersor
lead to lower DBP by worsening/unmasking the
vasoplegic state.

- However, if the underlying pathophysiology is
unclear after the initial 10-20 mL/kg fluid, it is
reasonable to start with alow dose norepinephrine
infusion (0.05-0.1 pg/kg/min), given that 85% of
children with septic shock are vasodilated despite a
clinical “cold shock” phenotype, and about 50%
have decreased myocardial function[5].

b) Norepinephrinemay beinitiated at 0.05-0.1 pg/kg/min
asan initial vasoactive, here the norepinephrine may
beconsidered asa* pressor test” and analysisof flow/
pressure/filling parameters hel psto determinethe next
therapeutic step.

- Many children, including those with mild myo-
cardial dysfunction, improve after the combination
of modest initial fluid bolus + norepinephrine
infusion [34]. However, afew patients may require
one or more of three additional therapies. more
fluid, more pressor and/or moreinotropy.

- More fluid at 10mL/kg aiquots may be provided,
especialy if thereishistory of ongoing fluid-loss.

- Additional pressor support may be required if the
integrated flow/pressure/filling parametersindicate
continuing vasoplegic shock (flow parameters
indicating bounding pulses, pressure parameters
indicate low DBP with wide pulse pressures, and
filling parameters unchanged). Options include
increasing norepinephrine dose to 0.2 pg/kg/min
and/or adding vasopressin.

- More inotropy may be helpful in a child with low
volume pulses, prolonged CRT, low/normal MAP
and DBP with narrow pulses pressures, and filling
parameters indicating lung congestion (worsened
respiratory mechanics, increased oxygen require-
ment). Inotrope choice includes either epinephrine
or dobutamine depending on the pressure
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parameters.

c) Epinephrine at doses of 0.05-0.2 pg/kg/min may be
started as the first-line vasoactive after initial fluid
bolusasan*“ inotropetest” , andif shock isunresolved,
analysis of flow/pressure/filling parameters helps to
determine the next therapeutic step. Improved
perfusion aswell as pressure parametersindicate that
epinephrineishelping. In non-responders, worsening
tachycardia+ fall in pressure parameters may warrant
re-evaluation. Hypotension may occur as epineph-
rin€'s alpha-effect may be insufficient to address
vasoplegia unless higher doses (> 0.2 ug/kg/min) are
used. Inthissubset, aswell in patients with complex
pathophysiol ogy, Point-of-Care Ultrasound (POCUS)
performed by experienced personnel may be helpful.

9. Respiratory support

Similar to other life-threatening conditionsin children, the
physician must assessif theairway patency issatisfactory,
if oxygen supplementation is required, and assess the
patient’srespiratory drive and work of breathing. Patients
with refractory shock with/without worsening respiratory
status may require additional respiratory support, and a
trial of non-invasive positive pressure ventilation (NIPPV)
or high-frequency nasal cannulaoxygen (HFNC) support
can improve oxygenation and decrease the work of
breathing in some patients.

However, close patient monitoring and education of all
healthcare staff is essential, as children whose cardio-
respiratory statusfailstoimprovewithintheinitial 1-2 h of
initiating NIPPV/HFNC are a high-risk subset with high
mortality risk unless expert intubation and controlled
ventilationisexpeditiously carried out [45]. Early referral
to a higher facility must be considered if the cardio-
respiratory statusisnotimproving.

Indications for intubation and positive pressure
ventilation (PPV) arevariable, and usually include cardio-
pulmonary arrest, deteriorating mental status with a
Glasgow Coma Score <8, inability to maintain a patent
airway, and refractory shock with escalating lactatelevels
despite optimizing fluidsand vasoactive support.

It should be understood that PPV may not always be
beneficia in septic shock. Thetransition from spontaneous
breathing to controlled PPV after intubation can worsen
shock by decreasing venous return. Further, the adverse
effects of sedative drugs can lead to worsening vasodi-
lation and myocardial depression. Preservingthepatient’s
spontaneous respiratory drive may preferable in some,
unlessthecriterialisted above are met.

The act of intubation of the hypoxemic, shocked,
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acidotic patient can be fraught with complications
including worsening hypoxemia, hypotension, aspiration,
and cardiac arrest [46]. A high risk intubation protocol
including peri intubation positive pressure/HFNC, pre-
emptivevasoactiveinfusions/push-pressors, and low-dose
ketamine may mitigate the peri-intubationrisks[46]. After
i ntubation, attemptsto minimize secondary infections, and
promote ventilator liberation at the earliest opportunity
remain important.

10. Unresolved shock

Many inter-related conditions may be at play when shock
isunresolved, including pre-existing morbidities, type of
invading pathogen and delayed hospitalization. A
comprehensive discussion is not possible, but physicians
need to carefully review for correctable causes, including
aternative diagnosis, inadequate source control, unrecog-
nized additional foci of infection, inappropriate anti-
microbial therapy, relief of pleural/pericardial tamponade
or compartment syndromes, and need for blood trans-
fusion and/or steroids[47].

The use of high vasoactive doses is common in
refractory shock. However, catecholamine toxicity may
paradoxically contribute to the circulatory instability. If
the hypotension worsens as catecholamine vasoactives
doses are being increased (with/without pulmonary
edema), the clinician should consider whether underlying
diastolic dysfunction or dynamic left ventricular output
obstruction is present [48]. Improved survival has been
described by the use of non-catecholamine agents
(vasopressin, milrinone), slow filling, and gradual
catecholamine down-titration guided by Doppler
echocardiography [49]. While extra-corporeal support
may be available in some centres for refractory shock,
family discussions must emphasize realistic expectations
(prognosisand costs).

CONCLUSION

In order to reduce high sepsismortality, effortstoimprove
early recognition and administration of the early bundle
remain the key pillars of initial support. If signs of shock
persist, amore individualized approach to hemodynamic
resuscitation focusing on early use of vasoactives and
limiting further fluid bolus therapy may be of benefit.
Thereremainsan urgent need for trialsinlow- and middle-
income countries (LMICs) to explore the merits of an
individualized approach.
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PADMA SHRI DRISHWAR CHANDER VERMA

December 25, 1936 to February 08, 2024

It is with profound sorrow that we share the news of the demise of Dr Ishwar Chander Verma, a distinguished
pediatrician and pioneer in the field of genetics. Hailed as the “ Father of Geneticsin India,” he devoted hislifeto
advancing medical science and providing unparalleled care to those affected by rare genetic disorders.

After hisschooling from East Africa, he completed hispremedical training from Elphinstone College, Mumbai.
He obtained hisMBBS degree from Amritsar Medical College where he was awarded the PN Chuttani Gold Medal
for standing first in Clinical Medicine. After completing hisresidency trainingin Medicine, Surgery and Obstetrics
from Dar es Salaam, Tanzania, he passed the MRCP (L ondon) examination in 1966 and obtained aDiplomain Child
Health from the Glasgow University. He wasthe first student to be awarded MNAM S by the National Academy of
Medical Sciences(NAMS) by examination. Having received hisacademic training in geneticsfrom several premier
institutes located in Zurich, London, Edinburgh, Manchester, Boston and NIH, USA, he was instrumental in
establishing two of India's premier genetic centers at All India Institute of Medical Sciences, New Delhi, and Sir
GangaRam Hospital, New Delhi.

Born with an insatiable curiosity and a passion for bringing the best genetics diagnosis and management to
patientsin India, Dr. Verma's journey was nothing short of extraordinary. Hisinitial research was focussed on the
burden of genetic disordersin India. Hisresearch on theincreased frequency of Down syndrome dueto thelow dose
radiation from monazite in Keralafetched international acclaim. His pioneering research work in the area of tribal
health, especially the screening and management of sicklecell disease, isinspirational. Under hisguidance, therare
disease policy was formulated. As an astute and passionate clinician, he would always be remembered by the
patientsand clinicians alike.

Hewasthe Editor-in-Chief and Emeritus Editor of the Indian Journal of Pediatrics (1JP), since 1980. Under his
leadership thejournal achieved great heights. Asthe managing trustee of KC Chaudhuri Foundation which also runs
the IJP, he was instrumental in providing support for health campsin rura areas, research grants for MD and DM
thesis, and clinical grand rounds by senior residents, mentoring speciality training of young faculty, providing
recognition to young researchers for exemplary work and felicitating deserving pediatricians with lifetime
achievement awards for their dedication to child health. He played an important role in the formulation of rare
diseasepolicy inIndia

Hewas awarded the BC Roy National Award in 1983 and the Padma Shri, the fourth-highest civilian award of
the Republic of Indig, in 2023. Not the one to rest on these laurels, he continued to publish with the last of hisover
500 scientific contributions appearing even in 2024.

In thismoment of grief, we extend our heartfelt condolencesto Dr. Verma' sfamily, friends, colleagues, and the
entiremedical community. May hislegacy continueto inspireand guide thosewho follow in hisfootsteps, ensuring
that the flame of discovery and compassion in pediatrics and genetics burnsever bright.
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Child Health DuringWar and Disasters. Building Resilience
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ABSTRACT

Childrenfaceuniquerisksresulting from disastersand conflicts. Broadly, complex emergencies create new and augment existing health
risksto children. Direct, conflict-related injuries and deaths — such as those resulting from exposure to chemical weapons and blast
injuries — not only have immediate impact but also have long-term impacts on the health and wellbeing of children. Lapses in
vaccination coverage, changesin vector patterns, and widespread mal nutrition, contribute to new and re-emerging i nfectious diseases
among children. Understanding risksresulting from disastersand conflictsiscritical for implementing timely and appropriate public

health programsto reduce the negative health effectson children.

Keywor ds: Complex emergencies, Conflict, Public health

BACKGROUND

Pediatric health concerns are ubiquitous across all settings
but are exacerbated in disasters and conflicts. There are a
rangeof considerations—infectiousdiseases, injuries, mental
health impacts—that must be accounted for when ng
pedi atric health outcomesin complex emergencies. Disasters
and conflictscan limit or stop the provision of public health
and clinical services, resulting in lapses in immunization
coverage, impeded provision of other formsof preventative
care[1], development of conditions primefor the spread of
communicablediseases|2], and exacerbation of pre-existing
or chronic conditions. Low level sof vaccination coverage, as
well ashigh prevaences of acute mal nutrition contributeto
high levels of under-5 mortality, particularly for displaced
children [3]. Further, poor nutrition status and associated
stunting have a range of sequelae, including compromised
immune function, impeded brain development and
associated learning disahilities, and higher risk of chronic
diseases such as metabolic syndromes later in life [4,5].
Physiological considerations such as higher risks of both
short- and long-term injury-related morbidity and mortality
are higher for children, due in-part to differences in
metabolic rates, total blood volume, and skin permesbility,
comparedto adults[6,7].

Adverse childhood experiences (ACEs), defined by
the US Centersfor Disease Control and Prevention simply
astraumatic eventsexperienced by individualsfrom birth
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toage 17 years, can have both acute and chronic negative
impacts on the mental and physical wellbeing of
individuals [8,9]. These effects can include, but are not
limited, to the development of obesity [10], premature-
onset of chronic diseases such asdiabetes, cardiovascul ar
disease and pulmonary diseases [11], and mental health
conditions such as substance-use disorders, anxiety, and
depression [12]. Timely and appropriate remediation
effortsare needed to attenuate the negative healthimpacts
of ACEs[13]. However, identifying and addressing ACEs
isexceedingly difficult in conflict and disaster settingsand
is challenging even in highly resourced, stable settings
[14]. Accessibility and logistical constraints in complex
emergencies can impede the delivery of thisaid, in effect
amplifying the potential for negative downstream mental
and physical healthimpacts.

The physiological and psychosocial principles that
place children at comparatively higher risks for negative
health outcomes are not unique to complex emergencies.
However, these situations result in fewer resources —
including, but not limited to, medical, socia, and
infrastructural supports—to attenuate the negativeimpacts
of experiencing disaster or conflict events. Accordingly, it
is important to consider the multitude of ways in which
child health has been negatively impacted in complex
emergencies. In the following sections, we discuss afew
examplesfrom recent conflictsand disasters.

CHALLENGES AND BARRIERS
Impact of Chemical Weapons
The Syrian Civil War officially started in March 2011,
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following widespread peaceful protestsaround the country
against the regime of Syrian president Bashar al-Assad
[15]. Chemical weapons—including the nerveagent sarin
—were used by the Assad regime to deter opposition. The
first suspected use of chemica weapons was reported in
December 2012, but attacks have continued through 2023
[16].

Children facedisproportionateimpactsfrom exposure
to chemical weapons. A retrospective case-cohort study
assessing the effects of childhood exposure to chemical
weaponson the preval ence of chronic diseaseamong Iragi
Kurds found higher prevalences of chronic ocular,
dermatological, respiratory, and nervous system condi-
tions[17]. When exposed to chemical weapons, children
becomeill at alower effective dose than adults, and their
smaller bodies areless able to handle the stress placed on
organ function and metabolism. Individuals exposed to
organophosphates experience arange of negative mental
health outcomes, including depression, post-traumatic
stress disorder, and insomnia, among others [18-21].
Adverse childhood experiences — such as exposure to
chemical warfare — have long-term effects on the mental
health and wellbeing of children likethoselivingin Syrian
cities such as Ghouta, Douma, and K han Shaykun which
weretargeted with organophosphatesand chlorinegas.

Impact of Air Raids and Violent Deaths

Over 17% of the estimated 145 849 Syrian civilian deaths
recorded in the Violation Documentation Center due to
direct violencefrom 18 March 2011 through 31 December
2016, were children [22]. Aeriad bombardment and
shelling were the two leading causes of direct deaths for
both maleand femal e children. The proportion of children
among all civilian deaths increased from under 10% in
2011 to nearly 25% of all civilian violent deathsin 2016.
The high levels of direct civilian deaths — and pediatric
deaths, in particular —are unfortunately not uncommonin
warfare defined by air offenses. Roughly 67% of excess
mortality inthe Yemen Civil War was attributableto direct
violence[23].

Among Syrians treated for injuries in a Turkish
medical facility, children were more likely to have head
trauma following blasts, compared to adults who were
more likely to have injuries to the torso and limbs [24].
Trauma resulted in vascular injuries at higher rates than
other war-related injuries, accounting for over 60% of
pediatric deaths following blasts from incendiary
explosivedeviceand suicidebombingsin Pakistan[25]. In
aretrospective cohort study comparing the circumstances
causing and clinical presentation of burns among Syrian
and Turkish pediatric burn patients, Syrian children were
more likely to have fire- and blast-related burns, burns
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covering a greater percentage of their bodies, more
intensive clinical management, and higher rates of burn-
related fatalitieswhen compared to Turkish pediatric burn
patients[26]. Broadly, children are morelikely than adults
to have high-mortality burn injuries, and the complex
nature of clinica management, reconstruction, and
rehabilitation require vast medical resourcesthat are often
not availablein conflict settings[27].

Beyond detrimental physical health effects, air raids
and resulting blasts have negative mental health impacts
for survivors. Children in Northern Ireland who were
exposed to bombingswere much morelikely to experience
post-traumatic stress disorder than their peers[28]. In a
2022 report by Savethe Children, at least 80% of children
in Gaza experienced symptomsof present traumatic stress
syndrome due to the blockade and recurrent bombings of
the Gaza Strip [29]. European countries receiving
Ukerainian refugeeswere encouraged to devel op proactive
psychiatric interventions for displaced children and their
families to foster resilience and address pediatric
developmental needs[30].

Lapses in Vaccination Coverage and Vaccine
Preventable Diseases (VPDs)

Violence, instability, and natural hazards contributeto the
spread of early-childhood, vaccine-preventable and
logistically manageable diseases globally. The destabi-
lization of the Syrian health system, aswell asinaccessi-
bility and security concerns throughout the country,
resulted in limited capacity for supplemental and
expanded immunization programming. From January
2015 through June 2019, there were nearly ten times as
many clinically suspected measles cases (n = 30241) in
Syriathan wererecorded for the entire country inthefirst
decade of the 21st century (n = 3193) [31]. Similarly, in
2019, the Democratic Republic of the Congo reported
record numbers of measles cases after large cohorts went
unvaccinated due to insecurity, limited resources, flood-
drought cycles, and a concurrent Ebola outbreak [32].
Yemen, which has been in a civil war since 2014 and
experienced recurrent disasters from heavy rainfall and
flooding, has recorded outbreaks of meases [33,34],
cholera[35-38], and diphtheria[39,40].

Malnutrition

Malnutrition contributesto therisk of infectious diseases.
For example, inIndia, districtswith ahigher percentage of
underweight children were more likely to have endemic
malaria[41]. In areas experiencing recurrent flooding in
South Sudan, malnutrition and a fertile environment for
mosquitoesto breed contributed to high levels of malaria
among children [42]. Other studies have found differing
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rel ationships between malnutrition and malaria[43]. For
example, a study in the Western Brazilian Amazon that
found the relationship between malaria and nutritional
status differed by age, where, in some cases, under-
nourished children had comparatively lower risk of
malaria [44]. Poor nutritional status can also complicate
the clinical management of infectious diseases. Nigerian
childrenwith severe acute mal nutrition (SAM) under five
years of age were more likely to require longer clinical
management of cholerathan children without SAM [45].
Both maternal-fetal and pediatric under- and malnutrition
can contributeto vitamin A and zinc deficienciesthat result
in compromised immune function, placing children at
higher risk of severe clinica manifestations of early
childhood diseases such asmeasles[46].

WAY FORWARD

Climate-rel ated disasters areincreasing in both frequency
and severity, and geopolitical instability is affecting
millions globally. Both of these circumstances create
precariousenvironmentsfor children around theworld. In
many scenarios, there are known interventions or actions
that can attenuate the negative health impacts of disaster
and conflict exposure on children. For example, timely
linkage to mental health supports for children experien-
cing violence can hel p proactively manage stressresponses
and reduce the longitudinal development of more severe
and persistent mental health disorders. However, the
implementation and uptake of such interventionscontinues
to bewrought with challenges. Similarly, we know that on-
schedule immunization coverage greatly reduces the
burden of early childhood, vaccine-preventable diseases.
Again, the operationali-zation of expanded and
supplemental immunization activities in disaster and
conflict settings faces numerous challenges ranging from
physical inaccessibility to cold chain management.

Public health balancesindividual and population-level
health outcomesto better understand how risksoperate, as
well astheir resulting impacts and the potential mechani-
smsfor risk reduction. As public health practitioners, we
must focus on building resilience in the face of
increasingly complex environments. Thisrequiresengage-
ment with and understanding of the persistent challenges
experienced in theimplementati on and adoption of known
risk reduction practices and post-disaster interventions. |f
we defineresilience as “the capacity of asystem to adapt
successfully to challenges that threaten the function,
survival, or future development of the system” [47], we
have the obligation to identify popul ation needs, listen to
the experiences and perceptions of affected populations,
and providetangible supports.
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Dental Cariesin Children: An Update
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ABSTRACT

Dental caries, also known as cavities, are the most prevalent dental problem in children. The etiology is mostly multifactorial and a
result of an imbalance between the constant mineralization and demineralization on the tooth surface. It isimportant to assess oral
health risks, counsel caregivers, and encourage oral hygiene. Recent guidelines by the American Academy of Pediatrics (AAP)
underscorethe evolving role of the pediatricianininitiating early dental healthinterventions.
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Dental caries, also known as cavities, are a common
problem in children. The age-standardized prevalence
worldwide of untreated caries is approximately 8% in
deciduousteeth and 29% in permanent teeth [1]. Notable
regional variationsexist, such asin Indiaand among South
Asians, with significant implications for public health
[2,3].

It is a complicated and multifactorial problem
resulting from an imbalance between the dynamic
processesof constant mineralization and demineralization
occurring on the surface of the teeth known as the caries
balance[4,5]. In acomprehensivereview by Kirthingaet
al wherein studies from 1981 to January 2019 were
analyzed, 123risk factorsfor dental carieswereidentified
[6]. In high-income countries, the primary risk factors
include dentinal caries and high levels of Sreptococcus
mutans bacteria, whereas enamel defects are more
prevalent in upper-middle-income countries. Socio-
economic factors such aslow household income, maternal
education level, mother’s employment status, urban or
rural residence, being raised by a single mother, and the
birth order of the child can also significantly impact the
prevalenceof dental caries. Dietary habits, particularly the
frequency of sugar consumption, quantity of sugar, and
timing of meals, aswell ascalciumand dairy intake during
pregnancy are crucial determinants of cariesin children.
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Feeding practicesininfancy, including breastfeeding and
bottle feeding, are linked to specific caries patterns, and
prolonged breastfeeding beyond six to seven monthsis
associated with a higher caries risk. Oral hygiene
practices, notably the use of non-fluoridated toothpaste,
tooth brushing frequency, and parental supervisionplay a
critical rolein preventing caries. The composition of the
oral microbiome, especially the presence of Sreptococcus
mutans and ora thrush, also contributes to caries risk.
Other contributing factors include enamel hypoplasia,
deep pit and fissures in teeth, and reduced salivary flow
resulting from certain diseaseslike Sogren’ssyndromeor
specific medications.

The American Academy of Pediatrics (AAP) has
recently updated several recommendationsfor “Maintain-
ing and Improving the Oral Health of Young Children” ina
guidance paper [7]. Theguidelineswererevised giventhe
continued high prevalence of dental cariesin children, and
these aimed to incorporate emerging evidence on pre-
ventive strategies with the changing landscape of oral
health caredelivery. Theserecommendations are essential
in guiding healthcare professionals, especially pedia
tricians, in the comprehensive management of oral health
for young children. Thekey updatesareasfollows:

1. A Shift Toward Early
Preventive Strategies

Intervention and

One of the key updates is the advocacy for early dental
visits, ideally by the age of one year or within six months
after the eruption of the first tooth, to establish a
foundation for lifelong oral health. This aligns with a
broader shift towards early intervention in pediatric oral
healthcare [8,9]. The AAP specificaly recommends
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brushing children’s teeth before bedtime as part of their
routineto effectively prevent caries. Thispracticeisvital
for removing plaque and reducing therisk of dental caries,
forming anintegral part of achild’'sdaily oral health care.

Additionally, it emphasizeson theimportance of using
fluoride toothpaste appropriately in young children — a
smear for those aged under 3-yearsand apea-sized amount
for children aged 3 to 6 years. This specific guidance
strikes a balance between maximizing caries prevention
and minimizing therisk of dental fluorosis.

This update is based on findings from numerous
studies which have shown that the use of fluoride tooth-
paste playsasignificant roleinlowering therisk of dental
caries[10-12].

The study by Shekar et al. found a complex relation-
ship between fluoride levels and dental caries. In areas
with high fluoride concentration like Telangana/Andhra
Pradesh, there was a positive correlation with dental
caries, suggesting the need for region-specific fluoride
usage guidelines [13]. This study highlights the impor-
tance of contextual adaptation of these recommendations,
especialy inadiverse country likeIndia.

2. Dental Home

AAP suggests the establishment of adental home where
thereisfrequent interaction between the dentist and patient
inacomprehensive, continuously accessible, coordinated,
and family-centered manner. A dental home should be
established within 6 months of the eruption of the first
tooth and nolater than 12 months of age.

3. Nutritional Counseling and its Role in Caries
Prevention

The report advises families to limit the consumption of
sugary snacks and beverages, al of which are known to
contribute to tooth decay. Instead, a diet rich in fruits,
vegetables and water is recommended. The AAP also
suggests avoiding the use of a bottle or sippy cup filled
with sugary liquids, especially at bedtime. The paper also
underscorestheimportanceof dietary counseling aligning
with WHO guidelines recommending restriction of sugar
intake [14]. Nutritional counseling, thus, becomes a key
component of aholistic approach to oral health care.

4. Expanded Role of Pediatricians in Oral Health

In line with the latest guidelines, pediatricians are
encouraged to actively participate in oral health
counseling, including guidance on brushing techniques,
appropriate fluoride use, and the socia determinants of
health. By advising parents on the necessity of dental
checkups, primary care providers can influence the
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utilization of dental services and early detection of oral
health issues. This marks a significant shift, moving
beyond traditional dental practiceto integrate oral health
morefully into general pediatric care.

Thestudy by Goyal eta highlightsasignificantgapin
the knowledge of pediatriciansregarding oral health care
in children, including the recommended age to start tooth
brushing and the appropriate fluoride concentration in
toothpaste[15]. Thisfinding iscritical when considering
the expanded role of pediatricians in ora health, as
suggested by Krol et a [7]. It underscores the need for
enhanced training and awareness among pediatriciansin
India, a sentiment echoed by a study by Karkoutly et al
which a so found poor knowledge regarding dental health
care among pediatricians [16]. This globa trend of
inadequate oral health knowledge in pediatric care
providers emphasizes the necessity of integrating oral
health educationinto pediatric training programs.

5. Teledentistry and Continuous Education

The guidelines also highlight the growing role of
teledentistry in enhancing access to dental care and the
importance of continuous education for pediatricians to
remain informed about thelatest oral health practices.

6. Increasing Focus on Behavioral and

Educational Interventions

Behavioral interventions, such asmodifying dietary habits
and improving oral hygiene practices, are emphasized,
aligning with theincreasing focus on preventive care and
education in the management of dental caries. A study by
D’Cruz et al demonstrated that active participation of
school-aged children in reinforced oral health education
(OHE) can enhance their knowledge and practices
regarding oral hygiene, leading to better gingival health
and reduced plague accumulation [17]. This aigns with
the AAP'sfocus on education as akey component of oral
health maintenance

7. Collaborative Approach in Oral Health

Management

Finally, the paper advocates for a collaborative approach
involving various healthcare professionals in managing
oral health, emphasizing the interdisciplinary nature of
modern pediatric oral heathcare. This approach
recognizes the complexity of oral health issues and the
need for a comprehensive, team-based strategy. By
working together, healthcare providers can ensure that
children receive comprehensive care that addresses all
aspectsof their health.

IMPLICATIONS
TheNational Oral Health Program and Project Punchiri in
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Tablel Important Changesin thenew Guidelinesand Their Implications

Domain

Recommentations

Implication

Emphasison early and regular dental visits

Fluoride exposure and supplementation

Dietary considerations

Anticipatory guidance and preventive
counseling

Collaboration between healthcare
professionals

Highlight theimportance of establishing
adental homefor children by their first
birthday, as opposed to the previously
recommended age of 3years

Provides updated recommendationson
the appropriate use of fluoridetoothpaste,
varnish, and supplements, based ona
child'sage, risk of developing dental
caries, and fluoride concentrationsin
drinking water.

Emphasizestheimportance of abalanced
diet for young children and therole of
limiting sugar consumption, especially in
theform of sugary drinks,
Underscorestheimportance of antici-
patory guidance and parent education on
oral hygiene practices, fluoride exposure,
and the benefitsof regular dental visits.

Stressestheimportance of interdiscipli-
nary collaboration between pediatricians,

Improved early detection and
prevention of dental caries

Minimizestherisk of developing ora
health issues.

Prevention of tooth decay

Enhanced parental awarenessand
education

Improved communication and coordi-
nation of care between pediatricians,

dentists, and other healthcare professionals

dentists, and other healthcare professio-
nals, ultimately resulting in better mana-
gement of children’soral health.

Indiarepresent significant efforts to integrate oral health
care into the broader healthcare system [18, 19]. The
National Oral Health Program aimstoimprove oral health
determinants and reduce oral disease morbidity, while
Project Punchiri focuses on addressing untreated dental
caries among school-going children in Kerala. Project
Punchiri is integrated with the Rashtriya Bal Swasthya
Karyakram (RBSK) program, to encounter untreated
dental caries among school-going children and spread
awareness and adoption of practices for maintaining oral
hygiene. Parents/caregivers were inter-viewed for their
knowledgelevelsand practicesregarding oral health. The
speciaized oral health examination was performed to
check for caries, dental fluorosis, maloc-clusion,
developmental anomalies, and oral hygiene status.

Theseinitiativesexemplify the practical application of
policy in improving ora health, aigning with the
recommendations of Krol et a for integrated and
comprehensive oral health care. AAPGuidelineshighlight
the need for early dental visits, the establishment of a
dental home, integration of innovative approaches like
teledentistry and adherenceto recommended practiceslike
appropriate fluoride use and bedtime brushing routines.
They mark a significant shift towards proactive and
preventive pediatric oral healthcare. The expanded role of
pediatriciansis pivotal in thiscontext, encompassing risk

INDIAN PEDIATRICS

assessment, nutritional counseling, and collaboration with
dental care providers. Ultimately, these concerted efforts
arecrucia forimproving oral health outcomesin pediatric
populations, demonstrating theinterplay between clinical
practice, education, and preventive carein addressing the
persistent challenge of dental cariesinchildren.
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Reminiscences from Indian Pediatrics: A Tale of 50 Years

Evolution in Management of Vesicour eteral Refluxin Children
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Vesicoureteral reflux (VUR) is an anatomic and/or
functional disorder resulting in theretrograde flow of urine
from the bladder in to the ureter with potentially serious
conseguencesinlater life[1]. Galenfor

of VUR wasreported as 29.1% with amal e preponderance
(male to female ratio 9.4:1). The diagnostic modalities
used to determine the cause and the degree of reflux were
plain skiagram, excretory pyel ography,

the first time described the anatomy of
VUR and Da Vinci postulated an
antireflux mechanism to prevent urine
from returning into the upper tracts|[2].
Hodson and Edwards discovered the
association of VUR with renal scarring
due to recurrent bacterial infection [3].
Sincethen, severa research workshave
demonstrated an exponential
rel ationship between the grade of reflux
and the number of urinary tract
infections (UTIs) and renal scarring.
Working within this concept, there was
concern that uncontrolled reflux would
eventually lead to reflux nephropathy

voiding cystourethrography (VCUG)
and cystourethroscopy. M orethan 50%
of patients underwent surgica
7% | procedureswhereasothersweretreated
1 conservatively. Mortality was 11.2%.

G Similar studies in that era included
diagnostic modalitieslikeradiographic
studies including plain skiagram,
excretory pyelogram, voiding cysto-
urethrogram, cystourethroscopy under
general anesthesiaand visual demons-
tration of reflux by ingtillation of indigo
carmineinto bladder by the cystoscopy

[7].

and end-stagerenal disease (ESRD).

Vesicoureteral reflux (VUR) affects about 1% of all
children. Among infants prenatally identified to have
hydronephrosis by ultrasonography (USG) and who were
later screened for VUR, the prevalence of VUR was
reported as 16.2% (range 7-35%) [4]. In a recent study,
siblingsof childrenwithVUR had a27.4% (range 3-51%)
risk of also having VUR, whereasthe offspring of parents
with VUR had a still higher incidence of about 35.7%
(range: 21.2-61.4%) [5].

PAST

Before 1970s studieson VUR in Indiawere very few. In
1974, Taneja et a published a retrospective study on
children manifesting VUR[6]. Intheir study, theincidence
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In 1952, Hutch performed the first
antireflux surgery which led to the investigation of
relationship betweenVV UR and upper urinary tract damage
[8]. In 1958, Politano and Leadbetter introduced
intravesical ureteral reimplantation, a new surgica
corrective procedurefor VUR [9] asan advancement over
the prior surgical therapies which aimed to reduce
resistance at the bladder neck. Ureteral reimplantation
negated the concept that bladder outlet resistance wasthe
major cause of reflux [10]. In 1977 Edwardset a reported
high rates of spontaneous resolution of reflux (71%) on
low dose continuous antibiotic prophylaxis (CAP) [11].

The routine use of prenatal imaging was brought in
1980swhich madeit easy to diagnose VUR early inthose,
who had prenatal dilatation on sonography. Prior to this,
VUR was primarily identified after the onset of afebrile
urinary tract infection (FUTI) episode. 1980s was also
significant for the introduction of a standardized grading
system by the International Reflux Study Committee[12].
VCUG became helpful for demonstration of reflux on
imaging studies. Thelnternational Reflux Study proposed
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five grades of reflux based on the VCUG and discussions
of management became more specific. In an attempt to
bring out minimal invasive surgery in 1980s endoscopic
injections for the treatment of VUR was introduced;
however, the procedure gained popularity in 2001 when
FDA approved dextranomer/hyaluronic acid (Deflux)
[14].Althoughit wasinitially apopular procedure, the use
gradually decreased in USA because of certain
discrepancies.

PRESENT

Micturating cystourethrogram (M CU) isthe gold standard
to diagnose and stage VUR, which is present in
approximately one-third of children with UTI. This
implies that if imaging for VUR is performed in all
children with UTI, two-thirds will undergo the
inconvenience and hazards of imaging with negative
results. Hence, the MCU study should be reserved for
children with high suspicion of VUR. VUR is conven-
tionally graded on MCU using the International Reflux
Study classification [11]. Other modalities are Contrast
enhanced Ultrasonography (CE-USG), direct radio-
nuclide cystography (DRCG), indirect radionuclide
cystography (IRCG), and magnetic resonance urography
(MRU). Radionuclide studies such as DM SA (dimercap-
tosuccinic acid) scan and video urodynamic studies are
important only in patients in whom secondary reflux is
suspected.

Cystoscopy has a limited role in evaluating reflux
except in patientswith infravesical obstruction or ureteral
anomalies that might influence therapy. In most patients,
even high grades of VUR resolves spontaneously over a
period of time. Hence, the primary focus during manage-
ment of patients with primary VUR is to prevent
recurrenceof UT].

There are mainly two treatment approaches for patients
with VUR: conservative (nonsurgical) and surgical as per
recent ISPN guidelines [16]. In most patients, even high
grades of VUR resolve spontaneously over a period of
time. Hence, the primary focus during the management of
patients with primary VUR is to prevent recurrence of
UTI. Surgical reimplantation be considered in patients
with high-grade VUR with recurrent breakthrough febrile
UTI onantibiotic prophylaxis.

The conservative approach includeswatchful waiting,
intermittent antibiotic prophylaxisor continuousantibiotic
prophylaxis (CAP), and bladder rehabilitation in patients
with lower urinary tract dysfunction[12]. Most frequently
used agentsfor CAPare singlelow doses (one-third of the
treatment dose) of amoxicillin and trimethoprim (patients
aged < 2 mo) or trimethoprim sulfamethoxazole or

INDIAN PEDIATRICS
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nitrofurantoin (for older infants). Many clinical trialson
useof CAPinVUR are availablewith mixed results.

Surgical treatment can be carried out by endoscopic
injection of bulking agents or ureteral reimplantation.
Several bulking agents have been used over the past two
decades. They include polytetrafluoroethylene (PTFE, or
Teflon), collagen, autologous fat, polydimethylsiloxane,
silicone, chondrocytes, and more recently, a solution of
dextranomer/hyaluronic acid (Deflux). The best results
have been obtained with PTFE [15], but PTFE has not
been approved for use in children because of concerns
about particle migration [17]. Open surgical techniques
sharethebasic principle of lengthening theintramural part
of the ureter by submucosal embedding of the ureter. The
most popular and reliable open procedure is the Cohen
crosstrigonal reimplantation. Transperitoneal |aparo-
scopic approaches both conventional and robot assisted
include extravesi cal and pneumovesi coscopicintravesical
ureteral reimplantation. Recent ISPN guidelines suggest
open ureteric reimplantation over endoscopic correction
asit has a higher successrate of resolution of VUR and a
lower complication rate [16-19]. It is the preferred
modality for those with Bowel Bladder Dysfunction
(BBD) [20] and following failure of endoscopic correction
[21]. However, it is associated with prolonged hospital
stay, greater need for postoperative analgesia, and the
increased risk of postoperative complications. Whileopen
reimplantation (extra- or intra-vesical approach) is the
gold standard, laparoscopic or robotic-assisted |laparo-
scopic reimplantation has a lower average length of
hospital stay [22]. The disadvantages include a longer
learning curve, longer operating time, and higher cost.
These techniques can be considered only as alternate
optionsbased on the availability of surgical expertiseand
parental preference.

FUTURE

Management of VUR continues to be a dynamic subject
and variesin practice patterns between early intervention
vs observation only. It isstill apotential field with future
research tofurther stratify VUR patientsinto thosewho are
at highrisk for renal damage versusthosewith low risk, to
individualize and better management. Preventing future
UTls, rena scarring, reflux nephropathy and hyper-
tension should be goal s of managing VUR. The topdown
approach with upper tract imaging (USG and radionuclide
scan) and selective vesicocystourethrogram (VCUG) isa
new noninvasive approach in the evaluation of children
after their first FUTI. Contrast enhanced-USG may bethe
futureimaging technique with the advantage of being free
of radiation risk. |dentification of the underlying genetic
defects for VUR will help identifying patients with
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sporadic VUR, moresoinfamilial VUR. In addition, those
at risk of developing renal failure may benefit from an
analysisof genotype-phenotype correlations. Such studies
would also find the association of certain mutationswith
reflux grade. Finaly, a VUR gene may alow a hio-
chemical understanding of VUR, and possibly add to the
development of new approaches to treatment [23]. New
modalities like the use of procalcitonin and uri-
nary neutrophil gelatinase-associated lipocalin (NGAL)
levels and other biomarkers can be considered as para-
meters in further studies for development of a universal
tool [24].

Funding: None; Competing interests: None stated.
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ZincintheTreatment of Neonatal
Jaundice

We have read the paper on effects of ora Zinc
supplementation on serum bilirubin levels in term
neonates with hyperbilirubinemia undergoing photo-
therapy by Mandlecha et a with interest. We seek
clarificationsontwoissues.

Ora zinc (Zn) therapy is hypothesized to act by
inhibiting the absorption of bilirubin and increasing fecal
excretion, targeting enterohepatic circulation (EHC) and
lowering total serum bilirubin (TSB) [2]. Mandlechaet al
enrolled term neonates with hyperbilirubinemia without
risk of hemolysisor sepsis, where enhanced EHC may be
one of the causal pathways. Insufficient breastfeeding
causes neonatal jaundice by enhancing enterohepatic
circulation, known asbreastfeeding jaundice[3]. It may be
clinically measured as a percentage of birth weight loss.
Hence, the proportion of neonates with conventionally
>10% birth weight loss present in the intervention and
placebo groups needs to be informed. We noted that the
proportion of exclusive breastfeeding was lower in the
placebo group (43%), compared to theintervention group
(66%), whichisstatistically significant (P=0.01), but was
not discussed.

Mandlecha et a used LED device with a minimum
intensity of 30 pW/nm/cm? in both the intervention and
placebo groups. We found that in the placebo group, the
mean TSB levels (mg/dL) before the phototherapy (PT)
intervention, 24 and 48 h after the PT intervention were
18.57,17.08, and 14.62, respectively. The mean decrease
in TSB with LED device appears small compared to
previous published studies [3,4]. In a multicentric study
from India, using single surface LED phototherapy for
nonhemolytic hyperbilirubinemiain late preterm and term
neonates, therate of fall in TSB was0.19 mg/dL/h (nearly
4.5 mg/dL over 24 hours) [3]. We also reviewed the last
month of data from our unit: nine term neonates with
nonhemolytic jaundice at amean gestational age of 38.51
(0.78) wk received single-surface L ED phototherapy, TSB
decreased from 15.92 (1.89) t0 10.59 (3.6) mg/dL after 24
h PT, mean (SD) reductionin TSB 5.32 (2.93) mg/dL.

Mandlecha et a found that oral Zn supplementation
significantly reduced TSB and duration of phototherapy.
However, the lack of data on inadequate milk intake, the
increased rate of exclusive breastfeeding and the slower
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decline of TSB in the placebo group compared to
published studiesmay haveinfluenced the study results.
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AUTHORS’ REPLY

We agreethat insufficient breastfeeding canlead toweight
loss and potentially influence enterohepatic circulation
(EHC). In our study, all participants were closely
monitored to maintain hydration. The inclusion criteria
ensured all infants were term neonates with comparable
birthweights. All neonatesreceived standardized feeding
protocols regardless of group alocation, and we
maintained a randomized controlled trial design and
double-blinding, minimizing potentia biasdueto feeding
practices. We acknowledge that comparing weight loss
between the zinc and placebo groups could have provided
valuable data. We regret this omission and recommend
including such analysesinfuturestudies.

Therateof declineof total serumbilirubinlevel during
phototherapy depends on several factors. type of
phototherapy, type of light, irradiance level, surface area
covered, initia total serum bilirubinlevel andinthetiming
of TSB measurements post-intervention. While the
observed TSB decreasein our study may appear small, the
following are a few studies with results more closely
aligned with our findings. A study compared the efficacy a
single-surface LED and a conventional blue fluorescent
lamp, on nonhemolytic hyperbilirubinemia in term
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neonates wherein the mean TSB decline within 24 hours
for the single-surface LED group was 2.41 (1.57) mg/dL
[1], similar to our study. Another study reported a mean
declinein TSB of 1.06 (0.20) mg/dL at 24 hoursafter PT in
control group [2], similar to in our study. These studies
affirmthat the decreasein TSB whileseemingly lower than
some findings, fall within the range of documented
efficacy for single-surface LED phototherapy in term
neonates with nonhemolytic hyperbilirubinemia. It is
important to consider the specific context of each study,
including baseline TSB levels, treatment protocols, and
patient popul ations, when drawing comparisons. Different
studies may use different phototherapy protocols,
including phototherapy parameterssuch aslight intensity,
wavelength, treatment duration, and devicetype. Thismay
explain the skewed results. The method employed to
evaluate bilirubin, the precision and timing of bilirubin

89

measurement, and different inclusion and exclusion
criteriaamong studies can al so contributeto variationsin
study resullts.
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WHO Growth ChartsShould beUsed to
Makelndian Children Reach Their
Highest Growth Potential

We offer comments on a research article by Ghosh et a
published in Indian Pediatrics [1]. We strongly
recommend that the WHO growth charts should beused to
make Indian children reach their highest growth potential
[2]. In 2006, the WHO released growth standard charts
(Multicentre Growth Reference Study, MGRS) for
children which are thus normative, prescriptive and on
children under ideal physiologic circumstances[3]. Using
these growth charts, National Family Health Survey
(NFHS)-3 (2005-2006), NFHS-4 (2015-2016) and
NFHS-5 (2019-2021) have reported the prevalence of
stunting as 48%, 38.4% and 35.5% respectively, wasting
as 19.8%, 21%, and 19.3%, respectively, and that of
underweight as 42.5%, 35.8%, and 32.1% respectively.
The reduction in burden from NFHS-4 to NFHS-5 has
been marginal [4]. Ghosh et al argued statistically that the
WHO growth standards require contextual customization
and have shown that with such arithmetical derivatives, the
levelsof stunting, wasting, underweight are nearly halved
[1]. We fed that using lower standardsis liking drawing
the poverty line lower to decrease the number of poor
peopleinacountry. Their first argument that theimpact of
nutrition program from 2015 to 2020 (NFHS-4 to NFHS-
5) is not felt and therefore needs contextualization, itself
seems biased. The definition of healthy children in
Ghosh's paper is not explicitly mentioned and clarity on
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sampling is needed. The assumption that that z scores
should beunit normal inahealthy population may not hold
true universally. WHO data was normalized using |east-
mean-squares (LMS). Ghosh et a could have used
normalization, when the lower mean that they got would
havegot corrected. INWHO data, intercountry differences
were noted and thesewereironed out. Difference between
NFSH 4, and NFHS-5 and that between NFHS-3 and
NFHS-4 may not be comparable as the number of years
differenceis5and 10 yearsrespectively. Authorsused age-
specific correction. It may be highlighted that weight for
height isage-independent. By reducing the cut-offs, weare
down playing the optimal opportunity for any child to
grow to its full potential, especialy from the poorest
communities. Therefore, it is scientifically inappropriate
that we give less opportunity to Indian children. This
problem will not arise if the mean is not atered.
Calculation of a new term excess mean risk of growth
faltering (EM RGF), which hasnot been validated, will not
be needed. Wasting which isthe most important parameter,
isthusnot shown.
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We would like to provide our response to the critique on
our statistical approach to customize the WHO Growth
standards for the Indian context [1]. The main argument
proposed in the critique is that the WHO MGRS study
whichwasused to develop WHO global growth standards
followed the best methods and therefore provides
aspirational standards for children globally. However,
there are contradictions in the way the WHO standards
have been considered becausethese arereferred to asboth
‘prescriptive’ and ‘normative’. Firstly, prescriptive
standards are used in a clinical setting with continuous
monitoring of child growth, but wefed that such standards
should not be used to arrive at national undernutrition
estimates wherein average values or the prevalence of
undernutrition are used to formulate public health nutrition
policies. Secondly, the WHO Growth standards are
certainly not normative. Normative data are generated
from representative sampl es of the population which was
not the case with the WHO MGRS study. The WHO
MGRS explicitly generated data to develop the WHO
growth standards which essentially describe how healthy
children would grow when they have had the best potential
for growth, and the best environment.

Our motivation for seeking abetter growth standard for
Indian children was the non-improvement of the massive
burden of undernutrition across multiple nationa surveys
based ontheprevailing WHO standards. Wewereexplicitin
our paper that one of the many (amongst others) possible
reasonsfor an inflated undernutrition burden wasthe use of
the WHO growth standards which may have been
inappropriate [1]. We aso fed that with a lower ‘true
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undernutrition burden, the population growth response to
remedial measures like supplementary feeding will prog-
ressively becomelower and dower asnormalcy isreached.

Further, werelied onthe NFHS datadueto the absence
of any other national survey specifically in healthy Indian
children, whiletaking careto chooseasampleof ‘ healthy’
children from the NFHS and the Comprehensive National
Nutrition Survey (CNNS), who would be most similar in
socia and health characteristicsto thechildreninthe WHO
MGRS survey. The entire exercise was based on that
selected healthy subsample only, and not on the entire
survey data. According to the WHO standards, the
distribution of z-scores of all three metrics in a healthy
population must be standard normal. Then, according to
this assumption, z-scores within the healthy subsample
extracted from multiple national surveysshould also have
standard normal distributionwhichisindependent of age. If
there is deviation from this assumption in that healthy
subsample of children, including dependency on age, it
must point either to the growth standard being inappro-
priate for Indian children, or to the inadequacy of the
inclusion criteria used to extract the healthy sample of
children from the surveys. Since the definition of healthy
was mostly adopted to matchtheWHO MGRS survey, the
second possibility can be ruled out. Then, the inappro-
priateness of the growth standard for Indian children
appearsmorelogical.

In response to the suggestion for ‘normalization by
LMS', wewould liketo emphasizethat we only suggested
customization on normalized z-scores derived by WHO
recommended LMS values of respective metrics to
estimate a more accurate prevalence of undernutrition
among Indian children. The correction factors being age-
dependent, forces z-scores of al metrics, including weight
for height, to be standard normal distribution for healthy
Indian children. Wefurther clarify that our recommended
correction will not ater the temporal trend of
undernutrition estimatesin Indian national surveys. It will
only remove a constant bias from prevalence estimates
acrosssurveysover time.

We aso wish to emphasize that the proposed term
‘Excess Mean Risk of Growth Faltering (EMGRF)’ asan
aternative objective measure of preval ence/probability/
risk of undernutrition, akin to standard termslike stunting,
underweight and wasting. The major limitation of the
subjective cut-off based undernutrition diagnostic is the
drawing of an arbitrary line between normal and abnormal,
ignoring thefact that those who liein the neighborhood of
the diagnostic cut-off must share quite similar charac-
teristics. For example, a child with HAZ -1.9 is not very
different from a child with HAZ -2.1, yet, based on a
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CORRESPONDENCE

binary classification, these will be norma height and
stunted respectively. Further, regarding the concern that
we have missed the weight-for-height metric, wedraw the
attention to the 7.1% EM GRF estimate in Table 1.

We assert that the continued application of the present
WHO standards creates inflated and never-changing
measures of pervasive undernutrition in Indian children,
which results in unnecessary shaming, and in knee-jerk
excessivenutritiona policy reactionsof ‘feedingmore’. In
turn, simply feeding more (quantity), withlittle attentionto
the biological framework and antecedents of growth and
itscomposition in Indian children, the precision of actual
gapsin nutrient intakesand requirements, and of diversity
in food intake and quality, is more than likely to create
overnutrition, with all itsconsequences, in Indian children.
Thereisalready proof of this, astherecent CNNS survey
in India [2] found that 1 out of 2 children, whether

91

anthropometrically normal or undernourished, had
dysglycemiaor dydipidemia.
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CLIPPINGS: PEDIATRIC RHEUMATOLOGY

Clinical and laboratory differences between leukemic
arthritis and juvenile idiopathic arthritis (Pediatr
Rheumatol Online J. 2023;21:50)

Musculo-skeletal complaints such asjoint pain and swelling is
the one of the common presentations in both lympho-
proliferative and rheumatological conditions. This retros-
pective study was conducted to determine the clinical
differences between leukemic arthritis (LA) and juvenile
idiopathic arthritis (JIA). A total 76 patients were analyzed, 14
with LA and 62 with JIA. Female gender predominated in JJA
comparedto LA (79% vs 50%) and mean (range) agein LA was
8.1(3-14) y and 10.3 (2-15) y in J/A.. Arthritis pattern observed
in LA was predominantly oligoarticular (50%), 71% were
migratory in nature, followed by polyarticular in 43%, whereas
in JA 85% were polyarticular. The onset of symptoms was
much earlier in LA (4.2 mo) compared to JA (9.1 mo), P =
0.017. Severity of pain was dignificantly greater in LA
compared to JA. In LA group, 64% had fever and 86% had
significant weight loss. The presence of nocturnal pain, poor
response to analgesics, and hepatosplenomegay were
significant findings to differentiate LA from JIA. There was
significant anemia, leucopenia, thrombocytopenia and neutro-
penia in the LA group. Inflammatory markers such as C-
reactive protein and erythrocyte sedimentation rate showed no
difference between thetwo groups.

% Pediatric onset Takayasu arteritis is associated with
greater risk of mortality than adult onset Takayasu
arteritis(Semin Arthritis Rheum. 2024.65: 152355)

This systematic review and meta-analysis analyzed the risk of
mortality in pediatric-onset Takayasu arteritis (TAK) (<18
years) compared to adult-onset TAK. Five studies (single center
4; multicentric 1) were analyzed; pediatric onset TAK (n=151;
112 girls, 39 boys) and adult-onset TAK (n =499, 437 women,
62 men). Cardiovascular disease (stroke, heart failure and
myocardial infarction) and infections were the major cause of
death in either pediatric-onset or adult-onset TAK. Increased
mortality was observed in pediatric-onset TAK secondary to
more frequent severe organ dysfunction leading to heart failure
and rena failure. The pooled risk ratio (95% confidence
interval) of 2.27 (1.05-4.85, 12 0%) for death was observed in
pediatric-onset TAK, much higher than that in adult-onset TAK.
However, meta-regression did not reveal asignificant influence
of differences in sex distribution or the age proportion of
patients with pediatric TAK or adult-onset TAK on the pooled
mortality risk.

Barcitinib in Juvenile idiopathic arthritis (Lancet.
2023;402:555-70)

Juvenileidiopathic arthritis (JJA) is sometimes refractory to all
treatment regimens, hence new medications are needed to treat
this population. JUVE-BASIS, a phase 3, randomized, double-
blind, placebo-controlled, withdrawal, efficacy and safety trial,

was conducted in 75 centersfrom 20 countries. Patients aged 2-
18y with rheumatoid factor positive or negative polyarticular
JA, extended oligoarticular JIA, enthesitis related arthritis or
juvenile psoriatic arthritis who had an inadequate response
(after > 12 weeks of treatment) or intolerance to one or more
conventional synthetic or biologic disease-modifying anti-
rheumatic drugs (DMARDs) were enrolled. It consisted of a 2-
week safety and pharmacokinetic assessment subcohort, a 12-
week open-label lead in period and up to 32-week placebo
controlled double-blind withdrawal period, wherein those who
completed 2-week safety and pharmacokinetic assessment
proceeded to the open label lead in period for 10 weeks. Oncea
dose was confirmed for an age group in the pharmacokinetic
and safety period, patients received a once daily 4 mg adult-
equivalent doses of Baricitinib in the open label lead in period.
Patients meeting Juvenile Idiopathic ArthritissAmerican
College of Rheumatology (JA-ACR) 30 criteria (JA-ACR30
responders) at the end of the open-label lead-in (week 12) were
eigible for random assignment (1:1) to receive placebo or
continue receiving Baricitinib, and remained in the double-
blind withdrawal period until disease flare or up to the end of
the double-blind withdrawal period (week 44). Theprimary end
point was time to disease flare during the double-blind
withdrawal period. 220 patients were enrolled between Dec 17,
2018 and Mar 3, 2021, and received at least one dose of
Baricitinib. 219 patients received Baricitinib and one patient
was excluded from safety and pharmacokinetic period due to
untreated latent tuberculosis. At the end of open label lead in
period (week 12), 74% had at least a JA ACR 30 response and
randomly assigned in double-blind withdrawal period; placebo
81 and Baricitinib 82. Time to JIA flare was significantly
shorter in the placebo group than in Baricitinib group in
double-blind withdrawal period. Disease flare rate during the
double-blind withdrawal period was significantly lower in the
Baricitinib group (14 of 82 patients) than in placebo group (41
of 81 patients). At the end of double-blind withdrawal period
(week 44) JIA-ACR 30, 50 and 70 response rate in Baricitinib
group (n = 82) was 67%, 63% and 54% respectively, as
compared to 38%, 37% and 36% in the placebo group (n = 81).
Serious adverse events were seen in 6 out of 220 patientsin the
safety and pharmacokinetic period/ open-label lead in period.
In the double-blind withdrawal period, serious adverse events
were reported in 4/82 (5%) patients (incidence rate [IR] 9-7
[95% CI 2-7-24-9] per 100 patient-years at risk) in the
Baricitinib group and 3/81 (4%) (IR 10-2 [2-1-29-7]) in the
placebo group. No deaths were reported. Baricitinib was
reported as an efficacious, once daily ora therapeutic
dternative for patients with JJA who showed inadequate
response or intol eranceto standard therapy.
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NEWS IN BRIEF

India’s Drug Controller Bans FDC Cough Syrups
Below 4 Years

Fixed drug combinations (FDCs) containing chlorpheniramine
maleate and phenylepherine have been banned for use in
children below 4 years in India. The Central Drugs Standard
Control Organization (CDSCO) of India has ordered that
pharmaceutical companies must mention this on the package
insert and labels. Indian pharmaceutical industry has been under
the spot light after childhood deathswerereportedin childrenin
Gambia, Uzbekistan and Kashmir after the use of certain cough
syrups. The toxicity was linked to unacceptably high
concentrations of diethyl glycol and ethylene glycol whichisa
contaminant of the preservative glycerine. A look at thelawsin
the United States and Canada also shows that over-the-counter
FDCsused as cough syrups have been banned in children below
4 yearssince 2008. Cough syrupsgenerally have acombination
of antihistaminics, decongestants, antitussives and expectorants.
Chlorpheniramine is a common first generation antihistaminic
which helpsin nasal and ocul ar itching, sneezing and rhinorrhea.
The commonest side effects are drowsiness, dizziness and dry
mouth. Second generation antihistaminics have lesser side
effects and include cetirizine which is approved for use in
children above 6 months of ageand loratadinewhichisapproved
for those above 2 years of age. Phenylepherineisadecongestant
which acts on alpha-1 receptors and causes vasoconstriction in
thenasal mucosa. Side effectsincludetachycardia, arrhythmias,
hypertension and anxiety. Cochrane Collaboration has three
reviewslooking at the efficacy of OTC cough cold medications
and found none had asignificantly higher reduction of common
symptoms. In contrast the US National Adverse Drug
Surveillance program found that 6% of emergency visitsinayear
were due to complications of these OTC cough formulations.
Pitetti et al have reported that 5% of apparent life-threatening
events were related to OTC cough formulations. Other studies
have noted that factors associated with thefatalitiesincluded age
younger than 2 years, use of the medication for sedation, useina
day care setting, combining two or more medications containing
the same ingredient, failure to use a measuring device, product
misidentification, and use of productsintended for adults. (The
Hindu, Dec 20, 2023; Shefrin AE, Goldman RD. Use of over-the-
counter cough and cold medications in children. Can Fam
Physician. 2009;55:1081-3.)

FDA Approves Two Gene Editing Therapies for Sickle
Cell Anemia

Casgevy (exagamglogene autotemcel) is a cell-based treatment
which uses CRISPR/Cas9 based technology which results in
increased fetal hemoglobin (HbF) in patients with sickle cell
anemia. Stem cellsfrom the patient are collected and the patient
then undergoes myel oabl ativetherapy to destroy their own stem
cells. The extracted stem cellsare modified using CRISPR/Cas9
to deactivate a gene called BCL11A which normally represses
HbF production. Themodified stem cellswhen reintroduced into
thepatient result inincreased HbF production. Of the 30 patients
with sickle cell anemia who underwent this treatment, 29 no
longer had any of the severe vaso-occlusive crises they had

previoudly suffered from. It was also used in 42 patients with
beta-thalassemia of whom 39 no longer required blood
transfusions or bone marrow transplantation. The second gene-
based therapy isLyfgeniawhich worksdlightly differently. Here,
the patient’s stem cells are modified to produce a new kind of
hemoglobin HbAT87Q, Thisisintroduced into the patient using a
lentiviral vector. Thismodified HbA haslower tendency tosickle
or occlude blood flow. The United States Food and Drug
Administration (US FDA) has recently approved both the
therapies on December 08, 2023 and it becomes the second
country after United Kingdomto do so. Currently hematopoietic
stem cell transplant (HSCT) is a good option only for patients
with sickle cell anemia having matched donors while the new
gene editing therapies are theoretically possible for all patients.
However, the prohibitive costsof nearly $2 million per patientis
the magjor stumbling block. (FDA News Release, Dec 08, 2023,
https: //www.fda.gov/news-events/press-announcements/fda-
approves-first-gene-therapies-treat-patients-sickle-cell -
disease)

Children in Gaza

The UNICEF has called for immediate ceasefire and sustained
and unimpeded access to humanitarian accessin the Gaza Strip
which has been witness to unprecedented violence. About 160
children are dying daily here which amountsto one child every
10 minutes according to Christian Lindmeier, spokesperson for
UN World Health Organization (WHO). Destruction of water
treatment plantsand distribution systems haveresulted in severe
water shortages and use of unportable water by vulnerable
populations. Cases of diarrheaincreased from 48,000 to 71,000
in asingle week starting December 17, 2023. This accounts for
3200 cases/day whereas it had been 2000 cases/month prior to
hostilities. There have been 304 attacks on healthcare facilities
between October 07, 2023 and January 05, 2024. About 140 staff
workersof the UN Relief and WorksAgency havebeenkilledin
the hostilitiesin the past 3 months. “ The killing and maiming of
children, abduction of children, attacks on hospitalsand schools,
and the denial of humanitarian access constitute graveviolations
of children’s rights,” said Adele Khodr, UNICEF Regiona
Director for the Middle East and North Africa. “UNICEF
urgently appeals on all parties to agree to a ceasefire, allow
humanitarian access and release al hostages. Even wars have
rules. Civiliansmust be protected —children particularly —and all
efforts must be made to spare them in al circumstances.”
(UNICEF Press Centre, Oct 24, 2023, https://mwww.unicef.org/
press-rel eases/child-casualties-gaza-growing-stain-our-
collective-conscience; UN News, Jan 05, 2024, https.//
news.un.org/en/story/2024/01/1145317; UN Tarkiye, Nov 22,
2023, https: //turkiye.un.org/en/253479-gaza-crisis-aid-agencies-
war n-%E2%80%98tr agi c-avoi dabl e-surge%E2%680%99-chil d-
deaths)
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BOOK REVIEW

Behavioral Disordersin Children

Editors. BD Gupta, RK Maheshwari,
AK Arora, P Agrawal, A Purohit,
SR Choudhary
BEHAVIORAL | Jaypee Brothers Medical
Disorders in | Publishers, 2024

CHILDREN

e = i

ISBN 9789356968585
Pages. 270; Rs. 1195/-.

There has been a progressive increase in behavioral
disorders in children and adolescents in the last decade.
There is a strong felt need for clinicians to attain
competency inthereguisite cognitive, clinical, communi-
cation, and attitudinal skills to effectively manage these
children and their families. A pediatrician should be able
to screen for behavioral disorders, aswell aseval uate and
make a clinical diagnosis in children presenting with
atypical behavior. It is important to be able to discern
typical developmental variations from transient atypical
behavior triggered by stressors encountered while grow-
ing up; and significant pathological atypical behavior. For
this, one must possess an in-depth knowledge of al the
heterogeneous conditions that constitute behavioral
disorders. This book comprises of 30 chapters covering
most of these. It is multi-authored with 47 contributors

predominantly hailing from Rgjasthan. Starting with an
introduction that includes neurobiology and classi-
fication, the rest of the book covers conditions that one
commonly encountersininfancy, early childhood, school
age, and adolescence. This includes disorders that are
genetic, acquired (addictive substances, electronic
gadgets, and social media) or epigenetic in origin. The
format isfairly uniform covering scientific theory, mani-
festations enabling recognition of behavioral phenotype,
establishing diagnosis, planning investigations, and
management including non-pharmacological modalities
and counselling.

| congratulate all concerned for their vision and hard
work to have brought out this book and | wish them
success. Though there is some overlap in topics and the
content is more theoretical than clinically oriented, it is
nonetheless multi-dimensional in nature. Taking a cue
from the preface that invites constructive critique, my
suggestions for the second edition would be to make it
more operational for the readers by adding case
scenarios, a gorithms, and highlighting the key points.
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