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Editorial

Pneumococcus resides in the nasopharynx of humans and can be transmitted by
respiratory droplets to other individuals. In most cases, pneumococcal carrier state

is asymptomatic and subsequently it is usually cleared from the nasopharynx. The

duration of carriage is age and serotype dependent1.

In some individuals pneumococci may spread locally to cause infections like otitis

media, sinusitis or pneumonia. Sometimes it may cause systemic infections including

bacteremia and meningitis and in rare cases, infections in remote foci, such as

joints, bones and soft tissues.

Among many virulence factors of Streptococcus pneumoniae, pneumococcal

capsular polysaccharide is the most important. The polysaccharide capsule

significantly increases the resistance of pneumococci to phagocytosis by various

mechanisms, including guarding from antibodies and complement. Pneumococcal

virulence also depends on several serotype-specific characteristics, such as the chemical

composition and molecular size of the capsular polysaccharide. The serotypes
vary in virulence depending on their ability to activate the alternative and classical

complement pathway, to deposit and degrade the complement components on

the capsule and to resist phagocytosis. They also differ in their ability to induce

antibodies2.

Disease spectrum

Pneumococcal disease in children may present either as mild or serious form. Mild

disease, which is more common presents as sinusitis, otitis media or community

acquired pneumonia whereas meningitis, bacteremia and bacteremic pneumonia

are the manifestations of serious disease1.

A compromised immune system is a major risk factor for invasive pneumococcal

disease. Individuals with sickle cell disease and other hemoglobinopathies resulting

in functional asplenia are also at increased risk for serious infections including
septicemia with S. pneumoniae. The rate of  invasive pneumococcal disease in children

with sickle cell disease is 30 to 100 times greater than that of  healthy children. S.

pneumoniae is responsible for 50% to 60% of sepsis and peritonitis in children with

nephrotic syndrome.
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Occult bacteremia and sepsis

Occult bacteremia is the presence of bacteria in the bloodstream of febrile children

3 to 36 months of age not having any apparent focus of infection and clinically

does not appear to be toxic. It has been reported in upto 4% of febrile children in

pre conjugate vaccine era3.

The fate of bacteria depends on the immunocompetence of the host and virulence

of the organism. In some children it may be the earliest sign of serious infection

rather than a transient state which resolves spontaneously. Generally spontaneous

resolution occurs in well appearing children.

The severity of bacteremia is also related to the number of organisms in blood
stream and also specific host defense.

Sepsis is the systemic maladaptive response of  the body to the invasion of  normally

sterile tissue by pathogenic or potentially pathogenic microorganisms. In other

words, sepsis is an overwhelming inflammatory and coagulopathic response to a

source of infection.

Sepsis, if  not recognized early, or treated properly and aggressively is often a lethal

syndrome.

Clinical features

The clinical features are variable. It depends on various factors like age of the

child, the strain of the offending microorganism, the underlying disease of the

patient and duration of illness3.

Thorough clinical assessment must include temperature recording, pulse rate, blood
pressure, perfusion by capillary refill, respiration rate and pattern, mental status,

level of consciousness and urine output4.

Early sepsis – Typical features are fever and tachycardia. Respiration may be normal

or rate may be mildly raised with irregular breathing pattern. Mental status and

consciousness level are generally unaffected. Urine output may be mildly reduced

reflecting mild dehydration.

Late sepsis – Hypothermia and marked tachycardia with persistent tachypnea and

irregular respiration. Consciousness level is usually depressed and there is marked

reduction in urine output.

Blood pressure may be unaltered until a very late stage of  sepsis. The vasoregulatory

mechanisms preserve central blood pressure, especially in young children at the

expense of  impaired perfusion to limbs and organs.
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Skin-core temperature gradient should be measured with probes on toe and in the

rectum. A wide skin-core temperature difference of > 30C is a sensitive marker for

severe shock.

Capillary refill time prolonged beyond 2 seconds in normal room environment is a

reliable marker for reduced skin perfusion4.  Impaired perfusion may be recognized

by cold peripheries, poor capillary refill, tachypnea, tachycardia and oliguria, where

urine output is less than 0.5 mL/kg.

Saturation monitor is an essential adjunct to clinical examination for assessment of

hypoxemia. Poor cerebral perfusion due to hypoxemia may result in restlessness

and irritability in a child.

Investigations

Laboratory investigations should be carried out in order to determine the cause,

progress and severity of the condition.

Blood count:

WBC count exceeding 15000 cells/cmm in a 3 to 36 month old child with fever

and without a focus of infection is an indication that the child is at increased risk for

developing bacteremia5. A low peripheral WBC count also suggests septicemia and

commonly observed during episodes of  overwhelming bacteremic illness. Likewise

initial neutropihilia may progress to neutropenia with advancing disease. Hemoglobin

level may fall rapidly. Examination of  peripheral blood smear may reveal

thrombocytopenia, fragmented RBC, Howell-Jolly bodies and it indicates

progression to disseminated intravascular coagulation (DIC).

Markers of sepsis:

C-reactive protein (CRP) – It can rise many fold within 24 hours under conditions

characterized by inflammation with tissue destruction, especially bacterial infection.

Plasma level CRP reaches their peak not before 48 hours. It may remain elevated up

to several days even after elimination of  infectious focus.

Procalcitonin (PCT) – In healthy individuals, levels of PCT are below 0.1 ng/mL. In

patients with sepsis, PCT levels may increase many fold with calcitonin still in the

normal range6.

Patients with PCT levels below or equal to 0.5 ng/mL are unlikely to have severe

sepsis or septic shock, whereas levels above a threshold of 2 ng/mL identify patients

at high risk. PCT concentrations exceeding 10 ng/mL usually occur in patients with

organ failure remote to the site of infection7.
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Blood culture:

Blood culture is the gold standard for diagnosis of septicemia and it is indicated in

all infections where bacteremia is suspected3,4. It is the most important step towards

selection of appropriate antibiotic. It is recommended that a blood culture should

be obtained in 3-36 month old child with fever higher than 390C to 400C and total

WBC count greater than or equal to 15000 cells/cmm and without a specific

focus of infection2. Ideally three blood samples should be drawn at least half an

hour apart.

Supportive Management

Resuscitation:

As in any sick child, airway and breathing should be taken care of. If the child is in

shock, a peripheral venous canulation should be done immediately. Current

recommendations are to rapidly place a central venous catheter8. This should be

quickly followed by aggressive volume resuscitation with fluid boluses of

cryatalloid, usually normal saline. Boluses at 20 ml/kg should be infused; even 60

ml/kg fluid in the form of  cryasalloid and colloid may be given in initial 20

minutes. The goal is to maintain mean arterial pressure 65 mmHg and central

venous pressure between 8 and 12 mmHg. The child should preferably be managed

in Pediatric Intensive Care Unit (PICU).

Once adequate volume replacement is done as reflected by CVP and central blood

pressure, persistence of  signs of  impaired peripheral perfusion suggests that either

myocardial failure due to endotoxemia or peripheral vasoconstriction may be
present.

Fluid and electrolyte balance:

In septic shock the fluid balance should be addressed under the headings of

restoration of intravascular volume, maintenance of fluid and replacement of

ongoing losses. Electrolyte and blood glucose should be measured at regular

intervals and corrected accordingly.

Cardiovascular support:

Inotropic support should be started when there are signs of impaired perfusion

that have not responded to initial measures of fluid resuscitation4. Dopamine 2.5-

5 µg/kg/min should be started as first line measures. Dobutamine 2.5 µg/kg/

min may be added for further inotropic effect and increased up to 20 µg/kg/min

while keeping dopamine at 5 µg/kg/min which is the optimum dose for
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maintaining renal perfusion. If hypotension persists despite adequate CVP dopamine

can be increased in 2.5-5 µg/kg/min increments up to a maximum of 20 µg/kg/

min. A third inotrope may be introduced in the form of  adrenaline 0.1-1.0 µg/kg/

min or isoprenaline 0.1-2.0 µg/kg/min while keeping dopamine at the renal dose

of 5 µg/kg/min. Noradrenaline may be used as a fourth inotrope.

Respiratory support:

In children with septic shock, work of breathing may represent 15% to 30% of

oxygen consumption and thus contributes to the development of  lactic acidosis.

Early use of mechanical ventilation along with sedation and paralysis has many

advantages. It removes the work of  breathing thus it allows for redistribution of
limited cardiac output to vital organs, hemodynamic monitoring becomes easier

and the respiratory component of acid-base balance can be manipulated easily9.

Antibiotic therapy

Along with appropriate resuscitation and supportive measures, optimal use of

antibiotic regimens is the critical determinant of  survival in sepsis and septic shock.

So antibiotics should be started early.

Prevention of bacteremia11

(i) Education and training of  healthcare workers.

(ii) Hospital infection control policy.

(iii) Hand hygiene – Washing hands with antiseptic-containing soap and water or

with alcohol-based gel or foams.

(iv) Appropriate barrier precautions during catheter insertion – Sterile gloves,
gowns, mask, drape.

(v) Adherence to aseptic catheter site care.

(vi) Disinfection of injection ports before use.

(vii) Using Teflon or polyurethane catheters.

(viii)  Using peripheral rather than central venous catheter when it is possible.

(ix) Using subclavian rather than jugular insertion sites.

(x) Removal of catheters as soon as possible.

(xi) Replacement of  tubings after blood products or lipid emulsions.

(xii) Not to use topical antibiotic ointment on insertion sites, except using dialysis

catheters.
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The morbidity and mortality rates for septic shock in children vary with age, presence

or absence of underlying diseases and the specific microorganisms responsible for

the septicemic state. As with any infection, prevention is more desirable than cure.
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Systemic Therapy in Atopic Dermatitis

*Sandipan Dhar, **Abhijit Saha, **Raghubir Banerjee, **Rajib Malakar
*Professor, ** Visiting Consultant, Department of Pediatric Dermatology, Institute of Child Health, Kolkata

Abstract

Atopic dermatitis is an immunologically mediated chronic inflammatory disease which cannot be con-
trolled always with topical agents. Systemic drugs play important role in these difficult to manage cases.
Systemic agents are also important in controlling the acute flare. Unfortunately these agents are very
limited in number. Moreover none of them starting from corticosteroid to azathioprine can provide
complete cure. Continuous research is unfolding different aspects of AD pathogenesis which was not
known previously. Scientists are engaged in developing newer molecules targeting those novel pathologi-
cal pathways thus adding in the armamentarium of existing drugs. This article is dedicated to current
systemic treatment options available with their individual merit and demerit along with recent advances in
this field.

Key words: Atopic dermatitis, systemic therapy, steroid, azathioprine, cyclosporine, methotrexate

Introduction

Systemic therapeutic agents are reserved for

severe AD with extensive involvement and

recalcitrant one difficult to manage with

topical agents. Recalcitrant AD lead to sleepless

night, chronic tiredness, poor scholastic

performance, psychological stress, growth

retardation ultimately poor quality of life of

child and parents as well. Conventional

systemic options are l imited and their

therapeutic efficacy is also not constant.

Further their long term used can lead to serious

adverse effect. Close monitoring of different

parameters are absolutely essential to make a

balance between risk and benefit. Other

factors such as compliance, convenience, cost,

physician’s experience, host factors,

environmental factors should be taken into

account while selection of a particular agent.

So every therapeutic option should be

individually tailored. On the contrary, novel

agents are made to target specific molecular

pathway; hence supposed to have a more
constant benefit with theoretically less side
effects. We are addressing evidence based
discussion on existing systemic therapeutic
options with brief  light on newer molecules.

After going through extensive and systematic
literature search for currently available
evidences of systemic therapeutic options of
atopic dermatitis, overall impression is
frustrating. Randomized controlled trials
regarding safety and efficacy of the systemic
agents are lacking even with most commonly
used systemic steroid. Most probable
explanation may be serious adverse effects
limit drug trial in paediatric population where
ethical issues are bound to play role.

Systemic corticosteroids

Systemic steroids are commonly used in

Annals of ICH, Calcutta 9



refractory AD and FDA approved for the

same. Though known to be a effective drug

for short term use, evidences are lacking for

their dosing and long term safety profile. Few

RCTs and case series are available to establish

short term efficacy of  corticosteroids. Two

small RCTs showed 22% and 39% reduction

in clinical severity in childhood AD with

beclomethasone dipropionate ( oral + nasal)

and oral flunisolide respectively versus

placebo1,2. But surprisingly studies on

commonly used agent prednisolone in both

adult and paediatric population are lacking.

Short term efficacy of  oral steroids is also

limited due to rebound flare in AD. A small

RCT comparing cyclosporine and oral steroid

in adults showed cyclosporine a better choice

for stable remission3. Again if considered to

be a suitable agent for short term use,

questionable efficacy beyond few months of

therapy still reign.

Systemic cyclosporine

Among the systemic immunosuppressive

Cyclosporine is extensively studied and

evidences are plenty. Cyclosporine mainly

down regulate transcription of cytokines

namely IL-2 responsible for T cell activation.

It also alters the activity of regulatory T cell

to some extent. It is very effective drug for

treating severe recalcitrant AD. A positive

dose-response relation of 29% vs 46%

following 2 week of therapy with 3mg/kg

vs. 5 mg/kg cyclosporine was observed4. The

molecule has been extensively studied as a

short term measure and long term modality

as well. Prompt onset of action and good

tolerability makes it clinician favourite but

relapse is definitely an issue even following

discontinuation by slow tapering. A relapse

of 86% within 9 months of follow up period

was observed.5 Studies are able to show

effectiveness of  the drug with long term use.

Steadier remission can be achieved with a

maintenance dose than 12 weekly cyclical

therapies5.  At least 50% mean improvement

in severity score regardless the dosing schedule

is noteworthy4,5,6 .  Its effectiveness is similar

whether children5,7 or adults4,8 are exclusively

included in the respective studies. Interestingly

it is more effective when flare was precipitated

by infection9.  One study show cyclosporine

and methotrexate in low dose are almost

equally effective, well tolerated  in paediatric

population with minor side effects10.

Gastrointestinal side effects and headache are

of major concern in paediatric population11.

Though patients pass through definite threat

of  hypertension and renal impairment; are

rarely seen in paediatric population in 1 year

follow up period5.  In spite of  the observation

strict monitoring off all the important

parameters including blood biochemistry,

blood pressure should be norm. Chances of

development of skin cancer cannot be

underestimated.  Further studies are needed

to establish long term safety and efficacy of

this novel agent beyond 1 year with larger

sample size.

Methotrexate

Search for an effective yet safer alternative in

the treatment of recalcitrant AD recently

found Methotrexate a new addition in the

armamentarium. Apart from its conventional

folate antagonist activity, at low dose it

interferes with T cell activation.  Weatherhead

SC et al demonstrated 52 percent
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improvements in the severity score with better

quality of life in moderate to severe AD

treated with Mtx.12 Drawback of the study

is small sample size ( n=12).  As we already

mentioned El-Khalawany MA et al 10

compared efficacy and safety of low dose

Mtx (7.5 mg/kg) with low dose cyclosporine

(2.5 mg/kg/day) in the treatment of

childhood severe AD. They offered the

treatment for 12 week followed by a 12 week

follow up period. Outcome measure assessed

with improvement of eczema severity score.

Adverse effects were also noted as

appropriate. They concluded both as almost

equally effective and safe options. Though

minor side effects are common with low dose

of both the options, Mtx can stil l  be

considered a safer option than cyclosporine

in long run. As onset of action is a bit slower

in case of Mtx, azathioprine could be a better

comparator. Drawback of  this study is small

sample size (n=40) and restriction of both

treatment and follow up period within 12

weeks. Adverse effect like nausea and elevated

liver enzymes are common with Mtx use10,13.

These can be easily overcome with folic acid

supplementation and divided dosing. Regular

monitoring of complete blood count and

LFT is important to avoid serious adverse

effect.

Azathioprine:

Immunosuppressive action of AZA could be

utilized to treat severe AD. It mainly inhibits

purine synthesis thus inhibit T cell activation.

Compared to cyclosporine evidences are

limited. In a small double blinded cross over

study by berth-jones et al. Only 23%

improvement in severity score in adult was

noticed following 12 week treatment with 2.5

mg/kg AZA compared to placebo group14.

Another double blinded parallel group

placebo controlled RCT showed similar

result, only 17 percent improvement in disease

severity was noted compared to placebo. Here

authors considered TPMT activity for

determination of  dosing schedule. Participants

withdraw from both of the group in minor
number. Patients with heterozygous range

TPMT activity responded in similar fashion

without developing bone marrow toxicity15.

In conclusion, AZA can be considered as

effective treatment option in severe AD but

effect is less pronounced compared to

cyclosporine. Further RCTs are required in

near future.

Other drawbacks are slower onset of action

and side effect profile. Myelosuppression,

increased risk of  malignancy, hepatotoxicity

and increased risk of infection are some serious

side effects. Bone marrow toxicity further
increases if there is absent or reduced TPMT

activity. Therefore measurement of  TPMT

activity before start of therapy is absolutely

necessary. AZA is still an effective drug if  dose

adjustment is required due to reduced TPMT

activity15.16.17. When compared with other

immunosuppressive agent such as MTX both

group showed comparable improvement (39

percent vs. 42 percent). Minor adverse effect

profile almost similar in both groups with

increase incidence of leukopenia in AZA

arm18.

Mycophenolate Mofetil:

MMF exerts its immunosuppressive function

by blocking the denovo  purine synthesis.  Few

uncontrolled studies and case series showed
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it to be an effective option for refractory AD

both in adult and paediatric population19,20.

Again the lacuna is lack of  long term RCT to

establish its long term efficacy and safety.  But

at least this can be said that figures regarding

improvement of severity score definitely look

better than that of the AZA discussed in

previous paragraph. Two uncontrolled studies

with 20 patients each demonstrated 55% and

68% improvement in severity score following

8 and 12 week of therapy respectively20,21.

Another case series   even showed it to be a

effective option in AZA failed cases with better

tolerability22. One RCT found it to be a

effective option for maintenance therapy after

initial rapid induction with any faster acting

drug such as Cyclosporine23.

Regarding side effects and long term safety,

MMF is commonly believed to be a safer

option than Cys. This conclusion was probably

drawn from lack of evidence based data on

MMF monotherapy where as its comparator

Cys was extensively studied for the same. A

nice review by Buell C et al showed Cys

definitely pose greater cancer and kidney

damage threat compared to MMF. On

contrary, MMF is associated with increased

risk of infection and greater risk in

pregnancy24.
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Neurodevelopmental Clinic

Neurodevelopment clinic is held every Friday at 12 noon. All types of
developmental delay, cerebral palsy, speech delay, poor scholastic

performance, autism, ADHD are dealt in this clinic.
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Extra Corporeal Membrane Oxygenation (ECMO)

Sandip Gupta
PICU Specialist, Institute of Child Health, Kolkata

What is ECMO

ECMO or Extra Corporeal Membrane
Oxygenation is a form of  extracorporeal life
support where an external artificial circuit
carries venous blood from the patient to a
gas exchange device (oxygenator)  where
blood becomes enriched with oxygen and has
carbon dioxide removed. This blood then re-
enters the patient circulation1.

How does it work- The circuit consists of
tubing taking deoxygenated blood from the
patient through a pump, an artificial
lung(oxygenator), a heat exchanger, and finally
tubing returning oxygenated blood to the
patient (fig 1). Venous-venous cannulation is

used for isolated respiratory failure

(hypoxemia), whereas venous-arterial
cannulation is used for cardiac failure (tissue

hypoxia secondary to hypoperfusion) with or
without respiratory failure.

Modes of ECMO

ECMO can be categorized according to the

circuit used

Veno-arterial :

 VA ECMO provides both gas exchange and
circulatory support (Heart & Lung failure).

Cannulas are placed in a major artery and one

or more major veins. Venous blood is

oxygenated and pumped back directly into

Fig1. Double lumen cannula version of venous-venous extracorporeal life support for respiratory failure:
deoxygenated blood from both the superior and inferior venae cavae passes into one lumen of the
double lumen cannula. Blood flows in the tubing to a pump and on to an oxygenator and heat exchange
unit, before being returned to the right atrium through the second lumen.
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the arterial circulation, bypassing both the heart
and lungs.

Veno-venous :

VV-ECMO allows gas exchange only
(Isolated Lung failure). A double lumen
cannula is commonly placed in a major vein.
Deoxygenated blood flows from the venae
cavae and oxygenated blood is returned to
the right atrium. Alternatively, separate inflow
and outflow cannulas may be used.

Indications For Initiation Of ECLS

Cardiac ECMO :

1. Refractory Cardiogenic shock: viral
myocarditis

2. Post op cardiac pts with failure to wean

off-pump LCOS, refractory arrhythmia,

E-CPR

3. Refractory pulmonary hypertension

4. Bridge to transplant

5. Sepsis with profound cardiac depression

Respiratory ECMO :

Conditions like ARDS, Pneumonia, Status

asthmaticus, Chemical pneumonitis,

Inhalational pneumonitis, Near drowning,

Bronchiolitis, Persistent air leak syndrome .

Difference Between VA-ECMO and VV-ECMO

VA-ECMO VV-ECMO

Requires arterial and venous cannulation Requires only venous cannulation
Provides cariac support to assist systemic Does not provide cardiac support to assist
circulation systemic circulation
Bypasses pulmonary circulation /decreases Maintains pulmonary blood flow
pulmonary aerial pressures
Can be used in RV failure Cannot be used in RV failure
Lower perfusion rate is needed Higher perfusion rates are needed
Higher PaO2 is achieved Lower PaO2 is achieved
ECMO circuit connected in parallel to the ECMO circuit connected in series to the heart
heart and lungs and lungs

Presence of  any two of  the criteria from the following observed over a period of
4 to 6 hours after maximum medical resuscitation2:

   PaO2/FiO2 <75%
Oxygen index (OI)>40%
Murrays Score of >3
A-a gradient >600
Hypercapnia with PH of  <7.2 observed over more than 3 hours.
Lung compliance <0.5 cc/cmH2O/kg
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Exclusion Criteria:

PaO2/FiO2 <75%

Oxygen index (OI)>40%

Murrays Score of >3

A-a gradient >600

Hypercapnia with PH of  <7.2 observed over
more than 3 hours.

Lung compliance <0.5 cc/cmH2O/kg

Exclusion Criteria:

• Irreversible disease- eg: malignancy, end-
stage hepatic or renal failure

• Patient on the ventilator for >15 days

• Intracranial bleed or recent neurosurgical
procedure

• Active bleeding from a noncompressive
site

• Irreversible neurological status

• Unwitnessed arrest or arrest >30minutes

• Gross multi-organ failure

Circuit components

The components of an ECLS circuit, although

based on the traditional cardiopulmonary

bypass circuit, have been developed or

adapted for long-term support (Fig.2 ).

Vascular cannulas are placed for blood

drainage and reinfusion. A small drainage

reservoir (or bladder) helps to ensure

continuous availability of  blood for the pump.

This reservoir is essential in roller-pump

circuits and optional in centrifugal pump

circuits. A roller or centrifugal pump provides

blood flow through the circuit. An artificial

lung (oxygenator) provides gas exchange and

a heater-cooler provides precise temperature

control. Other circuit components allow for

infusion of medications, incorporation of a

hemofilter or other adjunctive techniques such

as plasmapheresis, and monitoring systems for

blood gas, flow, and pressure.

Circuit management

Priming :

The extracorporeal circuit volume is substantial

relative to patient blood volume, requiring

circuit prime consisting of a solution that has

normal electrolyte concentrations. In smaller

children, especially neonates necessitates using

Fig.2 showing components of  ECMO circuit. Circuit Management
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a blood prime. Priming begins with a

balanced electrolyte solution (such as

Normosol or PlasmaLyte). Albumin, packed

red blood cells, or fresh frozen plasma may

be added later.

Initiation of Support :

Preparation of the patient prior to cannulation

includes adequate sedation and analgesia and

neuromuscular blockade. Activated clotting

time(ACT) is measured as a baseline prior to

heparin administration. An initial bolus of

heparin (50-100 U/kg) is administered just

prior to cannulation. After vascular access is

achieved, the circuit is connected and flow is

initiated at a low-flow rate, increased

incrementally to the target rate over a short

duration. Minimum blood flow for cardiac

support i .e. VA ECMO are as follows

Neonate- 100ml/kg/min,Pediatric-80ml/kg/

min,Adult-60ml/kg/min. The blood flows

are adjusted according to hemodynamic status

of  the child. VV-ECMO blood flow rates

of 120ml/kg/min in neonates, 80-100ml/kg/

min in children and 60-80ml/kg/min in

adults3.

Gas flow rates :

It should be set in relation with blood flow,

the ratio of sweep gas flow: blood flow is

0.5: 1 & can go maximum up to 1.5: 1. It is

adjusted according to the carbon dioxide level.

Anticoagulation and Hematologic
Management :

The ECLS circuit is pro-coagulant, requiring

continuous administration of a systemic

anticoagulant. Inadequate anticoagulation leads

to clot formation in the circuit. At present,

heparin remains the anticoagulant of choice.

Maintaining the ACT between 180 and 200

seconds is a usual target that may balance the

risk of bleeding complications and circuit

clotting, but will vary according to institutional

preference, clinical situation, type of ECLS

circuit, and type of  ACT machine being used

(kaolin or celite). Platelet dysfunction is very

common during ECLS support. and daily

transfusions are not uncommon during the

early phase of support. A platelet count of

80,000-100,000 is maintained during the initial

phase of support and during management of

bleeding complications. Red blood cell

transfusions are often required. The target

hemoglobin is generally 10-12 g/dL, fresh

blood is preferred4.

Patient Management

Ventilator Management :

Although the goal for ventilator management

is to provide a protective ventilation strategy.

The goal is to maintain alveolar recruitment,

avoid overdistension and atelectasis, and

reduce exposure to elevated concentrations

of O
2
. Use of pressure-limited ventilation,

elevated levels of positive end-expiratory

pressure (PEEP) (10–12 cm H
2
O), low

ventilator rates (6–10/min), and small tidal

volumes (<6 mL/kg) will meet these goals.

Hemodynamic Management :

The requirement for vasoactive agents is

almost universal in patients about to undergo

extracorporeal support. Inotropic and
vasopressor agents are weaned after initiation
of support. After the initial period of support,
vasoactive agents can often be weaned off
completely. In patients on VA ECLS with
severe cardiac dysfunction, it is common
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practice to enhance contractility with low-dose
inotropes (e.g., =0.05 mcg/kg/min
epinephrine or =5 mcg/kg/min dobutamine)
in order to facilitate aortic valve opening and
prevent stasis of blood in the systemic
ventricle and aortic root5.

Sedation and Analgesia :

Routine ICU sedation is also used in ECLS,
usually consisting of a benzodiazepine
(midazolam or lorazepam) and an opioid
analgesic (morphine or fentanyl). Dosing
requirements may be elevated, as drugs may
be adsorbed by the circuit, tolerance can
develop, and hemofiltration can remove
administered drugs.

Fluids and Renal Replacement Therapy :

Maintenance of  normal intravascular volume
is important during ECLS, as an adequate
venous return is necessary to maintain pump
flow. Volume can be replaced with crystalloid,

colloid, or blood products

Excess interstitial edema leads to organ

dysfunction, contributing to worsening

pulmonary, cardiac, gastrointestinal, and renal

function. Diuretics (intermittent or continuous

infusion) are the first choice in reducing

interstitial edema, but if response to diuretics

is inadequate, hemofiltration can be

incorporated into the ECLS circuit.

Hemofiltration can be performed by inserting

a hemofilter between high-pressure and low-

pressure points in the circuit, such as

preoxygenator and into the bladder,

respectively. Another approach is to siphon

postoxygenator blood into a dedicated

pediatric continuous renal replacement therapy

(CRRT) circuit and return the blood

preoxygenator, where air or debris from the

CRRT circuit can be trapped by the

oxygenator.

Nutritional Support :

It is well established that enteral nutrition has

substantial benefits over IV nutrition in critically

ill patients and is the preferred route of

administration. Initiation of enteral nutritional
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ECLS Registry Report

International Summary
January 2019

Extracorporeal Life Support Organization
2800 Plymouth Road
Building 300, Room 303
Ann Arbor, MI 48109

Overall Outcomes

Total Survived ECLS Survived to DC

Runs or Transfer
Neonatal

Pulmonary 31,591 27,779 87% 23,119 73%
Cardiac 8,252 5,684 68% 3,529 42%
ECPR 1,864 1,315 70% 775 41%

Pediatric
Pulmonary 9,487 6,797 71% 5,573 58%
Cardiac 11,377 8,155 71% 5,980 52%
ECPR 4,361 2,628 60% 1,858 42%

Adult
Pulmonary 19,482 13,463 69% 11,565 59%
Cardiac 19,627 11,628 59% 8,381 42%
ECPR 6,190 2,580 41% 1,827 29%

Total 112231 80,019 71% 62,607 55%



support should begin after resuscitation is

complete and perfusion is restored, usually

within 12–24 hours. IV nutritional support is

used when the enteral route is contraindicated

or to supplement it when full support cannot

be achieved by the enteral route alone.

What are the main complications:

Bleeding (7-34%) and thrombosis (8-17%) are

the most common serious complications.

Because of blood-surface interaction, clots

can form in the circuit and embolise. Systemic

infusion of unfractionated heparin helps to

Common terminology associated with ECMO

ECLS Extracorporeal life support Encompasses all extracorporeal technologies
and life support components including
oxygenation, carbon dioxide removal, and
haemodynamic support; renal and liver
support may also be incorporated.

ECMO Extracorporeal membrane Older traditional term for extracorporeal life
oxygenation support that omits reference to inherent

additional life supports such as haemodynamic
support and carbon dioxide removal.

VV ECLS Venous-venous Deoxygenated blood is drained from one or
extracorporeal life support more major vein and oxygenated blood

returned to the right atrium; supports
respiratory function only and requires native
heart function to deliver oxygenated blood to
the tissues.

VA ECLS Venous-arterial Deoxygenated blood is drained from one or
extracorporeal life support more major vein and oxygenated blood

pumped back into a major artery, thus
providing tissue perfusion in the absence of
adequate native heart function.

E-CPR Extracorporeal Extracorporeal life support instituted during,
cardiopulmonary and as an adjunct to, conventional
resuscitation cardiopulmonary resuscitation.

ECCO2R Extracorporeal membrane Selective carbon dioxide removal
carbon dioxide removal

reduce thrombus formation but bleeding risk

is then increased. Monitoring and appropriate

treatment for disseminated intravascular

coagulation (2-5%), hemolysis (7-12%), and

fibrinolysis is also needed. Cannulation (7-

20%) and surgical site bleeding (6-34%) are

common. Intracranial bleeding (1-11%),

especially in neonates; gastrointestinal

haemorrhage (1-4%); and pulmonary

haemorrhage (4-8%),seizures (2-10%) and

infarction (1-8%) are common complications.

Despite these problems, extracorporeal life
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support is becoming ever safer, especially

when appropriately selected patients are

managed in specialised units with well trained

and experienced staff supported by

multidisciplinary teams6.

Outcomes From ECMO:

Over 1 lac patients from all age groups who
have undergone extracorporeal support have
been reported with 71% surviving ECLS and
about 62% surviving to discharge or transfer.



Approach to a Child with Acute Earache

Sarmistha Sinha
Consultant, Department of ENT, Institute of Child Health, Kolkata

Otolaryngological conditions constitute a

significant share of emergency medical

problems seen in paediatric age group. Among

them the major complaints at the time of

presentation is earache (32.3%)1. Most of the

time it is not usually a sign of any serious

disease, but it distresses parents a lot. Early

treatment of the ear pain decreases both

parental anxiety and the child's discomfort. It

also accelerates the healing process.

Earache can be primary or secondary. In

primary causes the cause is within the ear

which is called primary otalgia. It may be

secondary where the cause is not in ear, but

somewhere else. The ear receives sensation

fibers from cranial nerves fifth (trigeminal),

seventh (facial), ninth (glossopharyngeal) and

tenth (vagus) and cervical nerves C2 and C3.

These nerves cover long courses in the head,

neck, and chest. Pain from these areas is felt

as earache which is called referred pain and

caused secondary otalgia where the ear
examination is normal. On the other hand the

structures of the inner ear (i.e., cochlea and

semicircular canals) are supplied by cranial

nerve VIII (vestibulocochlear), which does

not have any pain fibers. Therefore most

pathologic processes of the inner ear are

painless.

Common Causes of Earaches in Children

• Ear Infection:  Middle ear infection is the

most common cause. They can be viral

or bacterial.

• Eustachain tube dysfunction causes

recurrent otalgia in children.

• Swimmer's Ear: An infection or irritation

of the skin of external ear canal which is

mainly occurs in swimmers .Main

symptom is itchy ear canal. If it is infected,

it becomes painful.

• Ear Canal Injury

• Furuncle / Abscess: An infection of a hair

follicle can cause severe earache.

• Earwax: Accumulated hard earwax can

cause ear pain. If the wax is pushed

beyond the constricted part of the ear

canal, the ear canal can become blocked

and it causes excruciating pain.

• Ear Canal Foreign Body: Foreign body

can cause pain if it is sharp or pushed

inside.

• Barotrauma: If the ear tube is blocked

due to sudden increases in air pressure in

flight, severe ear pain can start. It is

common during take off  or landing. It

can also occur in high altitude.

• Referred Pain: Common causes are

tonsill itis, tooth decay, parotitis,

temperomandibular joint (TMJ)

syndrome.
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Presenting feature:

The older child complains about ear pain in

or around the ear. Difficulty arises in younger

child. Often the presentation is not clear. Most

of the time they are irritable and do not take

food. There might be history of fever, ear
rubbing/pulling ,hearing or balance problem.

Management:

The differential for ear pain is very difficult

and there is no consensus to manage this

condition properly. History from parents is

important. It can be assumed that primary

causes of ear pain are more acute in nature

than the secondary one. We can get some hints

from presenting symptoms (Table 1).

Thorough clinical examination including

systemic and local examination is to be done.
(Fig.1) Key components of  physical

examination should include examination of

auricular and preauricular region. Pain on

traction of pinna or tenderness on tragus

indicates otitis externa. In secondary otalgia

the ear examination is normal. For otoscopic

                                          Patient present with ear pain


                                              History and ear exam


  
Abnormal ear exam                       subtle ear finding                           Normal ear finding

  
       Treat                          Rule out worst case scenario                      Basic evaluation

1. Examine nose, oropharynx,
     neck,TMJ

2. Hearing assessment

3. Tympanometry

4. Dental check up

Fig. 1 .Algorhithm for the management of  otalgia in children

Table 1.  Presenting Symptoms and Possible Condition

Symptoms Possible Condition

Ear pain with toothache Teething, caries tooth

Ear pain with change of hearing Glue ear, acute otitis media,

impacted wax, foreign body

Ear pain  when swallowing Tonsillitis,quinsy

Ear pain with a fever Common cold, acute otitis media,

tonsillitis

Ear pain just after cold Otitis media
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examination, we might need to clean the

external ear canal to see the eardrums properly.

Sometimes ear drops with local anaesthesia

work well. Eardrum will guide us whether

the earache is primary or secondary.

As pain is very distressing for the parents, it
should be taken care first. Severity of pain

should be assessed reliably with pain charts.

In a study by Utti JM et al showed that without

pain scales, parents may underestimate their

child’s pain2. In their study parents assessed

their child’s pain by using two pain scales: The

Faces Pain Scale-Revised (FPS-R) and the

Face, Legs, Activity, Cry, Consolability

(FLACC) Scale. Then they compared the

severity of pain between three parental pain

assessment methods (the parental interview,

the FPS-R and the FLACC Scale).It seemed
that most of the time  they underestimate the

child’s pain3. In fact, acute pain of  young

children has recently been shown to be reliably

assessed with the FLACC Scale by nurses.

Simple painkillers such as paracetamol or

ibuprofen can control the pain. Analgesics

should be given in proper dose4. Regarding

analgesics one study showed that parents often

have insufficient knowledge of the benefits

of correctly dosed pain medication at

regularly scheduled intervals5. Warm or cold

compress can also give some temporary

relief. Earache becomes worse while lying
down. Child should be kept upright or head

elevated. Antibiotics are not needed in most

of  the cases. Nasal drops are indicated if  we

suspect otitis media.

In case of otitis externa acidifying solutions

like acetic acid 2% or astringents l ike

aluminium can be used. They make the ear’s

environment less favourable for bacterial

growth. In case of  repeated swimmer’s ear,

use of ear plugs and drying of ear after

swimming can help.

Foreign bodies in the ear canal are found

frequently in children. Items which can cause

severe damage to ear like batteries, sharp

foreign bodies like hair pins or cotton buds

need urgent removal. Insects should be killed

first by putting either mineral oil or lignocaine

in the ear canal before removal. It should be

done under sedation if  the child is restless.

Cerumen impaction is also common in

children. It is a common cause of discomfort

but rarely causes acute pain. Eardrop is

recommended to soften it so that it falls out

naturally. If  it does not come out normally, it

should be done in clinic.

Secondary otalgia should be handled

accordingly.

Role of parents

Children can have recurrent ear pain in

childhood, especially up to 5 years of age.

Most of the episodes are self limiting and

can be managed by parents only. They should

be guided properly. Ear infections cannot be

spread to others. Children can return to school

as soon as the fever is gone.

While parents are encouraged to manage the

uncomplicated earache at home, they should

also know when they should see a physician.

The indications are:

• A very high temperature

• Swelling around the ear

• Earache in both ears

• Pain not responding to medicine

• Tluid coming from the ear
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• Something stuck in the ear

• An earache for more than 3 days

• A change in hearing

• A severe sore throat

• Vomiting/ not taking food properly

As with any symptom, a “rule out worst-case
scenario” strategy should be followed to avoid

serious consequences. Certain diagnoses must

be ruled out as early as possible in children

with earache.

The red flag signs

• High Fever over 1040 F

• Severe earache and not improved with

pain killer

• Pink or red swelling behind the ear

• Stiff neck

• Any balance problem

• Any history of pointed foreign body put
into the ear canal

• Drowsy

• Immunosuppressive

• Sick looking child

Prevention

• Pneumococcal conjugate vaccine (PCV)

and the flu vaccine, might reduce chances

of  middle ear infections.

• Allergy, sinusitis, throat infection and

gastoesophageal reflux should be

controlled.

• Ears should not be cleaned with cotton

swabs or sharp object.

• Parents should not try to remove earwax

with earbuds.

• That should be careful while bathing the

baby and do not let water get inside the

ear

• Child should not be exposed to smoke
or cold infection.

• Children should be taught to wash their
hands, especially after playing with other
kids.

• Babies to be fed in upright position.

• Bottle feeding and pacifier use should be
discouraged.

Conclusion

Most of  the earaches are self  limiting.
Antibiotics are not needed in most of  the cases.

Only supportive therapy can manage a child
with otalgia. Still the watchful waiting (WW)
rate is very low. In a study done by Büyükcam
A et al6 showed that WW was 39.8% in the
pediatricians as opposed to immediate
antibiotic treatment. The rate is even less in the
pediatric residents than the specialists.
Prevention of unnecessary use of antibiotics
as well as proper management of earache in
children can be done only by the educational
intervention strategies and acceptable evidence-

based guidelines.

Points to remember

• Acute ear pain in children is distressing,
but not a sign of serious disease in most
of the cases

• It is self liming and can be managed at
home. At the same time parents should
be taught about ominous signs.

• We should be more cautious about
antibiotic usage

• We should not miss the “Worst Case

Scenario” and referred otalgia.
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Fractional Exhaled Nitric Oxide (FeNO) Measurement :
In Management of  Childhood Asthma

Indrani Roy
Consultant Pediatrician, Department of Allergy, Institute of Child Health, Kolkata

Introduction

Asthma is a chronic inflammatory condition
of the airways characterized by episodic
bronchoconstriction.

Childhood asthma can be can be classified
based on different natural causes as follow:

(i) Recurrent wheezing – Usually caused by
common respiratory viral infections. It
occurs during infancy and early childhood
and resolves during pre-school/ early
school years.(non-allergic causes)

ii) Chronic Asthma – This is associated with
allergy and persists beyond childhood
(Allergic)1.

The aims of management of asthma is to
control symptoms, prevent exacerbations,
maintain good quality of life with minimum
side effect. Inhaled Corticosteroids(ICS)
remain the corner stone of Asthma
management with minimum side effects2.

Fractional Exhaled Nitric Oxide(FeNO)is a
biomarker of eosinophilic inflammation of
the airways ie. Allergic asthma which is
responsive to inhaled corticosteroids3.

Patho Physiology of NO in human
system

Nitric Oxide(NO) is produced by the human
lung besides other human organs, and is
normally present in the exhaled breath. NO
is known to  play an important role in
pathophysiology of   inflammatory diseases
of the lung, such as Asthma4.

NO is produced from the amino acid L-
Arginine by the enzyme “inducible nitric oxide
synthase(NOSII)” in the epitheral cells of the
airways5. NOSII upregulation occurs with
airway inflammation. NO acts as a free radical
and an oxidant directly or in the form of
peroxynitrite.

The role of NO in the airways is far from
simple :

(a) It acts as a proinflammatory mediator
triggering the development of  airway
hyperresponsiveness.

(b) It  also acts as a vasodilator, a neuro
transmitter and also as a mediator for
smooth muscle relaxation leading to
bronchodilatation6.

Studies have shown that patients with allergic
asthma have high levels of NO in exhaled
breath and also high levels of NOSII enzyme
expression in their airway epithelium7. This led
to the exhaled NO to be considered as an
indirect marker for airway inflammation.

According to some studies patients with
allergic asthma were found to have high levels
of NO in the exhaled breath8. The level  of
NO in exhaled breath decreased with inhaled
corticosteroids9.

Reasons for conducting FeNO Test10 :

(i) For identifying Allergic Asthma phenotype
caused by eosinophilic inflammation.

(ii) To asses response to treatment with anti
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inflammatory agents namely Inhaled
Corticosteroids (ICS)

(iii) In monitoring chronic persistent asthma
by establishing a base line Feno level
during symptom-free periods with or
without medication.

(iv) In guiding in stepping-up or stepping
down ICS dosage.

(v) To asses patient compliance in using ICS.

(a) Identifying allergic asthma :

High FeNO values in patients with cough,
breathing distress and wheezing provides
a supportive rather than a conclusive
evidence of diagnosis of Asthma. Studies
show that predictive significance of
FeNO is higher than conventional
measurements l ike spirometry and
peakflow measurement11. Its value may
be considered at par with bronchial
provocation test, but is less complex, less
time consuming and a safer option than
the later.12.

(b) Assessing ICS  responsiveness :

A very important reason to use FeNO
measurement is to predict the likelihood
of corticosteroid namely ICS
responsiveness of the patient. All asthma
patient are not likely to respond ICS.
According to studies, FeNO has been
shown to be more consistent in predicting
likelihood of steroid responsiveness than
conventional tests like Spirometry with
Bronchodilator Reversibility or Peak Flow
variation13. Thus FeNO evaluation helps
the clinician to avoid unnecessary ICS trial
and loose valuable time in initiating proper
asthma management

Interpretation and Reporting of FeNO4

Various studies indicate that multiple factors

(eg. age, sex, height, smoking etc.) and overlap
between normal population and asthmatics
make it difficult for routine application of
reference value for FeNO. The ATS guideline
of  2011 suggests using clinical cut off  points
for interpretation as these are well validated.
The clinical cut off points are as follows:

1. Low FeNO: <20ppb in children[<25ppb
in adults] (ppb= parts per billions)

Significance :  Eosinophilic inflammation
unlikely and responsiveness to ICS less
likely14.

2. High FeNO >35ppb in children [>50 ppb
in adults]

Significance :  Eosinophilic inflammation;
In symptomatic patients , responsiveness
to ICS likely.

3. Intermediate FeNO : 20-35 ppb in
children[ 25-50ppb in adults]. Should be
interpreted with caution taking into
consideration the clinical condition of the
patient.

Keeping in mind the above cut off points, a
general out line for interpretation of  FeNO
in children presenting with cough, breathing
distress and wheezing can be as follows:

A. Diagnosis

1. Symptoms(cough, breathing distress and
wheezing) present for 6weeks and more:-

(i) FeNO < 20ppb :- Eosinophilic airway
inflammation less likely.

Alternative diagnosis to be considered

Responsiveness to ICS unlikely.

ii) FeNO 20-35 ppb :- Should be viewed
with caution.

Review of  clinical context is called for.

iii)FeNO> 35 ppb : Presence of
eosinophilic inflammation Responsiveness
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to ICS likely.

B. In patients with diagnosed Asthma  -

1. Symptomatic individuals .

i) FeNO<20ppb :    Eosinophilic
inflammation unlikely.

Reconsider diagnosis

Responsiveness to ICS unlikely.

ii) FeNO 20-35ppb : Allergen exposure
persisting .

ICS dose not adequate .

Poor compliance with ICS or steroid
resistance.

iii)FeNO > 35 ppb :  Allergen exposure
continuing .

Inadequate ICS dose.

Poor compliance .

Risk of exacerbation.

Steroid resistance.

2. Asymptomatic Individual :-

i) FeNO<20ppb :-   ICS dose is adequate

ICS dose step down justified

Good compliance with ICS

ii) FeNO 20-30ppb:-ICS dose is adequate.
Maintain the dose

Good compliance with ICS

But patient to be monitored for any
change in FeNO

iii)FeNO >35ppb :-   Poor compliance
with ICS

Inhaler technique  incorrect.

Risk of relapse with dose step-
down/withdrawal  of  ICS likely.

Emerging areas where FeNO may be
useful

i) COPD

ii) Pulmonary hypertension

iii) Nasal FeNO measurement in Cystic

Fibroses.

As there are not many studies to provide

strategic guidelines for application of  FeNO

test in these conditions, it is not indicated in

these clinical setting yet.

Confounding factors :

Smoking and respiratory viral infections are

known to effect FeNO and may give false

high and low results.

Conclusion

Fractional exhaled nitric oxide (FeNO) is a

biomarker of eosinophilic inflammation of

the air ways(allergic asthma) which is

responsive to inhaled corticosteroids.

Nitric oxide is produced by human lung and

is normally present in the exhaled breath and

is known to play an important role in

pathophysiology of  air way inflammation of

allergic etiology.

Patients with Allergic Asthma have high levels

of NO in their exhaled breath which decreases

with treatment with ICS.

FeNO measurement is mainly used for  :

Identifying Allergic Asthma and its

responsiveness to ICS.

In monitoring chronic persistent Asthma by

establishing a base line FeNO during

asymptomatic periods.

In guiding stepping up or stepping down of

ICS dose and assessing patient compliance

with ICS.

Interpretation of  FeNO is done on the basis

of  clinical cut-off  points.
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On the basis of these cut-off points
FeNO in children is :

Low FeNO < 20ppb

High FeNO >35ppb

Intermediate FeNO – 20ppb to 35 ppb.

Confounding factors like respiratory viral
INFECTIONS  and smoking (in case of
adults) are known to affect FeNO and may
give false high or low values.
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