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The Clinical and Metabolic Derangements after Using 0.9%

Normal Saline as Maintenance lntrauenous Fluid in Ghildren

Amal Jainy James, Kalyani Pillai, Jetly John

Departments of Paediatrics, Amala lnstitde ol Medical Sciences, Thrissur, Kerala, lndia

Background: Isotonic fluids tike 0.9% normal saline (NS) are recommended for maintenance intravenous fluid (mIVF) therapy

in children. However, concerns exist regarding hyperchloremia and its associated complications, particularly in younger children.

Objective: The objective of the study was to evaluate the clinical and metabolic effects of 0.9o% NS as mIVF in noncritically ill pediatric

patients. Materials and Methods: This longitudinal study included 80 children aged I month to 13 years admined to a tertiary care center,

who received 0.9% NS as mfVF for at least 50Yo of a 24-h period. Baseline and 48-h clinical and biochemical parameters were recorded

and compared. Results: After 48 h, there was a significant decrease in heart rate, respiratory rate, blood urea, and serum creatinine, and a

significant increase in blood pressure, serum sodium, potassium, and chloride (P < 0.05). Hyperchloremia was observed in 7.5% of children, all

aged <5 years. Conclusion: 0.9% NS may lead to significant clinical and metabolic changes, particularly hyperchloremia in younger children.

v K"ywords: Children, intravenous fluid therapy, isotonic solution, metabolic changes

Contexte: Les solutions isotoniques comme le s6rum physiologique i 0,9 % (NS) sont recommandEes pour Ia thdrapie liquidienne intraveineuse

d'entretien (6IVF) chez les enfants. Cependant, des pr6occupations subsistent concemant I'hyperchlor6mie et ses complications associ6es, en

particglier chez les jeunes enfans. Objecdf: L'objectif de cette 6hrde 6tait d'dvaluer les effets cliniques et metaboliques du s6rum physiologique i
0,9 % utilis6 comme perfirsion intraveineuse d'entretien (mIVF) chez des patients pediatriques non critiques. Mat6riels et M6thodes: CetG etude

longitudinale a inclus 80 enfants ig6s de I mois ii l3 ans admis dans un cenhe de soins tertiates, ayant requ du serum physiologique i 0,9 % comme

mIVF pendant au moins 50 % d'une periode de 24 heures. Les paramdtres cliniques et biochimiques de base et i 48 heures ont 6t6 enregistr6s et

comparcs. R6sultats: Apres 48 heures, on a observ6 une diminution significative de la fr6quence cardiaque, de la frequence respiratoire. de I'ur6e

sanguine et de la creatinine s6rique, ainsi qu'une augmentation signfficative de la plession artffelle, du sodiunr, du potassium et du chlore s6riques

(P < 0,05). Une hyperchlor€mie a €t6 observee chez7,5 7o des enfants, tous 6g6s de moins de 5 ans. Conclusion: Le serum physiologique ri 0,9

Zo peut entrainer des modifrcations cliniques et m€taboliques sigrificatives, notamment une hyperchloremie chez les jeunes enfarts'

N[ots-cl6s: Enfants, th€rapie par perfusion intraveineuse, solution isotonique, modifications m€taboliques

- lHtRooucrot{
Hypotonic solutions were widely accepted as the maintenance

intravenous fluid (mIVF) of choice during the last 50 years, until
more recent evidence demonstrated a clear association between

the use of hypotonic fluids and iatrogenic hyponatremia-related

morbidity and mortality.tt{i Consequently, isotonic solutions

are now recommended by a number of practice guidelines
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as a safer and more appropriate empiric mM of choice in
children.l5-rrl

Although hospital acquired h)?onatremia may be reduced by
isotonic fluids,lr'J5! there is a growing concem about iatrogenic

hyperchloremia. There is emerging evidence in both adult
and pediatric populations that hyperchloremia is increasingly
common following use of isotonic solutions as mIVF and may
be associated with adverse outcomes. Hyperchloremia has been

reponedly associated with acute kidney injury, coagulopathy.

gastrointestinal dysfunction, and even increased mo(ality in
criticatly ill adults and children.trcro] There is a scarcity of
literature that has looked into this issue, especially in young

chil&en. Literanre regarding the addition of maintenance

potassium chloride to the intav€nous infusion of0.97o normal
saline (NS) is also scarce. In this study, our objective was to

determine the clinical and metabolic derangements after using
0.9% NS as an isotonic mIVF in pediatric patients.

Mrrrnnrs AilD MErHoDs

This lonsitudinal study was undertaken at a semi-urbanv 
t.ni"ry 

"i." 
hospital for a period of l8 months. The study was

approved by the institutional ethics committee, and informed

consent Aom parents was taken before enmllment. Consecutive

noncritically ill chitdren between age Sroups 1 month to
l3 years admitted to the pediatric ward whose treatment

necessitated the use of 0.97o NS as m fVF and who had at

least 50% of their calculated maintenance fluid for 24 h as

IVF, were include in the study. The total amount oftotal daily
fluid (oral + intravenous) a&ninistered was based on Holliday
Segar formula, based on body weight.

Exclusion critcria were children with acute diarrheal disease

with dehydration, nephrotic syndrome, on various drugs

such as furosemide, hydrochlorothiazide, vasopressin or
desmopressin, congestive cardiac failure, diabetes mellitus'
acute or chronic liver failure, abnormal baseline serum sodium

or metabolic acidosis (as per standard lab values), and those

children whose treatment necessitated a shift to P€diatric

Intensiy€ Care Unit (PICI). The study used to calculate sample
V size was Malviya et a/.lzrlAssuming a power of 80% and 5%

significance level, the sample size was calculated as 80. To

allow for a potential recruitment failure rate, 560 children were

assessed for eligibility for euollment in the study. A pro forma

containing socio-demographic variables, relevant history and

examination findings was filled. Baseline clinical variables like
blood pressure (BP), heart rate (HR), and respiratory rate (RR)

were noted, and blood was collected for metabolic variables

such as serum sodium, potassium, chloride, blood urea, serum

creatinine, and venous blood gas (VBG). Serum electrolytes
were analyzed with direct potentiometry and VBG by btood
gas analyzer. Children received 0.9% NS with potassium

chloride (KCL) at the standard infusion rate for weight (20

meq ofpotassium/L). Repeat blood samples were taken 48 h

afler the iotravenous infusion. Baseline BP. HR. RR, serum

and lactale levels a-nd changes in these variables 48 h after
starting m fVF were documented. Standard normal lab values

and those for hyponatremia, hlpematremia. hypokalemia,
hyperkalemia, hypochloremia, hlperchloremia, acidosis, and

alkalosis were defined. The range for each parameter was

calculated as between * 2 standard deviation (SD) from the
mean baseline value. The value which fell beyond this range

at 48 h after mIVF was considered abnormal.

The anonymity of the patient was mainlained, privacy was

ensured, and confidentiality ofdata was assured. An informed
written consent, in a language that is familiar to them, was
procured from the parnts of the participants of the study.

The study was commenced following approval from the
Institutional Ethics Cornmittee.

Slatislical analysis
Categorical and quantilative variables were expressed as

frequency (percentage) and mean + SD, respectively. the

normality of distributed data was tested using histogram and

parametric test done. The paired ,-test was used to compare
paired samples for the continuous variables. Statistical analysos

were performed using a statistical software package SPSS

Statistics Venion 23 (lBM Corp., Armonk, NY USA). For all

statistical inlerpretations. P < 0.05 was considered the threshold

for statistical signifi cauce.

Rrsuus
A total of 560 patients were assessed for eligibility in the

study. of whom 408 wcre not eligible as they did not receive

IVF (flow chart study plan). A total of 152 children fitting
the inclusion critsria were enrolled in the study. Out of these,

72 were excluded based on exclusion criteria. A total of 80

children were finalty included in the study [Figure l]. The
baseline clinical characteristics with the mean and SD for
the clinical and metabolic variables are presented in Table l.
The etiological diagnosis of the study subjects included in

the study is presented in Table 2. The proportion of patients

with abnormal values was seen more in the <5-year age group

compared to older children (5 l3 years ofage)- The abnormal

vatues with the highest proportion were for serum potassium,
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Table 1: Baseline clinical characterislics

laroes, et al.: Normal saline and metabolic changes in pediatrics

n=80, n (%)

s4 (67.s)

26 (32.s)

40 (50)

40 (s0)

I18.2+25.9

41.6+14.51

93.8017.192

55.0517.073

137.3*2.69

4. r69a'0.590

1O3.2*2.707

19.65+7.718

0.351+0.1l8

7.374+O.M7

21.29+3.745

38.t&7.747
1.664a{.630

n l%l

Drscussror
The study included children between I month to 13 years with
an equal number of males and females. 47 .5% (38 out of 80)
participants were between I month and 5 years old, with more
females than males in this age group. Pneumonia was the most
common diagnosis (46.25%), followed by viral fever ( I 3. 75%)
and upper respiratory tract infection (11.25%) [Table 4].

This study found a statistically significant change in HR and RR
after 48 h of 0.9% IVF therapy. The HR decreased significantly
from 118.2 +25.95 before IVF to 105.5 + 16.82 after IVF.
Similarly, the RR decreased significantly from 41.63 + 14.51

before IVF to 33.94 + 8.47 after IVF. However, neither the HR
nor the RR showed a change >2 SD from baseline.

In this study 8.75% ofpatients, there is elevation in SBP>2 SD,
and 3.75o/o patients, there is an increase in DBP >2 SD.
Increase in the SBP is more pronounced in females than in
males and is nearly the same in both age groups under 5 years
and over 5 years. Increase in the DBP is higher in females
and >5 years old compared to <5 years. Both increases in SBP
and DBP are statistically signfficant. SBP significantly increases

after IVF adminishation (96.78 + 7.59) compared to before [VF
administration (93.80 * 7.79). DBP also significantly increases

after IVF administration (57.70 + 6.14) compared to before
(55.05 + 7.07). Earlier research has revealed variable effects
on BP, with some studies not reporting an increase in BP like
Malviya et al.tltt When compared to isotonic fluids, Choong
et al. fowdthat l.54Yo of children receiving hypotonic fluids
developed new-onset hypertension.tr2J

In this stndy, 6.20/o of patients exhibited a >2 SD increase in
semm sodium levels after 48 h of mIVF, mostly in males under
5 years old. Sodium levels increased after IVF administration
(139.0 + 2.15) compared to before (137.3 + 2.68), which
was statistically significant. There were no occurrences of
notable hypo- or hypematremia in this study. In the study by
Malviya et al.,the increase in serum sodium from baseline to
48 h (P: 0.017) was significant like in our study.t2tl Choong
et al.Izt and Kannan et al.t8t studies have revealed a negligible
risk of hypematremia and a decreased risk of hyponatremia
after 0.9o/o NS as isotonic mIVF. Studies of Sen e, a/.t2rl noted
significant changes in serum sodium after isotonic saline
administration, particularly in critically ill patients. In the
majority of research, isotonic and hypotonic fluids have been

compared.t8-rrl Saba et al. ratdomized 16 children to receive
0.9% NS and 2l children to receive 0.45% NS as maintenance
IVFs, monitoring the alteration in serum sodium as the main
outcome. Serum sodium was assessed at baseline and 12 h
later. Results indicated an increase in serum sodium in 0.9%
NS group compared to the 0.45% NS group. The difference
between the two groups was not found to be statistically
significant.t2al In a related study, Bagri et al.tzst discovered that
children receiving 0.9% NS had higher serum sodium levels
at 24 h compared to those receiving 0.45%NS (P < 0.01).

there was no significant difference in serum

Age

I month-5 ycars

5 years-I3 yean

Sex

Male

Feurale

Clinical and metabolic parameters (meanlSD)

HR/min

RRlmin

Systolic BP (mmHg)

Diastolic BP (rnmHg)

Sodirm (mEq/L)

Potassium (mEq/L)

Chloride (mEq/L)

Urca (mg/dl)
Crcatiuine (mg/dl)

PH

Bicarbonate (mEq/L)

PCOr(mmHc)

kctate (mmoL/L)

SFStandard deviation, BP:Blood pressure, HR=Heart rate,

RR=Respiratory rate

Table 2: Etiological diagnosis 0t the study subiects

Diagnosis

Pneumonia/LRTI

Viral fever

Upper respiratory infection

HFMD/oral ulcers

Acute wheeze

Acute bronchiolitis

Dengue fcver

Migrainc

UTI

37 (46.2s)

l l (13.75)

e (l l.2s)
8 (10.00)

5 (6.25)

s (6.25)

2 (2.s0)

l (r.25)

l (1.2s)

I (1.25)Mcningitis
LRTI=Lower respiratory tract inlbction, HFMD=Hand, foot and mouth
disease, UTl:Urinary tract infection

followed by diastolic BP (DBP), serum chloride, and serum
sodium as presented in Table 3. The clinical and metabolic
parameters after 48 h of mIVF showed a statistically signfficant
diflerence from the baseline value so far as HR, RR, systolic
BP(SBP), DBP, serum sodium, potassium, chloride, creatinine,
and blood urea were concerned as detailed in Table 4. After
48 h of 0.9% NS as mIVF in noncritically ill pediatric patients;
there was a statistically significant (P < 0.05) decrease in HR,
RR, blood urea, and serum creatinine values from baseline.
There was also a statistically significant (P < 0.05) increase
in SBP and DBP, serum sodium, serum potassium, and serum
chloride values from the baseline. Serum chloride in6 (7.5%)
study subjects was in the hyperchloremia range [Table 5]. None
of the other values fell into the hyponatremia, hypematremia,
hypokalemia, hyperkalemia, hypochloremia, acidosis, and
alkalosis range.
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Table 3: Glinical and melabolic parameters yalucs in abnormal lange (>2 SD) after 48 h

Glinical and melabolic
parameters

ileant2
S0 (range)

Abnormal
values, n (%)

Age 5-1 3 years,

n (%l
0irection
ol change

Age 1 montF5 years,

,, (%)

HR/min

RRlmin

Systolic BP (mmHg)

Diastolic BP (mmHg)

Sodium (mEq/L)

Potassium (mEU/L)

Chloride (mEq/L)

Urea (mgr'dl)

Creatinine (mg/dl)

PH

Bicarbonate (mEqll-)

PCO, (mmHC)

lactate (mmoYl)

66.3-170.1

12.58-70.6

78.2-109.4

40.949.2
131.9-142.'l

3.58-4.76

97.78-t08.6t
4.21-35.08

0.115{.587
7.28-7.468

13.8-28.78

23.2 l-53. l I

o.404-2.924

7 (8.7s)

3 (3.75)

5 (6.2\

te (23.7)

6 (7.5)

I (1.2s)

l (1.2s)

4 (s7.14)

l (33.3)

4 (80)

l6 (84.0)

6 (100)

l (100)

3 (42.86)

2 (66.6\

I (20)

3 (15.8)

l (100)

1 (33.3)

2 (66.6)

r (2s)

Increase

Incrcasc

Iocrease

Increase

Increase

Decrease

Decrease

Decrease

Decrease

Increase

3 (3.75)

3 (3.7s)

4 (5)

2 (66.6)

l (33.3)

3 (7s)

SFStandard deviation, BPBlood pressure, HR:Heart rate, RR:Respiratory rate

Table 4: P value ol clinical and metabolic palamelers

values baseline and alter 48 h

Baseline,
meantsD

of hyperkalemia. A possible reason for this increase could be

the addition of KCL to the maintenance fVF at our hospital.

No other study has analyzed the changes in potassium. We

postulated that the increase could be secondary to extracellular

shifting of potassium as a result of hyperchloremia.

In the present study, 7.5% of patients had a >2 SD increase

in chloride after 48 h of IVF administration (104.1 + 3.53)

compared to before {103.2 + 2.70), which is statistically
significantand comparableto the study by Malviyaera/.t2rlAll of
these patients in our study were children under 5 years old, with
most being males, and 4 (5%) had serum chloride >110 meq/L

and 6 had serum chloride >108 meq/L. Previous reports have

documented significant hyperchloremia following 0.9% NS in
adults,trT-20'231 but there are limited data about pediatric cases.

Lima et a/.t271 conducted a comparison between 0.9% NS

and balanced crystalloid in 49 pediatric patients undergoing

neurosurgery. There was a marked increase in serum chloride

levels compared to the initial measurement in the 0.9% saline

group (P < 0.01 ). Furthermore, the occurrence of hyperchloranic

metabolic acidosis was more prevalent in the saline-treated

group following surgery (P : 0.02). Bulfon et al.{28t conducted

a retrospective study with 543 PICU patients who received

minimum 50o/o of total maintenance fluid intravenously, as

0.9% NS, during the frrst24 h. It forurd that the occurrence of
hyperchloremi a w as 9 4.9/o, ultd the incidence of hyperchloremic

metabolic acidosis was 38.9% at72h of admission. Evidence

suggests that using 0.9% NS for resuscitation increases the

likelihood of hyperchloremia and hyperchloremic metabolic

acidosis, which supports the use of balanced solutions in the

adult population.[r7,re'20'2e] Earlier research has shown notable

mortality and morbidity associated with hyperchloremia, mainly

because of its impact on kidneys.trT')02327'3ol Hyperchloremia

might impair the reabsorption of chloride in PCI enhancing

chloride ffansport to the distal nephron. This leads to a negative

feedback mechanism causing vasoconstriction of afferent renal

reduces renal perfusion and can result in kidney

Clinical and metabolic
palamGlers

After 48 h,

meantsD
P

HR/min

RFJmin

Systolic BP (mmHg)

Dia.*olic BP (mmHg)

Sodium (mEq/L)

Potassium (rnEqll)

Chloride (mEq/L)

Urea (mg/dl)
Creatinine (mg/dl-)

PH

Bicarbonate (mEq/L)

PCo) (mmHc)

Lacrate (mmoYl)

118.2+25.95

41.6+14.51

93.80+7.792

55.05+7.073

137.3+2.689

4.169+0.590

103-2+2.707

19.65a7.718

0.351+0. I l8
7.374fi.M7
21.29*3.745

38.t6r7.474

1.664+0.630

105.5+16.82

33.94+8.4'15

96j8+7.594
5'7.7+6.147

139+2.152

4.31+0.537

104.1+3.532

16.43+6.838

0.3010.1 l0
7.283*0.825

22.12+4.122

3853+7.64'7

1.661r0.881

0.000

0.000

0.000

0.000

0.000

0.046

0.017

0.000

0.00t

0.333

0.116

0.732

0.981

SFstandard deviation, BP:Blood pressure, [IR:Heart rate,

RR=Respiratory rate

Table 5: lncidence ol hyperchloremia at 48 h
t-

Serum chloride (mEq/L) 108-109 >110 Total (n=5), n (%)

n=80 4 6 (7.s)

of symptomatic hypo-or hypernatremia. Likewise, Kumar
et al.t26't documented notable alterations in serum sodium levels

at 12 and 24 h compared to baseline in the group receiving

isotonic solution (12 h: P:0.005;24h: P< 0.001). Howeveq

there were no occulrences of notable hypo- or hypernatremia,

like in our study.

In this study, 17 .5o/o of children had a >2 SD increase in serum

potassium levels after 48 h of IVF infusion. Potassium levels

increased after IVF administration (4.31 + 0.53) compared to

before (4.169 + 0.590), which is statistically significant. Most
of these children were under 5 years old, with a majority under

I year and a predominance of males but there were no cases
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Blood urea levels decreased after IVF administration
(16.43 t 6.83) compared to before IVF (19.65 *7.71). Similarly,
serum creatinine levels decreased after IVF administration
(0.30 + 0. 1 I ) comparcd to before tVF (0.35 * 0. I I ). The change

in bottr urea and creatinine levels was statistically sigrificant.

The change in VBG pH after IVF administration was not
statistically significant. The pH after IVF administration
(7.28 + 0.82) was almost the same as before fVF adminishation
(7.37 * 0.04). The bicarbonate level was nearly unchanged

after IVF administration (22.12 + 4.122) compared to before
(21.29 +3.745). Similarly, carbon dioxide levels also showed

minimal change after IVF administration (38.53 * 7.647)
compared to before (38.16 + 7 .47).ln other words, there was

no statistically significant difference in HCO, and CO, in VBG
afterIVF administration. There was no statistically significant
change in lactate levels after IVF administration (1.66 + 0.88)
compared to before (1.66 + 0.63).

One of the limitations of the study was the study desigq a

randomized contolled trial would have had more significance.

Furthermore, there is the risk of unaccounted confounding
v associated with the observational design of the study. While we

powered our study adequately, we acknowledge the potantial for
imprecisiongiven the relatively small number ofpatients. We did
not address the quantitative relevance of fluids administered as

drugdiluents and to guarantec catheterpatency, the socalledfluid
creep. There was an unexpectedly low volume of crystalloids, as

mIVF is usually deescalated to oral as soon as child improves.

However, we ensured that a minimum of 50% of mIVF was

given to all study subjects. Finally, our findings are limited to
one center and hence may not be generalizable. The strengths

of the study were that lhere were well-defined inclusion and

exclusion criteria which were strictly adhered [Figure 1]. There

was a uniform fluid strategy based on weight, and none of the

childran received fluid bolus as part of fluid resuscitation. We

did a sequantial evaluation of the variables, which may provide

more relevant information than an isolated measurement.

Based on results, hlperchloremia could be a major electrolyte

abnormality following 0.9% NS as mIVF in noncritically ill
e,, patients. In addition, 0.9o/NS as mIVF does lead to statistically

significant alterations in clinical parameters and certain metabolic

parameters like serum sodium, chloride, potassium, ruea" and

creatinine. Hyperchloremia was seen in younger children. While
providing a high level ofevidence, this study does not give a
definitive answer. The most appropriate mIVF type in children is

still debatable. Although the most recommended and widely used

isotonic mIVF fluid has been 0.9% NS, increased incidence of
adverse effects like hlperchloremic metabolic acidosis cannot be

ignored more so in certffs wi& a large nurnberofpatiants requiring
mIVF with resource limited settings ofpatient monitoring.

Goncr-ustott

Use of 0.97o normal saline can lead to notable clinical
and metabolic disturbances, with younger children being
particularly prone to developing hyperchloremia.
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Abstract
Intadudion:
Inusnxception is one of the most commonly seen emergencies in pediatric surgical speciality and also in the
routine cknical practise a{ a poedtatician -The clerlsical Wnptoms qf inrussuce.pt;on $N?3US},{ ) in a childis
the preteace af iatermillmt aMominal pain, romiting and a lnrlicular type of rzd "c-unant jelty" caloured
stools.The incidence of nl/IIdSN has a varied cot t'se and usaally starls in a very young ag€ grotp and may
contimte to early childhood. Amala Institute of Medicat Sciences is a medical college located in the central
part of Kerala Stcte and caters to a large populction from surrounding districts.The medical college has a
tertiary level care Paediatric departne* and the Paediatric sutg€ry departnent is Scient in *eating aay
paediatric surgical emergencies. The paediatric departmenl receives many children with varianr swgica)
emergencies ail NT{.l- li is common.The prampt diagnosis of NTtiSN can prevew the variaus morbidiry* and
mortality associated with it
Aiut:
To study the clinical preseatatioa of childra at rte $ae of admission, clinical course in the hospiul a:nd
tre{t nenl modalities ia ehil,lre* odtnittad wilh INI|dSN.Aha to study the gender diferencc,age o!
admission,seasonal variation,association with weaning habits ond also speciJic reference to abnormalities in
laboratory parqmeters in children admittedwith |.3druSN.

The presenl medtcel college based deseiptive studlt was eondscted including a total of, 6j chitdren who
utendcd the outpotient , iapatient ord casual4*mwrgency ileparfrnents iaAmala hsfitxe oJ'Medical scjence&
Thrissur, Kerala,Idio for a period of one year from Jme 2018 to 2019. The total duration of the study was for
orcyear study Wriod.
Perr.t s.' The preseat srudy revealed a male preponderance of children with NTl.lSN in 38 boys $A3yo)- Age
grouvt wise 3(4-76 Yo) were below the age group of 6 months2l $8.A9% )were between I ro 2 year.s. The
uaiortty of children (560/0) dth INTUSN were frou thc rural population. The m4jority of a&nksions were in
the months oJ April b rtiy Fi96)"6Y/o of children presented wdthin 21 hours from the or.set of symptoms to the
hospltal. 96.82% preseated with abdominal paiaofollowed by incessdnt oying and irritabilit-v (gl.d|o/"),
tomiting ad blood in.*ools ia 9A.47% ad 77.78% rcspecttvely-Childt'ea with *utss Wr aMomen (59Yo) with
23% having obdamiaal distension. There was a past hbtory of NTUSN in 5 (79.35o/o) chiWen in rhe age group
lex than 4 yars.Majorily had ilea colic type o{ INTUSN 58{92.06yo}. Hydrostatic reduction wrrlt done far
90.47% children.
Cax)*d/r*s; A swrt cliai*#litdgewt,yog ab&riir,al eruaiaatbe ord e si*ple pr ractel exemimtian if
possible ron diagrtose INTUSN inmost af the situatioru. Ultrasonogaphy can pick up the INTUSN in the hands
of aa qpeienced radiologist.and lrydrostalic reduction is the eommonest modality i* the treatment. Majarity a{
the childru w*e discharged on tlrefottrth dqy 3E(60.31n/o) There wor no nnrtality in the present sttdy.
Keyworls: Intwsusception, Mass per abdomen Blaod in stoals, btestinal obstnrctiau Ey&'ostatic reduction
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L Introduction
The term Sntrssusception"(INTUSN) is defincd when one portion of the intestine

with another part of &e iurcstine adjacent to &is parf .Saall bowel INTUSN are commotrer
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large bowel'. There are dxa Sowing a pcal rge of 4 to 9 ronths age for INTUSN ta develop ard is scen when
complementary feeding is ieitiated in these babies'. INTUSN has a prqronderance in male sex(3:1) 'i

Mosfly chiidren are sruceptibie to deveiop an IIiITUSN* and in most cases the etioiogy is r.nimownL. But
many causcs arc knowu in &e adult ppulntior and in older chil&en. The reasons could k a lymphoid
hyperplasia in the intcstines espocialty in younger chil&en and babies.Intestinal polyps, bowel adh€sions afur
surg€ry or infectiotts of the gastso intestinal tract, tumors of the intestine, Meckcl's diverticulum and
endosreuiosis'in tbe aduh aad adolescents. Other malipaot tumorc csuld be ganglioneuroma md hanrartomas
chamcteristically seen in Peutz-Jeghers s,yndrome,an autosorral dominant syndrome. INTUSN is also seco in
sssoslstics wit& spse$tsi€ or$rp.lieati* rysts, e srbser of pstists rsith w.asc.uJitis srch as HeascbschgEhi!
Purpua and disorders of the coagulation cascade ca develop sub mucoeal hcmatomas aod cm result in
INTUSN 5.ln all these condrtions thcre is a lead point in the intestiae !o cause an IN'IUSN,

The viral and bacterial infectious are known to be assoiciated with INTUSN.Many shrdics have shed
fuht into eese frndings tfter a a&moviral iufection in children. t{uman herpesvirtrs 6 is atso lororyn to eau$e
INTUSN. Salmonella spcics, Escherichia coli organisms, Shigella species or Campylobacter jejuni are some of
the bacterial infections causing the gastro intestinal manifestations and associated with
INTusN6j''.Administration of Rota viral vaccine has ben obseryed ts cause INTUSN,.

The intestine in an INTUSN has two importan[ parts ,namely dre proximal part known as
intussusceptum( that part of tre intestine that protapses) and the second distal part the intussuscipieus ( the part
that is in the distel pt receiving the imestine).Atl this haprpens because of dre vigorous peristaltic actior of the
intestine and in ahout t (F/o of the cases of INTUSN thsre is a analomic part known as the tead point a-s a result
sf which this occurs.It is intcresting to find that the stool is describcd as red currdrt jelly ( Figurel) as thcre is
ischoria in the inteuiire md there is rt rrrage and uedema of the inrcstinal mucosa causirg sloaghirg r:f blod
and mucous into thc intestine'u.

F[ t: Characteristic Red (cumant jelly" stool h a case of Intu$suc€ption in a 1 yelr old child
in the present study.

Literahrre revicw and teachings from textbosk of Surgery mentions that the order of INTUSN is
Ileocolic - Most cotnmo{r tl.Ned77o/.o, Ileo-ileo-colic . Ileoilcal -{T/o and 4o/o rcspcctively) Colocolic (2%)-
The cases of multiple( 17n) and retrograde(0.2%) INruSN are rare ,but seen".

The notable aiad of INTUSN a undergraduate or any postgraduate in Surgery should note is t}re
symptomatic triad of red currant jelly stools,pain abdomm and increased vomiting episodes. The vmniting can
be bilious or clar initially. And the charactsistic feature of blood in stools is sern only 33% of the patients.The
Wy' tq;rmcs :rcry- irriffic fuitg thc trogcssian d€rc affiiag d*e irtesrine .afid

causes the baby to flex the lower lirnbs !o abdomelr aud associatd inccssaat crying uot
feeding or medicines.There has been reports of gangrene of the pan of intestine following
aud baby can have fcver,sepsis and encephalopathy like Etanrs followirg dyselectrolytemia(

The diasoosis of INTUSN is made possible by experience and pnrper clinical
and palpation of the abdomen.Always any child pre.sentfuE with blood in stools earries a

the child iTl
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dris emergency surgical conditimr.INTUSN can be confirmed by following methcds:l) On examination of
abdomen 

-there 
is a-mass palpabie in morc than 85% cases of INTUSN ard thcre is a ffical ;ausrgc*ryd

mass in ee right hypochoadriunn .The recommendation is to polpate the mass wher the baby is quiet in be$r*etlt

the spasms oF the-intestineThis results in thc emptiness of tbe right lower part of thc aMomen and standard

tex$oks of surgsry refer it as a "Sigp of dance "of the intestine ie the emptinsss in the right lower quadrant

during plpafion. ei e per rectai examination crcfirlly can help the surgeon to feel the intussusceparm and

while removing the finger one Gm also appreciate the red curraot jelly stool tickling out of the rectu&'&''.3)

Imaging st{5di€6 re &e-r d of t}s halr ,erpecrall3r the ultrasonogrephy (USG} of &e abdomEn. Abdomirn}

Xrays *O ai1 er1grna Basigm or contuast euErna .assessment of the intestine,Computer Tomography

examination of the intestines are the various modalities used".

Many radi,ology texbooks msntions different sips in USG of the INTUSN;I) the tager srgrr which

gives ap,pearance of a-mund soft tissue mass that contains a radiolucetrt ring of messnteric fat within the

INTUSN,usuclly et fkohcad of the INTUSN $lprt ,)

Fig 2: Acutc Ileomlic intussuception ln e l0 mouth old baby - Right side-Bowel within
horryel loop-Target sign in intussuscryfion on ultra sound arrd secotrd on left side-

Psendokidney sign ir the longitudinal axis.

2) hrll's eye sign rcsults as a result of coiling of the proximal part of the intestine within the distal part

3) pseudo kidney sign which is the skrilarity of the msfs to a kidney in ttre lougitudinal axis 4) Thc doughnut

sign is aJpreciaied by USG as concentric bands arranged as altemating cchogenic and hylreechogenic areas,

mucosa and muscularis layer of tire inrestines consrilute dre echugeinio arca and stbcructaa of intestine E0sks

the h5poechoic bends 5f Anc*rer sign of INTUEN is the crescent in a dotrghnut sign which refers m the

transvirse USG appearance of a crescent only on one side of the bowel and is formed by mescntery which is

pulled into the firlUSN . Barigrn enema or with contast can rsveal fallowing signs l)meniscus sign is

desipated for a crescent of air inside ihe lumen of the colon and is outlining the apex of INTUSN 2) coilcd

spriig sign is formed wher the Barium passes through the mucosal folds produces a coiled*pring likc

*pp*.* 3i cl*.a' sign (piaogf dc{*c: or sbouldering deJect) is due to a convex filling defect caused by the

apcx ofthe intussusccptu* . Barium enerna is thc gold standard for diagnosis and also has therapeutic potedial

for reducing the [NTUSNT'7'r3.

The rea&nent of INTUSN is by hydrostatic reduction under USG-Air esema is used and this reduces

the nsed for immediate surgcry. Hydrostatic reduction af INTUSN has a succss rate of over 83%.Usually the

paediatric $rgeon waiB for iZ tours and rcpeat thc USG to look for ay rcsrnnce.There is a chace for

recugence of-INTUSN in about l0 % of children[ 1a]. During srg€ry the trapped part of the intestine is

squeezed out and if complications such as intestinal. perforation or gatrgrerc !g g*oryd d18, -i$gltion
surgcry/laparoscopy surgery was done along with administrarion of appropriate antibiotic tre&ment''- 

.-

II. llfuterielc And lllethods
Study dstgr: Hospital based Dacriptive shrdy

//
Type of study: Oixervationai stu<iy
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A Study Af Intuss*sception In Children Admined In A Uedi.cal College Has?ital In Central Kerala

Study durstiaa: I .vcarJrm 2018 to Junc 201 9

SBdy rrcellocrdoa: Dqarmenf of Paediatrics in collaboration wi& Deprtrreut of Paediatric surgery, Amala
Imtifife sf *fudfuil Seiems€s,Itri$$r,Kerala.

$tudy populrtlcn: 63 children v&o attended the oupatient , inpatient of the Deparunent of Paediatrics and
casualty-cmagcncy, Araala Institute of Medical Sciences ,Tbrissur,Kerala. were included in the study.

Srmfling proccdurc: Converdent sarnpling was used to select the participnts for the sfudy among the study
population who suitab$ flrlfill the selection crikria. Wrifien inforrned con$ent was sttained frsn all the
participants.

Iacludoa critcrie: All childrcn agcd below 12 years and diagnosed having INTUSN by clinical examination
s*d .&s coqa6rm*ion $y €dielog!;d diagaesis ef INTUSN altsdieg ee o4atieat., iryafiett ad cr*dry-
emergency deparfirents of our medicfi,l college huspial were included in the sardy.

Erclucion criteria Children who wcre above 12 years of age and having diagnosis other than intussusception
wse excluded from this surdy.

Study tools:
A stmdsd profomra waa used to collect data for the study.Partnts af these children wcre explained

about the study on INTUSN and the written cons€rt was taken before ircluding in the study.

Detr collection: The cas€s wcre analysed wi& special reference to INTUSN. A standard proforma was
prcpared to collect the information. A stardard profomra included flge, s€x of ths childrcr, typs of symptoms
on admission, clinical corrse md treattrcnt given. Atso a proper hlstory of geirder.weaning hahits,
imrnunisation sdreduie , time of admission of tfi,ese children widr IN?USN, souio- economie s8tus of the
family (according to thc modified Kuppuswamy scale), duration of stay aad the treatn€nt outcome '\ilere
analysed, Rslpvant investigations including complete Hemogram,serum electrolytcs with ESR"USG Abdomen
r*'hich wsre done in all &ese cases witb INTUSN were analysed. So a total of 63 children were studied for
INTUSN.

Strfixdfrl Aarlysir
The collected data was analysed using institutional Statistical Package for Social Scicnces(SPSS) 2023

software. Clinical variables were studied and their frequency distribution and percent4ge anatysis was done
,then represented as pie chart and bar diagram.

III. Results
All case ware seen bry the Paediatric surgeon and also discussd in detail about the t-vpe of INTUSN

and any cornptications-
The presert surdy revealcd a male prcponderance of children with INTUSN in 38 boys {50.3%) and 25

werc fernale childrsfl (39.687e).

Age group wisc ,3{4.76 % )were hlow the 4ge group of 6 months.23(36.50 % )were betweeir 6
months to I ycar cld childre&24(38.09nls Owse Mween I to 2 ycars,4{6.34@ -bcrrroen 2 to 3 ycarsJ{3.L7@
werebetween3to4years. lntheagegoup4to5years,5to6years,6toTyears,TtoByeam,Sto9yeam,9to
t0 ycrs,l0'to 1{ }mrs,i I tu 12 yas orc ctd}drac{r iGf{ f .58 %)'of*tctotal rrauyo rylation ifabk.l}.

f)
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A Study Of In Children Admitted In A Medical College Hospital In Central Kerala

Table No l: DisHbudon of study population according to age end sex

Thc majority of children{56"/s) admitted with INTUSN were from the rural population from in and

around Thrisnn district.More thaoi' 6tr/o belonged to the class 3 according to the Modified Kup,pusnarry
scale.The ma$odty of admissions were in the montls of April to July {54ol,).Reganling the data on time of
admissions from the onset of slmpoms the children, preseirted within 24 hor:rs to the hospital (68Y"),bctween

tlre firat and second day in in 24% and the rcaaining 5 o/o were brought to hospital in rhe thfud md fourth days

and3 qA after that period{ S'igure.3).

Time of admission after onset of symptoms of INTUSN
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fever vomating Abdaminal Loosectoolr Pain inthe
ioints

In Cena'al Kerala

%
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Rash

Medical

Frg 3: Pie dirgrrm shoring crtegery of children b.ssd etr tims of rdnircio* rfter os$et
of symptoms of INTUSN

M&tsrity efthe babics lrad €x€lusi+e breast *bedieg (!}Vo),but c*mpl*mc*aLy t'ecding *.as tbund ts be
started earty in thc rc.st of &e study pqulation(477o).Bottlc Ming was startcd unrh suppkdntary feeding in
28% of tlrese childrcn.Interestingiy the population from the urban-population (86Yo) were found to inrroduce
bottle feeding and early compleraantary feeding in these babies.

Anatysis of tfte presenting complaints in these babies were seeo as following :majoriry ofthe children
;rrecntcd wi& atdominal pain(!)6.82Yo),followed by incessant crying and irrirabitiry-
(93.65%i,vomiting aud biood in strrcis in 90.4762i, and 17 .18Yi resgrectively,fever was priscnr rn
2A-$% and lorose stools in 11.11yo. Pain in joints (1.57o/o) and rasi n q.liil, chitdrenA child had
paia in joins and rash ova the exte,mities wie pain abdomen and was diryoaed to have Hemoch
Schonlein purpura (HSP).A maculopapular rash was present in 2 children who had a viral fever.3
childrefr had acute diarhhoeal diseasm and USG was dmc follawing fove and vomiting rwealod
transient INTUSN A subset of childrrn had the evidsrt mass p". obdo.* (59y.) wilf,z3% having
altdomin*t diseensi,on. ?.9 94 ehildren Frcsestsd rlritg aB ac!!&e r&at ief,etisn *4th serld cc$gh agld
rurming nose- About 74 Ys wqe dehydrated f'ollowing vomiting and I I Yo fbllowing loose stools
(Flgure 4). There was a past history of INTUSN in 5 (79.35o/otchil&cn in the age fioup less tban 4
yetrs.

presenting symptorn$ in study population with INTUSN
120

100

80

60

40

20

ln€esrant
crying

%

h

il
Blood in
stoolsparn

Flg.4 Presenting symptoms in present study as percentage

A mutine Hernogram ,ESR( Erythrocyte sedimerttation rate) , CRp ( C Reactive protein)
was done for all chitdrecThe m4jcnitv hsd aorrua! to n'jld Ieucocyteukwi&
About 5 childrsn had hyponatremia. In thc present study a USG vas done for all
ileo colic type of INTUSN 58{92.06%). The five children ha(ileo jleal
(7.93%).Chest. xreys and barium ecema was not done in any of the children.A repeat
children after 12 to 24 hours(ffgure 5).
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In Children Admitted In A

Tabk 2: Table depieting type of lNTUsN and treatment modality

In Cenu'al Kerala
A

Frg 5: A short iutus*uception ileo derl (in the cen&e) in a I year old child

Alt the children were admiued in the peedialric suIgery ward Atl child,rcn were monitored for signsof

dehydration,shoct<,peritonitis and long ,"gm"nt INTUSN crossing from the right hypochondrium to left side by

USG. tf the chitd was dchydraei *fut *yr"t""trotytcmia appropriat" fluid corection was given' The

hydrostatic reduction was doie for all children without 
"'t-v 

nf ih"-abo'" mentioned complications by the

fr"aiarric srxgeon under usG.Fortunatety in the present ry1y only 3 children required open reduction

following surgeqy.2 children had spontancous redrctiin of INTUSN arfter tueatrng fur ditrrlioca.One 12 year okJ

child was beser after receiviag treaturent for vasculitis condition -I{SP-The c&er remaining children

hydrostatic reduction was done{fr}-47%) (Tabls '2}'

e.
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A Study In Children Admitted In A Medtcal Callege Eospital In Cent'al Kerala

The child was sedated and a foleys rubber tubs 16 F was irserted 6r rectum rmder USG.The pre
warmcd Saline solution was p'Ished into the colon tbrough the rubber krbing by connecting the IV set .The
hydrostatic pressure creared reduced &e INTUSN.

The children admiHcd with INTUSN was treated according ro standard guidelines and sent home by
fte funth day after admissica.Thera was no mortality in tho pres€nt study.Mijority of tho children were
discharged on ttc fourth day 38{60.317o) .22 (34-92W children were discharged 

"n 
aay 3 after admissioo. The

2 childrcn witb diarrhoea and oae child with HSP after their illness was treated.

fV.IHscussion
Intussusception is a condition which requires adequate clinical suspicion and apSnopriate examinalion

of &e presenting child is vital in its managernent. Literature review tras Jlea light on 
-the 

various aspects of
INTUSN especially the mals dominancerr..Male prcponderance of children wim nfruSN was scen in other
studies as wtltjn sut study it wu 6o.3% and frmele 39.680/o. Weihmiller st el iq lhsir sdy fountl 67yo werc
1{es'1 Baj{ et a! and Khaa er a! atsa rn.th+ir historic studies tbund the r:rele predominar.+e 1619/, end
54%)rcspcctivelyl6't?.K,mar et al found a male prcdomiaance 630/o ntheir studyr'.

Age group wise ,there are studies showing that neonatal INTUSN are rareri,'. In our study 4 .76 Yo wsre
below the age group of 6 months.36.50% (5 months to one year0,38.1%(1 to 2 year).Othersrudies are showing
this trend in the prevalence of INTUSNJustice FA et al found INTUSN to be insrased in children belou,
2yearsft2],krishnakumar ct al INTUSN morc secn less tbn 3 ycars',.

56% childrea admitted with INTUSN were from the nnal population &om in and around Tbrissur
district.More than 60a/o belongcd to the class 3 according to the Modified Kuppuswamy scale. Majority of thc
babies had exclusive breast feeding {53Yo), but corfiphmenary fesdhg was founa to be siarted ea-ly
{47o/).There is a hypothesis that early introduction of complimentary feeds and the lack of adequare breasr
Hiog can jeqardise &e matsnal immunity required for the babix and can result in tNTUSN,.fne practise
of exclusive breast fceding@BF) and the effective implementatiou of thc various strat€gics promoring gbr has
shown a protective effwt in smaller babies .The swelling of the Payers patches and the rcsuttanilymphoid
hlpctplasia by ir'rrurftleion oieariy nutritisn etrrr icsuli in INTir'SN]r;s;c. ?he distribution oicases of IliT[iSN
was done in various parts of the globe'r,but no scasoral predileaion was noted except in a study [25], The
majotity of admissions were in the monss of April to July (54%) ill our study.

A meta analysis done by a group of researchers Yee X et aI It aaalysed the various symptoms of these
babiee on admission and it was same as in our saldy. The presenring complaints io our studywire abdominal
pain{96.827o)inccssant crying and irritability (93.657.). Voruting was seen msrc in a stu{y :: and abdominal
painpredomiaant 78.08% in another studv'..

_ There ile many conditions causing INTUSN in adults aad in children as mentioned in the subheading
"Lntroduction'. So a thorough knowlodge of the varims differcntial diagnosis is iaporunt in the diagnosis oi
any cbild wi& blood in stools ad its approproiate treaunenllittrature review shows that the pediakic m"n-fSN
accounts for only l0 % cases with a defmite cause ard is rsually idiopa*hic".Sone authors fornrd a seasolal
variation of the INTUSN that co existad with acute viral gastro enteritis resulting in hypertrophy of Payers
patchess. A syndrome callcd lVaugh syndromc was noted in literahre search cascs wift malromriou as a resulr
of prolapse of rire iieo coiic region into thc ascending colon. Thrs condltion is very importatrr as there is non
rcduction me*rods of managemcnt of INTUSN e.

USG is the main mdality to rliagnose INTUSN.If we note the history of TNTUSN it was in 1674 fust
martioned by Barbetk of Amsierdarn.But the advent of USG in 19'1.7 revolutioeised its diagnosis.There are
many signs seen in USG of &e INTUSN as mentioned in thc subheading *Introduction'. USG has a tigh
sensitivity of 98!o/o to 100o/o in diagnosing the comrnonest type nmefy the ileo colic INTUSN-The diagnosis of
.stna!! h+rve! INTLISN.hy LISG is challe:rging ese fo:'a experienceC radi+logist.Aie* frorn,.t5e rne;rtir*,aed sigm
a rrultl-layercd "onion skin" round mass on a transverse scan is described. In children any modality of
trcaBnsnt of INTUSN depads on the type of INTUSN. Ileocolic INTUSN requires hy&ostatir reduction by
USG. Fluoroscopic reduction is not utilised now as USG has advantage ovsr it as there is no radiation..A small
bowel INTUSN will have spentaneons reduction.But if persistent atrd long sElment INTUSN udll requirc
surgical intewention. In contrast o ileocolic INTUSN, in small bowel INTUSNs there is a ' and is
invariably associated wi& parhologicat iead poina .Seican Et al presented a case of
in a 4 year old chikl without a lcad poiat in a 4-year-old child., . Literature review
children lead points are there and as age advancq it is seen to increase and ultimately

Y. Cnndusion:
Aa intcrvention inctuding early detection, thorough ctinical observation

INTUSN and its pocsible complications as per reccrt gpidclires wmld surety
flntrtidiry amuq tLcse babix md ctdidrru admired wi6 fi.lTtisli. one sirouid tnow

q
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acting fas wifr hyarosatk redreiaE .H if *hild Breseats *'i& loag eosmer prolopse *rS iechcmia and
nccrosis 

'-e_lmortalify increases rcquiring defiaitely srgical intmrcntion 5o a mororryn knowledge of all the
a,sccts of INTUSN is pertinent in its mqmgement.

TIE erthffis wqrtd like a *r-",f*ffity memb€rB of our dqanment , faculty
msmhc oflhe dep6rment ofPdiaric Surgery ,slatisrician , prgraduute studmh .nr,usiryistatrof pICU and
pcdiatric wards,patie,nts and farnilies who wholc heartedly sueeort d our study.Our sinicre respect to thc
Io$tut-ional Rescar- ch md lastitUi<rn*! Ethies eourmittee
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Kunjumary Scariah, Keerthi Krishna' Boney Rajan and Puzhikunnathu Mnod Kumari".

Amata Institure of Medieal Sciences' Thrissur India

ABSTBACjT
Beckground: The topic of artibiotic prescription and antimicrobial resistance is an inrcgat part of the India, medical

undcrgraduate cunicutum; however, the newtl p;;;;;JJ intems Riait aifficit oprescribe the appropriate

antibiorics when thcy pa"ricc. Thc impact rr *"rfri?u.io-r*ri*i"r"uia r*iston"" an,l antibii:tic use irr rrrerlioal

Introduction

Accordins * S_ I#-**5"Tffiff?ShffigontrrbllillEroatlGils. /uviuws@!FrJ \ u

frG:M;;y;| i ", zs22; Naghavi er 4i'. ?0:41+ra
resourccs analysis rwealed thar AMR could tead m an

;;;;;of *illionsbY 2o5othruugh *Fo ryf
u* t ottl*ta, productivity and trade' and

I'nai:.t*pu.ates f r e etrectiven ess of m anagi n g day-tc*'

i"' i"-r.*L* wi& diseascs such as pnarmmia' IJII'*.r *-I*l-- ' - --.. .-_ .*r cd,F ,)nrl. AbbSE
and sepsis (lrrou€ zuty;-LITiIm irru m -v-r' / rr

;";';(ldr, Ferdinand et al', 2a?3; Tasrma er si''

2024). Accordiug to firs CenEe for Dissase DYnamtcs'

Econornic.s & PolicY estirnate for 201 5, AIvIR will cause

2 million deathsPer
kifiing cwr sO,CIOO

et al.,2Ol9; I{aba

yearbY 2O50 to India besides sepsis
:n*t'btlnr,s in tlis s:rc Ywr $itit
a aL,2A22; Akned a a1.,2024)-

lndia is ranked highlY in the gtobal Iist ofresistancc o
andmicrobial agents that are used in lmth hurnan and

food anirnals {taneja and Sharma 2019; Bhatia 2024:

RanaeIcL,2024). India isranked highly ilr thegl€bal list

of resistance to antimicrobial bo*t

human and foodanimals and

a
rn

*CorrcrPoadlttg Author:

63 1

.Af,id€E trtridd h Nd. I Pt{'sltr Fkm- Pbruamt rng ligrcdrodcr a &atirc f'drrrss

Kerala

colleges still antibiotic use and

Airs: This

inlerns mward antibiotic usc and resistance. The assessmcnt included knowledge (max

score: 26), five auiurde guestions (mat score:

who

Juneto October 2024. r, - - .U---*.^I
it I&-45 uwr t !u

interns showed
q4.7Yo (n
good ahut clinical scenarios'

rcgarding antibiotic usc.
55.3*/, (n 2019) and aciude

Bo& ldches sieilar knowledge (69.8% arld.71.4a/o

the 2018 batch
With regrard ro the level

Concluriar: The shows that the medical intems have a good theoretical knou'ledge and understanding of

antimicrobial resistance. srudy also revcals &e of bedside and l-Year

andtriotic use and intcrns.

attitudc,
medical interns.

Knowledge.
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stratcgic plan tb,r fightins AMR called Kerala Anritrioric
Reistancc StraftEgic Acriq Plan {Nanbia 2020; Barik
et a1.,2A23),, Kerala will be rhe frst state ro have AMR
committoes in sll l9t block panchayaE to b*ild up
AMR litcraey in grassraots. The standardiz_ation and
the guidetiaoe of the wor[ing of the block-levol AMR.
sornmitees are publisbed by the Kerala governrnelt atd
all &e hryltals udlt hccs 'es{ibi-s{ic sm*t,{Madreiv
et *l-,2024;Raju e* aL, 2024).
In Iudian medical schools. even thougfi there are rnultiple
tea*triug qessions on antibictic preseriptionardresistance
as part of the phase il competeocy$ased medical
education currictlum, lhe attiirde and pr*ctice tsw"ard
antibiotic use and resistance $€em po{}r and rcquire
sig#.f.cart imprv,'aaenq -**dch aa tbtribed ir &e
cross*ectional snrdy cm&rctcd by cqpta et al. Qslg)
that includd t03 metlical colleges dilstributed amrxs 22
states of India" in wtich the majoity of the data came
frorn &e cm&al andnorthem states of India {Guptaeta/.,
2019) with vry limited infsm*iorn fron trc sodhem
statcs such as Kerala Herrce, om sndy *sm Kcrala,
lntiia wouiri tre of great reiwance. Thc objectives of this
study are to evaluate rhe knowledge, attillde, and level
of preparedness abors amibiotic use and antimicrobial
resisknce among medical intcrns doing thcir lryear
computsory rotafory Lilcmship afrer cmpletirg their
un&rgzduate edrcation wticl is a prerequisite to
become a registered medical praaitionrer in India.

Metlodr
A cros.s-sectional sfirdy was conducted among medical
i$terns to evaluare t<nowledge, aaitude, and lwel of
prepredness abqtt antibidic use and antimicrsbial
resistance asing an online guestionnaire g;iverr as a
Google Form, which was developed by Luburama er
ol. (2021) The Google Form was set up io a way that
ont5,' one reqponse was allowed from a particular ernail
[o €asure that multiple attempts wsre lrot madc by t]re
patticipane- This instnrmffit has 20 questions about
knowlcdge r*.ift a total score of 25; five guestions oa
attinrdc wi& a total sctxe of 5 and eight questions about
ler.el of preperedne.s.s. whic=h has a rsta! -seere of 8. The
passing criterion was sct at 6tr/e for each paraneter,
i,e., knowledge, attitude. and level of preparedness.
Wth scorcs bclow 60%, thc candidatc was dccrncd to
haw poor score and score equal to and above 607ir was
corsidered as good score within each parameter. At the
timsofrecruiturot for &is study, we hadtwo batches of
i*te',rs {-rSlS batch-md 3Gl9 ba.*h} tBG in caE}, batc*
doing the internship in our medic+l school- The 2018
balch was ahout to complete their l-year compulsory
iuterrship within a month, aud contrary to this, the 201 9
batch just joincd &e intemship in lcss than a mffith.
Thereforg *re 2018 batch has had cxtensive bedside
Ezfuring in various slinicsl departraents ofabout 10-l I
mmfts urd fte 2fiI9 barch was rew to tiris intemsirip
with vcry limitcd training. This shrdy was donc &om
lt;une 2O24 to Octsbsr 2024. We followed a universal

sarupling, as we rp,antcd fe irlcd$de al! t&e igerss q&
were willing to participate in tftis shrdy as wc hd only
a total of 200 interns from both barches. This snrdy
was conduct€d ia a tertiary care &eachirg hospifal and
was approved by the Iustitutional Ethics Committec
with the approval rumber: 20/EC/24/AIMS-24 dared
07.45.2024.
Swi*icd*dXvis
Thc amlysis was donc using IBM SPSS version 23
(Armonk, NY: IBM Corp). Mean +SD (standard
dsriatisn) was calfirlated firr age and ftequenry taken
for agc, gender, and year of enrolment. Knowledge,
attifude, aad preparedrcsa scor€s wcre analyz.sd as
descriptive statistics and the comparison between the
2CIi8 arrd 2019 tntctes was anatyzed using Fisher's
exact test for knowledge and atihrde. while the chi-
square test w,rs considered for comparing preparedness
io find the association betwesn batch ior internship
training) and prryaredness. A p-value < 0.05 was
co'nsidered sipifi cant.

ftrsrdb
A total of 85 imerrs (a = 43) frorn ttre 2018 bateh and
{n = a\ fiom the 2019 barch participated in this shrdy
out of a tdel of 200 intcms who wcrc doing inrcrash:ip at
the time of this study. The rotal age gror4 of participants
ranged betweeir 23 md 26 years, of which 75.3o/o {n: 64) wae fernales and 24.7% (n : 2t) wcre malcs.
The results abow knowledge of antibiotics. rcsistancc,
cliaical scenarios, and cverall ftnowledge scor€ at€
depicted in Figure 1. It t'as observed rhat 98.8% (a :
E4) r'rterm disptarcd good general knowtedge about
antibiotics, but with regard to specific rqpics, onfy
44.7o/o (!: 38) interns showd good kn{nillcdge abotrt
anulbiotic rcsistance and mly 47-1Yo (.a = 40) inernq
shorycd good knowMgc about clinical scenarios It is a
cause of cwcemlo see that 55.3o/o(n:4fi md,52.9/o{n
= 45) intefl!$ displayed pol kno*,ledge about antibiotic
resistance and in clinical scenarios, respcctively. The
overall knowlcdge score showed &at 70.6ye (n : 6t))
of intems have good knowledge a*d29.49$ (n = 25) of
iu{escrs hsve poor .lslswhdge regaCiag *itli*ic usc.
The resulu on attihrde and percqtion on anubiotic ue
are depicted in FigurE 2- Wi& rcgard to overall aui[rde,
94.1o/u (n = 80) of intcms displaycd a good atitudc,
while 5.984 (n : 5) uf imems displayed poor atiurde.
However, with regard to spesifc attitude about orrer-fte-
counter use of antibiotics without prescriprion ryld rse
u{ ffisr.er antibir*ics, 43.F?6, (n: 37) ard 37.6?i ia =
32) of intuns, rcspectivety, fuwed poon ariarde. rffiBr
regaxd to the level of prepre&ress, as sho*n in Table l,
ottly 55.39i (n - {7) of intenu disptayed a good level
of pneparedaess. c,tile 44.7i/o (n - 3E) displayed a poor
levct of p,reparednes to rxc and precribearxibiotics, Our
resulB as $own in Table 2 indicate that bs$ rhe barchcs
(2018 and 2019) rfusplayed similar scqes nift repril to
knowledge (69 .8Ya and7 I .44/s. rcspectiruly) and a*inrdc
(9{J,.7% aad 97 .€/", respectively), rs sborl/n in Tabte 3.
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Fig 1. Ifuowledge about antibiorics, resisrance, rotal score in clinical seenarios. 8nd lotal score amoog
*-Ji--l;^.*

Fi5 2. Atiurde and pcrceftion ofantibiotic usc amoog rnedical interns'

Howwer, witlr regard to rhe iwel of preparedness, as

showr in Table 4, &e 2018 batch showed a statisrically
siguifieant good levcl of pepare&ess in r,uing ard
gsctihus astittiotfu-q to thc ]019 krtch
(7 4.4% and 35.?7o, trvahre = 0.0{X)l ).

Iliscuslon
The results &om our strdy show that evsn though

the overall knowledge and gsneral knowledge about
mtibistics is gCIod amorrg ictems, when it csnes to
lcnowledge about &*;,bisdia resisilertce md various
clinical scenarios, the kn+*lcdgc is poor amoog the

majority.Bo&batchcs(2Ot I arxd2O I 9)disPlayedsimilar
knowledge and afiitude about anhlbiotics, resistance'

and use in ciinical scenarios overall. I{owevsr. it is a

cause ofconcem to see that there are intsrns who still
practice ovsr-lhe-countcr use af antibiotics wi*rqrt a

gre.scriltion and kee,p leftovsr antibiotics ftrr futurc
use. This shows that more Mining is required about
artibiotic resistanee and attitrde towad antrtiotic
prescription among interos. rilith regard to &e lcvel

of preparcdness, the 2018 batch showed a

significant gmd level of m
the

lrr

inoompulsory rotatory
departurents, buq wi*r
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in the 1a6t a farcr? wh*n you feel without a futlre its€?
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T*ble l. Lrvcl of prepa,-c&e*s 6otd. artibiirtic use anrongrndieal iffiems.

IYot prtpared

N
Know srhether to give afi antibiotic or mt?

Ifuourtr,b.rlro$aEtmdd btd* fl
Knorry how e+ sek* rhe kst ssribiad€?

Know ths docagr nf urtrbiode to give? 4E 56.5 Z7 43.5

24 28-2

Know whe.n to switch from an infravenous antibiotic to oral regimrn? 43

Knonr rhe correct and relevant specimen to collect for an infection ? 66

Distinguish betwecn rurrzui flora and a tnre pathogcn fronr a microbiclogl repart?

Udersand resislance mechaaisms based on a microbiologgy report?

Total

50.6 49.4

22A

42,4

35.3

44.7

4?

i9
36

t0
38

Teblc 2. Comparison bdween 20lE and 2Ol9 batc-h mcdical interns sbout knm{edge on entibiotics,
resishncc, and clinical scenarios.

Yeer of e*rzolm+nt
Iftowl@c Totrl pvdnc(chi+square)

20r8 wlg
Good

Poor

42 {97.tt/,)
t (2.3%l

42(1W$
0(0v,)

84
About antibiotics

Resistauce

1l Fishcr's cxact tcsr

Tablc 3. Compa'ieon betr*,een 20lE aad 2019 b6tch medical
intems aboul atitu& toward anttioric use.

Attitud*
Yeer of eorolmc*t

20lE 2019
Totd

{i'od 39 (q. 4! (v7,6%'

Ptxn 1(9-3W I (2.496)

Totel 43 42

$sb{r:s +*e€t F+sb +}.f 6I

to use antibiotics among the 2018 batch can be
attributed to &e hands-on training they received during
their internship, which was tacking in 2019 as thcy just
joined intemship. Orn assumption why the 2018 batch
showod improved prepaedness cornpared to the 2019
batch is that our medical strdcnts in India during their
trainiilg frcrm first year to final ycar, the bcdside clinical
teaching mainly focuses on history taking and physical

l8 (42.9o/t\ 3lt
0.735

24 i57.1"/it 47

0.241'

20 {4"t.6V,}
0.9t9

Tcble 4. Coruparison bedween 2018 aad 2019 batch medical
interns about level ofpreparedness on aaribiotic use.

I'e*r of errolment
frcWtdecrs

2StE 20tq
T{xrt

Chi+,quare te*. p ;a'or -- $.iXtr) I

examination of the patient. There is *ot much focus
on the day-today medical managernent of &e patients
and the utrdefgraduah sftdeots are also not part of*re
daily clinical rounds and follgw-up of the patients.
Such practical asd inportant,6linical t aininC hapens
at &e time of the I -year compulsory nrtatory intcrr:*rip
during which the medical intems ars yilsrcd in various
clinical deparunelrts and are given thc

y1.
RIS

,AU.il

,l,1.6

<1 t

64.7

55.-i

Prepared

Nutprcp*rrrl

Total

80

5

85

32(71.4%) t5 i3-{ :%) 4'r

I I (25.6orir) r7 i$1}%\ 38

43 42 85

E-a.f*L-ir
*-.:t,'j-' ./.

,a

4
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ef *:edical r::a,-iagc{nert ef ouiaatients amd. in-particnrs
usder t$e supervision of a fanrty, who traim Ocm 

"nhow to treat and tbllow-up the patieats until discharge
frorn the hospital, and it is during rhie time that the
rncdical inrems actually go ttrough the case sheets
and understand more about the various commonly
used drugs in clinical practice and lrow it benefits the
Fatients- thcy atso ger trained pradicaily about the
rational md judicious use of antibiotics during this
intcmship. This highlights the importancc of beOsiae
taining received dming futernshb and how muct the
students can leam by being actively involved in dirsct
patient care under proper snrpervision
{n a 2{21 stridy by Lubwam a et at. {2A2\ n F.a stAfrica,
rfoe age group ibund was 25.5 years_ our study wtere
the mean ag€ arnong {re medical intsns of the study
was 24.24 (SD * 0.8,+0) years. Ow shrdy had 75.3vo (n
= 64\ and 24.7% {n -- 2l) farrrales and males . In the East
Africa snrdy, the total knovledge good score ranged

!"t*ryr 559o and 6? 7o, *'hich was less thar our study
that displayed a total knowledge good score of 7ffln.
Our intems displayed much more overall knowledge
about antibiotics. In the Easr AAica sftdy t202l),
the mean good scores for general knowledge about
antibiotics, knowldge about antibiotic resistance, and
kntrwledge about efttibiotic use in elinical scenarios
were 95%. 54Ys,and 46oy'o, re$pecrively, which was like
our study (98-804, 47.??.14 aad 4? .1o./*, respecfirrell,). Iu
tlre same surdy widr regard to general asitude toward
over-the-countcr use of antibiotics, 6lYo of medical
students sbowed poor artitude, white in our study, ir
was only 43.57o, which was ehowing pou attitude. Our
study sh€nilcd that thc proportioc of irrterns showing
poor aainde was lessrr compared to other studies.
hut still 43tle is a gcc€ :!sre&or ar"-d it is a canst of
oonc rn, becsuse these itrtsn$ are fuhrc primary care
physicians af ow country. In the East Africa study
(2021), witlr regard to &e level of prepar.edness,i\.lg'o
of final-year s&rdsrts perceived themselves to be
prepared to use autibiotics appropriarely urhile working
at the disEict h*frrut, while ir our study, only 55.3%

thmsel.^n trr be prepareri ii-ubwama et
a1.,2021\.In anork study conductcd in UAE (2019)
by Jairoun er aI (2019)the avemge knowledge and
a$inrde good $core was 59olo arrd,76r/o (Jairoun er a/.,
2019), while in our shrdy, tle avragc knowledge and
attiardc good score was 70.6Yc (r : 60) and 94.lYo {n
-- 80), respcctively. Our study showed that our interns
have ixtter'Laowlcdge antl attitude toward antibiotic
use. In ano,thar Chinesc study (20t8) conduaed by Hu
et al. (2018)- 64o/s of medical shrdents kcpt leftover
antibiotics for frsue use. On &e othcr hand, otu result
displayed onty 37.6% (*:32, of medical interns kept
leftover antlbiotics for firarre rxc, qrfiichwas farbcfficr
than thc Chirtxc study {}Iu er c/., 20 I 8). In a Col umbian
study (2018) conducted by Higuita{uticnez et aI.
(2020) the overell knowledge ard atritde score was
more than 8(F/o compared to our surdy, urhich reported

$.ffl; ia = {i0} an<i N.1% {n = E0}, respectively. It
also shorvcd tltat mtibiotic emsumpim- in rhe last
year rras 49.1o/o, while our s0rdy showed that 76.5yD
{n = 65) consurnad antibiotics up to I fimes iu a year.
It was also obscr:red rhat 80.3% of the antibiotics-sold
were lithout proscriprimr, while our sturly displayed
43.5o/o (n = 37) (Higuita-Gutidrez er al., ZAZA\. Even
though our study dernonstrated better prac,tice on using
artibia*ics and using it with a preseripion, still 43.jyu
using antibiotics without prescription is a conce,m as
these practices cm have a nrajor impact in the ftture
and even small mistakes with regard to antibiotics
caonot bc acccptcd. Io a study coo&tcred in 2019, in
lndia b1r Gupa et at. 12819! rhe level of kaowledge
abqt antibiotics was quite high (91.8%) like anr study
frat displayed 98.8% {a: 84). With regard to attitudq
almost 66%kqtt leftover antibiotics tor future use and
Brormd hatf bougfit anribiotics without p,rescription,
while orr strdy showed only 37 .$6/o {n = 32) asd 43.5a/n

{n= 37) (Gupta e/ cL, 2019}.
1,-his strdy bcs sele lirsitetiorrs-a6 *e consi.ffi oniii
interns frwn a single center, so we wcre forccd to do a
universal sarqpling without a sample size caiculatioa
as rve had a small size of intems in our centsr. In the
fuhrre, we recommend more similar shrdies, which are
conductcd as multientre studies involving medical
colleges across states and nation.

Condusion
fhis strdy shows that more emphasis ehoutd bc grvcn
to training interos with regard o attitude and practice
towud mtibiotic use ard mtinricrobial rcsistarsE.
Anoilhcr aspcct that ttris study shsw$ is that be&ide
teaching and clinical training improvc the peparcducss
tryrard arfrbiotic rN€ arnong me.dica'i interns and
prcpsre them for future as &ey becomc primary carc
physcians,
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INTRC}DLTCTION

In India" lung cancer ranks among the prominent cancer
sites, comprisng 5.9% of total cancer cases and 8.17s of
all cancer related deathr. Kerala exhibits a conceming
surge in lung cancers in both males and fenrales with lung
cancer ranking in the top 5 cancers in both sexes (male-
20.8% and female-4%).j

Recent strides in NSCLC treatment and molecular
diagnosis underscore the necessity to differentiate betureen
major histologie subtypes-ACA and SCC. Disparities in

their response to chemotherapy highlight the importance
of accurate subtyping. Nota,bly, certain drugs, such as

bevacizumab, pose risks for SCC patients due to fatal
hemorrtage observed in these patients.2 Gefitinib and
erlotinib demonsfato greatfr effectiveness in teating
ACA compared to SCC itr NSCLC.3 Couversely,
Pemetrexed an antifolate agent, exhibits enhancsd
cfficacy in non-SCC cases.a These distinctions in drug
responss underscore tte
tailored aestment strategies.

t,t

The clinical application of
heavily reliant on accurale

ABSTRACT

Brckground: Lung cancer is a leading cause of cancer-related deaths worldwide, including Indi4 where it accounts for
5.9Yo of cancer cases ard E.l% of cancer-relat€d mortality. Differentiating between major histologic subtypes of non-
small cell lnng carcinoma (NSClC)-adenocarcinoma (ACA) and squamous ceII carcinoma (SCC) is crucial due to
significant differences in treatnent response. Our siudy addresses the IHC profile qf NSCLC in a tettiary care centre in
South India \ile have also deliberated whether a 2 panel IHC markers would be zufficient for the final diaposis in a
resource poor sefting as compared to the traditional 4 IHC panel.
Me&odr: A hospital-based cmss-sectional study (2018-2022\ anabsed 319 histologically confirmed poorly
differentiated I'ISCLC cases. IHC markcm (TTP-I, lJapsh A, p63 aad p+0) wer-e useii iur" subiyping pur ft'HO
classification. Staining patterns were semi-quantitatively scored against controls" Sensitivity, specificity, PPV, NPV,
and sverall &ccur&cy were calculated. Data analysis was performed using SPSS v23.
Rmults: Of &s 319 cases, ACA was the most cornmon (65.2%), followed by SCC (31.03%). Males accounted for
81.2o/o of cases, with the peak incidence in the 62-66 age group. For ACA, TfF-l had higher sensitivity (97.11%)
compared to Napsin A (83.49lo), while Napsin A showed better spcificity (96.Mo/o). For SCC- p63 demonstrated
higher sensitivity (93.07o/a\ than p40 (78.22%\,whi1e p40 had better specificit-y t89.62%).
Conclusions: The study higblights the need for tailoring the IHC panel to suit the histopathological specimen in order
to clinch the final dieenosis. In finance effectiveness, two marker panel can also be used.

Keywords: Immunohistochemisry, p63, TTF-I, Napsin-A, Squamous r,ell carcinoma, Adenocarciaoma
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This is especially cnrcial for patients with advanced-stage
disease (sfagp ilI aod IV) and metastatie NSCLC" where
surgical res€ction is often not an option. About 7Ao/o of
lung caneer cases are diagnosed whm the disease has
already reachcd an advancsd stage aad is dsemcd
uuesectable.s In these cases, Tru-cut needle biopsy is
commonly utilized to obtain tumor tissue for diagnostic
purposes, including histologic and molecular testing. Most
NSCLC cases can be subclassified thmugh
histomorphologic examinatior using hunatoxylin and
ecsin sreined slides, ',r'hic* rernains a fimdeinefital
approach in clinical practice.6'7 However there remains a
subset of carcinomas which are pmrly differentiated and
which require IHC for their fiml diagnosis.

Retrospective studies doue in USA showed that a 2-marker
panel of TTF-l/p63 is sufficient for subtyping the majority
oi ACA anti SCC, an<i a<iditioa of Napsin A is usenri ru
only subset of cases. Wheiras perforraiog expanded 4-
marker pauel (TTF- I , Napsin A, p63, p40) upfront is time-
efficient option for specimens with sufficient cellularity.s

Recent studies have explored the potcatial of combining
multiple IHC markers to improve the subclassificdion of
NSCLC. These investigations have shown pmmising
rerults, particularly with dual marke6- For instance, a
combination of TTF-I and Napain A dernonstrated ?4olo
sensitivity and 87-96o/o specificity in identiling lung
ACA using fine-needle aspiration materiat. Similegly, th.
dual marker of p63 and CK5 achieved l00go senririvity
and spe+i&eif {br identi{feg lung SCC rvit} FNA
samples. Additionally, lung trmor tissue rnicmrray data
revealed *rat a csmbinstion of TTFI aod p,46 provided
93% sensitivify and9?%o speciiicity for diagnosiog SCC.
These findings suggest that dual or triple tHC markers can
offer comparable sensitivity and specificity to individual
markers while also minimizing the amount of hrmor tissue
rcquiicd for accurate histologicai subctassificaiioa.$'2

Research encompassing a broad age range and a
substantial patient rehort, particularly focused on small
biopsy specirnens, is limited in Indials Consequently, our
study aims to filt this gap by imestigatiag the
iamunopmtiling of poorly differentiated lung carciroma
using markcrs sucb as T"IFI, Napsin, p63, aod p4O.

Our objective is to svsluatc the practicality of IHC markers
in subtyping poody differetrtiated NSCLCs basd on
biopsy specimens. This comprelensive qproach seels to
ealance our understanding ofthe IHC characteristics of
poorly differentiated NSCLCs, particularh in the context
ofdiverse patient deraographics aod the challenges posed
by small biopsy sarnples in tie Indian poprlation.

METTIODS

focusing on 319 histologically confirmod cases of lung
carcinomas. The sanple size w*s calcutated using
satistical methods qn=Zzl-o/Zg/d2).11 The study
ercl+qivelv involver! smrlt hinnqrr c*nimmc llnm n1fg61gviE rr_uiii P.

with poorly differentiat*d NSCLCs, mbjected $o
immuaohistochemical analysis usiug four markers: TTF-
I, Nry.ro, p63, and p40. Exclusions comprised biopsy
specimens for non-malignant lung pathology, Iarge
resection specimeus, end lung biopsies with prior
neoadjuvant or radio&erapy. The formalin-
f...J .--t..L-..-. L:-' t-j..___. 4. -_ .t! . - ... Lrr^cs Euwulueruar utuirbJ Uurri .ijt Casqi UIiOEIWctri.
proces$hg and paraffin anrbedding. Multiple 3-5 mm
scctions were stained with hematoxyiia and eosin (H and
E), and subtyping of lung carcinomas was perfomred
based on WHO classification of lung urmors.l5
Immunohistochmical examinatior smployed a soluble
complex method, Four-micrometer-tlick sections were
prepareci on poly iysme-coated sitde6, subJeqted to
ovcnnigbt incubation at 37"C and one hour at 60"C,
followed by dewaxing in xylene. Hydratioa antigen
retrieval, snd strining procedures effued.

F!4.'=-. ! /l n\, I rr.,*..r- 
^ 

...--!-r-- -.r-, L!..lisr( r lA-ur. A-itrlfirE A JaiaiE iaf Of iElig EiOpiJr
sPecimeru diagtro$d as ACA- B-TTI.-f s6ialng of
lung biopsy spocimenc diagnored ar ACA- C-tr63

staining of lung biopry epecirnenr fiagnosed flr SCC.
D-p-{0 stalning of lung biopry specimcnr dirgaorcd er

SCC.
A-Graaular cytoplasmic stainiry of tung biopsy specimars that
were riiagnoeui as ACA. Rai$it monocionai antiboriy Napsio-a,
was usd for immrmohistocheinical stainirg. B-Nuclear staining
of lung biopsy specimens rhat were diagnosed as ACA Rabbit
rnonocloual antibody TTF-I was usod for immunohistodremical
slainitrg, C-This figme shows the nuclear s{aining of tumor cells
in lung biopsy specirnens that were diagaosed as SCC. Rabbit
monocloncl mtibody p63 was us€d for immuno,historhenicslThe research adopted a hospital-based cross-s€ctional

dmim corrducted avrr a 4-yer period {2020-203a,} at $aining, t}Nuclan rtaining of sqnamo*r eeJls in tlng biopry
Amala medical scienceg Kerala, tndia, ryecimem that wqr diaposed as SCC Rabbir ncnoclonal

artibody p40 was used for immrmohistdlrtttmical staining.6o{\) /;
aD{

a
o4_

a
R,S
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The anployed antibodiw for immunohistochemistry were
as follows: Rabbit monoclonal antibody p40, mouse
mnnrx'lnnnl antihnrlv n6? rahhit monoclnnal antihodv
TTF-I and rabbit monoelonal antibody Napsin-A.

Cytoplasmie staining indicated positivity for Napsin-A,
r*'hile nuclear staining indicated positivity for TTF- I , p40,
and p63. (Figure I A-D) Irnmunoreactivity was semi
guantitatively scored based on the pefcentage ofreactive
tumor cells, with pneumcytes and bronchial basal cells
serving as internal contols.

Subsequent analysis, conducted using SPSS vereion 23,
focused on immunopmfiling and its correlation with
various subtypes of poody differentiated NSCLC in terms
..f ^^-^:.:..:&. ^-..1 ..-^^:C-:s. f,;- ^----.^^1- ^:.-^J +^Ui itts-rsit-lvit} iil-ig SPELrilulLJ. lrriis dPPludur a1irrtu ru

identi! aa effective and efticient panel of two
immrmohi$ochemistry marken out of four (TTFI,
Napsin-A, p63 and p4(}) in aiding the categorization of
poorly differentiated NSCLCs.

v RESIII,TS

The 319 cases of poorly differentiated NSCLC were

diagnosed during the 4-year period from 2020 to 2024. Of
these, ACA accormts for 65.2o/o (208 cases) followed by
SCC 31.03% (99 cases), adanosquarnous 1.2% (4 cases),

not otherwise specified A.6% tZ cases) (Figure 2).

Out of 3 19 cases of NSCLC 267 (83.6a/o) occurred in males
and 52 (16A0/o) in females. Incidence of NSCLC peaked

{rmong patients aged 55-69 years (Figrue 3 and Table 1).

55-69

Trble 2: Stetistlcel Parameters of
i mmu nohistochemie,al me rkerc Nag.rsin-A nnd TTF- t.

92.A8o/o 96.M%
rrso 12.27 21.08

Negative liketshood ratio 0.03 0.17

Potldvc predfu,{tre vdue 96.Wo 97.7f/o
Negative predictive value 93.94% 73A8%
Accureey 95.53% 87.54d/o

Napsin-A and TTF-I used for staining lung biopsy specimens

diagnosed as ACA via histopathological parameters. SPSS

versioo 23 was used for statistical analysis.

Subtyping ofNSCLC was bas€d on the algorithm followed
by the IAT0ATS/ERS international multidisciplinary
tea!!!.

We started o[ with the hypot]resis that p63 and p40 are

positive in cases of SCC s whsreas TTF-I and Napsin-A
are positive in ACA.

Statistical analysis showed that ln the case of ACA (Table

2), TTF-I is the more sensitive marker with a sensitivity
of 97.17% as compared to Napsin-A (83.49%) udNapsin-
A is the more specific marker srith a specificity of 96.A4%

as compared toTfF-l (92.08%i.

ln case of SCC (Table 3) p63 is the more sensitive marker
with a sensitiviry of 93.077i, as compareti to p+0 i78'22%i
and p40 is more specific marker rvith a spwificity of
89.62o/s as compared to p63 (800/o). (Figure 4).

Co-expression profiles of TTF-I and Napsin showed

doutrle positivity in 168 cases (80.77o). Co-expression
prcfiles cf p63 *TC p'10 shct.''ed de:rble p+siti:'ity in ?4

wses (74.7o/o).

In the case of adenosquamou^s carcinoma both TTF-I and

p63 were seen to be positive in the 3 cases. One case of
adenosquamous carciaoma showed positivity for Napsin-
aTTF-I andp63.

ln the specimens of NSCLC NOS (not othenvise

specified), a clear algorithm could not be decoded with
positivity being highty variable in the 2 cases'

Tshle I : Age rt the time of diagnosis ard sex of the patiert during the 4-yerr study period in pltients with poorly
differentieted NSCLC, (nfS il.

(in years)
7

35
1g

2t
5l
28

l6

Negative likelihood ratio
Pusiffve pr,cdLfive vdue
Negatlve predictive value
Accuracf

P{3 and p-40 used for skining lung

62%

as SCC via histopathological
used for statistical analysis. ,

\

'+Soz-:---

trt,

<r
Jt
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Sensitivity 97.l"lo/o 83.4V/o

Table 3: Statistical parameters of
mnrkers P63 and P4O"

27
46
1<

89

2A

13

28
1Q

1

66
162
91

267

52

83.60
r6.40

50

93.AlVs
80.66%
2b.86
0.07
93.O?ta
*6.53D/a
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Figure 2: Find diegnoses ofthe peticnts in the study
Erorp.

This chart shows tlre relativa prevalence of the dififurent non-
smg!! cel! !u::g cerccr s-blp+s based cl: his.opsl!*lcgy *hich
was E*en as our Bold gtadand-Ac& (6520-0 ), SCC: (3 I .03%),
aderrosquanrous : (l 2@/o\ mt otherwisc specifi cd: (0.60Yo)-{uot
otberwisc specified refq to the samples whish show 8o uocertain
histopa&olog as I corx€quenc€ ofsrnall sauple sizes rad highly
heerogeaeous tumors, which limit thc conristcncy and acaracy
of rubtyping using bmnclroscqic biq*ies.

Figure 3 (A and B): A{ender dictribqtion and year
of diagno*fo of patientr with poorly differentieLd

NSCLC. B-Age at the time of diagnosis durirg the 4-
yer study period in petieuts with poorly

differentlated NSCLC
A-The graph shows an 83.6% prevalence in males aad 16.4% in
females. B-Th* inciderrce of NSCLC peaked amocg pdieffs
aged 55 to 69 yesrs.
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Figure 4 (A *nd B): Sensitivity rnd speciffcity of
immunollstochemicd markers N*psin-A and TTF-I.
B- Sensftivity and specif,city of immunohistochemical

rrrkerr p.63 and p40.
UseC far stalning !*rg bicpsy speei:n*s 4iag:'.csC as AC.A vie
hietopa&elogical parameters. SPSS vemion 23 was us€d for
statistica.l analysis. In the case of ACA, TTF-I is seen to be 6e
more seuitive marker wkreas Napsin-A is the mor€ specific
marker. Used for etaining lung biopsy spccimens diagxroscd as
SCC via hiSopathotogical parametcrs. SPSS vcrsion 23 was used
fm statistical analysis. In 6e case of SCC, p63 is seen to ba ihe
morc reasitivo rnad$r rvhereas F*40 is tht more specilic marter.

DISCUSSION

Lung caocer is the lcading causc of adult cancer-related
deaths in most countrig, and Bon-small-cell csrcinomas
cornprise about 8ff/o of these @ses. 16 The global iifetime
risk of dweloptug luog caocsr is estimated to be I in 13
for me,n and I in 16 fq wome,n. wirh smokers facing a
markedly higher risk compared to n*n-smokers. Despite
significmt advaec€men8 in therapeutic stratygies over the
past fcw decades, the prognods for lung cancer patients
remains dismal, with a S-year overall survival ratc stagnant
at around I5%. This undffscolEs the urgency for cmtinued
lesearch *;td i*nsvadoqr ir eady deteeli+n, pre.ventiff!. and
tneame,nt modalities to impro.ve patient outcomes.l5'r7

This 4-year analysis repre$ents one ofthe largest single-
ceutsr st[dies in India, focusiog on a substantial sample
size of non-small cell lung sffncer sases and uncoven
sev€ral notable trsnds. The average age ofour patieat8 was
60 ysars, wr\i*h is simiiar io tlut ;,rpr.'rteri il previous
studies conducted on Indiau cohorts.lqle Our shrdy showed
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a peak in incidsrce among ptients aged benrear 55-69
years. While thc risk of developing lung caneer rises
sisnificantlv affer the ase of 70. our str-rdv included fewera'" -* __J --"'
patients in this age grfiIp, likely due ro moraliry from
otlrer caus€s and comorbidities before a lung cancer
diagnosis could be made.

Our snrdy population showed a male predominance across
the 4 years which is in accordance with Indian studies
which reported similar findings.rs're No change in this
trend was noted during trc study period.

Of the 319 cases of poorly difficrentiated NSCLC ACA
accounts for 65.2% followed by SCC 3I.03%. This is
similar to tbe studies of Thai et al and Travis et al which

L - --^J aa tdor .-f a 
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in their respective study populrtions.2o'r

Since the 2004 WHO classification, therapeutic advmces
for NSCLC have been closely linked to precise histologic
classification. Morphologic diagrosis forms the basis of
diagnosis of NSCIf and is further supplemented by a
panel of immunohistochemical markers. Turnor cells in
ACA are positive for TTF-I, Napsin and cytokeratin-7.
SCCs are positive for p63, cytokeratin-5/6 and NTRK-I
and NTRK-2.!5 These dwelopments have underscored the

importance of distinguishing between subtypes of
NSCLC, as beatment responses vary significantly. For
exampie, patlents with ACA or NSCLC-NOS have shown
grEater responsiveness to pemeEexed compared to ttrose
with SCC.a Additionally, the use of bevacizumab in lung
catrcer treament has raised concerns, as it has been
essociated with life-threatening hernorrhage in patients
with SCC, leading to its contraindication in this
srrhqroun.2s These findinos emrhasize the critrcal role of':-;U6;'_ts'r.r_!-^l..*rlro,r^}.rg'vPv

accurate histologic classificdion il guiding fieatment
decisisns and impmving patient outcomes.

TTF-I has long beeo the predominant IHC marker for
identifying lung ACA, with a reported sensitivity of 75Yo

to E0%. Hortever, TTF-I is not cntircly specific to lung
tissue, as it ca also stain other tissues md fumors,
including thyroid tissuc, metastatic brsst carcinomq and
neuroendocrine tumors like small cell lung cocinoma and

carcinoid. TTF-I is a nuclear proteiu, that regplates the
trmscription of lung-specific genes lbr surfactant and

Clara cell secretory proteias. Additionally, TIF-I
expressiotr deererses with iumor ticdiffereniiaiion, making
poorly differentiated ACAs less likely to exp'ress this
marker.a

Bishop et al ohserved tbat 69 of 95 03o/s) ACA s to be
positive for TTF-I, whereas Folpe et al and Kauftmnn et
a! also obsenred TTF-I erptes,qion in 90-!00-o1e of snall
cell lung carciaomas.2+x Strdies by Balakrishnan et al
also observed 100% sensitivity and specificif for TTF-I
in diagnosing ACA.11

Recently, Napsin-A has ernerged as a novel marts for
lung ACA, particularly for well to modcrately

differentiated tumors. Napsin is also a promising marker
and has been detected in the cymplasm of type 2
nnrllmocr,tes and alvealar macronhases.2? Studies hs'.'e
shown that Napsin-A performs ccmparabty or even beffer
than TTF-I in determining lung origin in these cases.

Napsin A has been evaluated on surgically resected lung
cancers and has been fiound to be p<lsitive in s recent strdy
in 79 of 95 (8370) of lr'*g ACA s and uegative in all 46
lrmg SCC in the snrdy by Bishop et al.za Napsin A is
moderately sensitive (?9-85%) andhigh$ specific (10070)

forACA.t5

However, in our study, fiF-l demonstrated a higher
overall sansitivity (97.17%) compared to Napsin
(83.49olo). Napsin-A expression is also noted in the
cyiopiasm of norrnai iung ceiis anti kidney celis, as weii as

in renal cell carcinomas, which must be considered whsn
intelprethg results. t25'2;

Our findings are c'onsistent with prwiously reported
studies, which demonstate the usefulness of TTF-I+
Napsia A dur! sn[s1 immunostaining in dishnguishing
lung AD C versur SCC.2E ze Stoll st al have also reported
that combined application of Napsin A asd TTF-I
immunomrkers may be necessary to irnprove diagrrostic
acfirrrrcy in lung ACA.30

The human 'p53' gene, located on chromosomeSq2T'29,
produces two types of proteins through trro pmuroters: the

fuIl-length TAp63, conaining the N-terminal
tramactivarion domain, and the truncated ANp63, which
lacks this domain. The ANp63 isoform can bc specifically
identified by the p40 antibody, while the full-length
TAp63 is detected using tte p63 antibody (4A4). p63 is
expres;eri in the nonnai respir-atui-y epitheiiom of tiie
csrtal air con&rcting system and does not carry any
prognostic irnplications in N SCLC patients.3 I

Reccnt studies have demonsfated &at p40 exhibits
exceptional performance in identifring SCC, with rcportd
sensitivitv and specificit-v of l00o/o and 98-l0O%,
respectively. Antibody p40, identifies ANp63, its use for
distinctian of lung SCC and ACA was only recently

studied. p40 is consistently predominant isoform
expressed in SCC.ts Studies by Bishop et al ard Nonaka
showed that p40 has 100% sensitivity and speeificity in
lung SCC.25J3 Another study by Tacha et al reported an

857o sensitivity and 98% speci-ficity.y

The sensitivity ofp63 ranges fiom 757s to more thaa9iYo,
whereas the specificity for SCC is between 7A$/o and

100%.15 Immunostaining forp63 has been described as the

single best marker to separate ACA finm SCC, with a

sensitiviiy* of 84?6, and specificiry af 85\'o fior SCC.35

In our study, p63 was observed more
marker, with a sensitivity of
7 8.22o/o. Converssly, p40
89.620A, compared to p63,
These findings suggest D63 .q40
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&\ '.1-+'3'g::- C7

.t$ 'oiir" -,/

tatematioual Joumal of Research in Medicat Sciences I June 2026-l Vol l3 I

R,SSi,ta,

2438



Salaudhcen S et a!. lnt J F.zs Md kL 2A2S.lun;iJ(d).Z4Si-i41i

comple&entary mles 
. 
in SCC diagnosis, wifi pd3

providing higher sensitivrty and pa6 otrering grearsr
specificity.

?L^ --i iie cd'-€lpiession anaiysis of TTF-i anci Napsin-A
revealed drat both marters were positive in 16g cases
(80.7%), highlighting their shong association ,uitf eCa
gnengtfglatn &e study coducted by Fatima et al showed
tbat dual TTF-lrllapsiu A has a sensitivity of 74o/o aad,
specificity of ETo/o for diagnosing ACA ar,4 hence, is
useful in diffe'rertiatingACA from SCC.s '

SiTilarly, co-expression of p63 and p40 showed dual
n*l,irr? in 74 cases (74.7%);Effirninjtheirretevauce insUC di4gnosi* Notably, in the tlnee €as€s of
adenosquanous carcinoma, TTF_I ard p63 were both
positive, indic*ting the mixed histologi, uature of Oese
fumors.

Analysis of co-expression profiles *howed that co_
expression ofp63 and CI$/6 inespective ofTTFI and co_
expression of p63 and CK5i6 iu TTF_I negative tumor
both were l00ye sensitive and specific for"SCC s in a
similar study conducted in an tniian cchortH Furtrer it
was also eb,qervd that TTF-I pasltr...e c*d p63 aegalivt:
co-expression profile Sowcd lWs ,Ourifr"ity ia
diagnosing Acfu.t4

Interestingly, otlc sese of adeoosquamous carcinomad=o:ry*d Hpte positivity for Uapsin e, fff-f , uoap63, further supporting tle &el *fmti*on of tr"o
tuaors. El;wever, in iire specimens of NS{LC-NOS, a
consistent immunohistochenrical algoritkm coufU not Ae
established due to the highly variabie 

"xpr*sioo 
patt .ns

observed iu the two cases, undersco.l"g tf," aiagno.ti"
challenges in this hcterogeaeous group.

This 1aldy provides valuable insights inro the
imrnunohistochemrcal charac{erization- of poorty
differentiated NSCLCJ, yct several limitations must be
ackaowledged to cootextualize the fin.tiqgs. fl" i**r"l
IT^yfir* to a.single-tertiary care 

"*it r, rrhi"h *uyrntrodre iostitrtioual bias and restrict the brcader
app_licability of the rcsule. toclusion of muttipte centorsffi $"g: paticnt populations would -.mngrr"r,
generalizability.

Molecular profilmg was Dot incorporated iato the study
desigrr. The additioo of targeted multioo an*yalisucl asEGf'& ALK. or &.OSI, could have *fr*oi AiuLo.ti"
precision and aligned the findings witl current rtnds inpreision orrcologr Another 

"o*uarot 
fi* in6c Ll of

cliaical follow-rry. Without longitudinal Oaraoo t ot"r*t
response or survival outcomes, the pmgnostic relevance of
Ore immunohistoclemical pnrfites ierniio, *.rrt"io. fhi,limibtion was fintrer compounded Uy *"ll*g* *n,theCovID-I9 pardernic, it irt fit"rv inuoou.iJforror_u1bil duc ro delayed invesrigatiors and mhoJ risin,offf^+ira lm- +^-. J^.^ - r!rurr6,-.!l u u4td cuut:()Uon.

The use of semiauantitative scoring to asscss
rmmuooreactivity introduces potential interobsaver
variability. Employing digital image aualysis or blirded
assessments may improve rcliability and reoroducibilitv.
WhiJe thg shrdy utitized a well-esrablished;*"1 ;i d;
markers-TTF-1, Napsin-A, p63, and p4O-tti. fogusedapproach may limit diagnostic accuracy in
Ioploloy.Tlly ambiguous cares. Expanding &e panel to
rnchude additimal maters suoh as CKSIO oi CKi could
snhancs zubtype differ€ntiation. Overall, the studyundermors the diagnostie utilitv cf
immunohisrochemistry in podly arerentiiJ' ilSCLCs.
Nonetheless, broader multicentric validation and
integration with molwular and clinical daa are esseatiat
for improving diagnostic fidelity and clinicat applicaUitity.

CONCLUSICIN

1 *o-111t!r IHC panel consisting of TTF-I and p63
showr 91.13% accuracy! 90.39/o selsitivity, aad75.g3o/o
qpecificity, making it a cost-effective altemative in
resourcelimited settings. Horever, tower specificity
$uqgests some &rles may require additional makers such
as Napin A, p40 for definitive subtyping, ensuring greater
tiiagaosiic confidence wherc needed.

ACKNOWLEI}GEMENTS

Autors vould l!f,s to rhrnL to Dr. V. Rasrank,tty, director
sf the Amals csacer research ceirtre. AIso, to f*lo. no*"
}ryry, &t& Enalyst 1ve are deeplv gaiefirt ," frlo. lini
M. P., Biostaristiciaa at Amata medicai college.

Funding : No fwtding s ources
Conflict of hterest: None declared

lthical approval: Ihe study was *pproved by the
Iasfintianal Ethics Coamittee

REFERENCES

L Sunilkumar S, Bindu T, Kumbakara Ratheesan B,
Sathsesan. Fattcru of caacer at a tertiary cancer
ceqter in Kral4 India, based on IG.years of hospital-
based gaoclr rcS$rry data: A retrospective
observationat str_rd,v, Caneer F_es Sg*istics fdtmerrf
2o24;7(2\:tB5-92.

4.

fleamili-C" Ferris RL, Xic J, Mariani c, Ali It{,
Holmes WC, et al. Bleeding complications;n patients
with squamous cell carcinoma oi the head and neck.
Ilcad Neck. 202 I ;43(9) :2544- S S.

Iyng Y, r}aagL,Shi y, Ma S, Liao M, Bai C, et al.
Effcacy of sriiitinib irl previr:usiy t or* pn i"ot,
with advanced non-small .eU tuog "*- *int 

"fthe Chinese subpopulation in itre fRUSf -rt"ar.
Japanese J CIin Oncol. 2015;45(6):.569-75.
Tomasini P, Barlesi F, Mascaun C, Grsiltier L.
Pe,metrexed for advanced o"g" ooorq,rr*o* ooi-
small ,cell lung carcer: latst eviderlce aUout i*
extenried use and outcomes. Therapeutic Adv Mod
Oncol. 20 I 6;8{3): I 98-208.

2.

J

e OF rt4€/

c/)

a

C\

--=-t

tsg

htemstional Joumal of Rescarch in Mediql sciences I J,:re 2025 | vol t3 | Ias,e 6 pags z4r9



).

Sahwdheea S et al. Int J Res Md *i. 2025 Jun; I i(6):2434-244t

dilmncic af hmo 
^an.cr 

in tha aa ^f n^h^-ali--,{

@tnsnl Current Oncol. 20 1 2; I 9( I ): I 6-23.
6. Stedacci W, Savic S, Schmid T, Oberaigner W,

Auberger J, Fiegl M, e{ al. Tissue-sparing application
of the newly proposed IASLCIATS/ERS
classification of adenocarcinoma of the lung shows
prsctical diagnostic andprognostic impact. Am J Clin
Pathol. 20 1 2;l 37 (6) :946-5 6.

7. Yuag RC, Ot€ll S, Illei P, Clark DP, Feller-Kopman
D, Yarmus L, et al. Improvement of cellularity on cell
block preparations using the so-called tissue
coagulum clot me&od during endobr,onchial
ultrasoud-guided transbrenohial fme-needle
^--:-^t,-- A al t 

^hl^.6ptrauux, \-.uturit uyrupaurur. zv I l,; r zt(J r: -r oJ-y J.
8- Rekhtman N, Ang DC, Sima CS. Traris WD, Moreira

AL. Immrmohistochemical algoritbm for
differentiation of lung adenocarcinoma and squamous
cell carcinoma based on large series of whole-tissue
sections with validation in small specimens. Modenr
Parhol. 201 I :24{l O): I 34R-59.

9. Fatima N, Cohsr C, Lawson D, Siddiqui MT. TfF-l
and Napsin A double stain: a useful marker for
diagnosing lung adenocarcinoma on fine-needle
aspiration cell blocks. Cancer Cytopathol.
201 l;l l9{2):127-33.

I0. Johnson H, Cohsn C, Fatima N, Duncan D, Siddiqui
MT. Thyroid transcription factor I and Napsin A
double stain: utilizing differsnt vendor antibodies for
diagnosing lung adenocarcinoma. Acta Cytologica.
2A12;56{6):596-6O2.

ll. Sethi S, Geng L, Shi<lham VB, Archuletta P,
Baudyopbadhyay S, Feng J, et al. Dual color
a'rlfinlpr T'T?- t -l- I{qnci- A arrl 

^6'2 
L l-Y <u+iiiPiLrl r ii -i t if EP-aia ia tuu yvJ , ur}J

immunostaining for zubcategoriziug of poorly
differentiated pulmonary non-small carcinomas inlo
adeuocarcinoma and squamou$ cell carcinoma in ftre
needle aspiration specimeas. Cytojoumal. 2012;9:10.

12. Brcwu AF, Sirohi D, Fukuoka J, Cagle PT, Nicolas
M, Tacha D, et al. Tissue-preserving antibody
cocktails to differentiate primary squamous cell
carcinoma, aderocarcinoma, md small cell carcinoma
of lung. Arch Pathol Lab Med. 2013t137(9):1274-81.

13. Mohan A, Garg A, Gupta A, Sahu S, Choudhari C,
Vashistha V, et al. Clinical profile of Iung cancsr in
North lrdia: A l0-year analysis of I862 patiens from
a ieriinry care center. Lung inriia. 2020;37(3):i90-7.

14. Batakrishnan N, Jyothi CR. Immunohistochemical
Profile in Lrmg Carcinoma. J Med Sci Clin Res.
20186(ex022{.

I 5. Shankar S, Thanasekaran V, Dbanasekar T, Dtrvooru
P. Clinicopathological and immunohistochemical
profile of non-small eel! hmg earcinqma in a teniary
care modical ccntre in Sou*r India. Lu*g India.
2014;3r{1):23-8.

16. Mandal SK, Singh TT, SharmaTD, Arnrithalingam V.
Clinico-pathology of luag cancer in a regional cancer
center in Northeastenn India. Asian Pacific J Cancer
Prevent. 20 I 3 ; 14{ I 2):7277 -81,

17. Cagle PT, Chirieac LR. Advances in treatmmt of lung
&rncer vith targeted therapy. Arch Pathol l^ab Med.
'tnt.t. t't(/<\.(n, (I
Lv r -, LJV\J ).JW- a,

18. Kaur H, Sehgal IS, Ba1 A, GuFtaN, Behera D, Das A,
et al. Evolving epidemiologr of lung cancer in India;
Reducing non-small cell lung cancer-not otherwise
specified and quantifying tobacco smoke exposure are
thq key. Indian J Cancer. 2017;54(1):285-90.

19. Travis WD, Brambilla E. Noguchi M, Nicholson AG,
Geisinger KR, Yatabe Y, et zl. [ntemational
association for the study of lung cancer/ American
thoracic society/ European respiratory society
intemational multidisciplinary classification of lung
adenocarcinorna. J Thoracic Oncol. 20111;&2):2aA-
85.

20. Thai AA, Soiomon BJ, Sequisi LV, Gainor iF, Heist
RS. Lung cancEr. Lancet. 2021 ;398{10299):535-54.

21. Travis WD, Brambilla E, Nicholson AG, Yatabe Y,
Ausfin JHM, Beasley MB, et aI. WHO Panel. The
2015 World Health Organization Classification of
Lung Tumors: lmpact of Genetic, Clinical arut
R-adiolooic Advanees Since the 2004 Classificatien. J
Thoracic Oncol- 201 5; l0(9): I243{O.

22. Ciuleanu T, Erodowicz T, Zielinski C, Kim JH,
Krzakowski M, Laack E, et al. Maintenance
pemetrexed plus best supportive carre versus placebo
plus best supportive care for non-small-cell lung
cancer: a randomised, double-blind, phase 3 study.
Lancet. 2009 ;37 4{9 699) : 1 432 40.

23. Johnson DH, Fehrenbacher L, Novotny WF, Herbst
RS, Nemunaitis JJ, Jablons DM, et al. Randomizrd
phase tr trial comparing bevacizurnab plus carboplatin
and paclitaxel with carboplatin and pclilaxel alone in
previously untreated locally advanced or mctastatic
non-sinall-ccll lung ffiEcer. i Clin Oncol.
z0Mi?20l):2184-91.

24. Folpe AL, Cown AM, Lamps LW, Garcia & Dail DH,
Zarbo RI, et al. Thyroid transcription faslor-l:
immunohistochemical evaluation in pulrnouary
neuroendocrire tumors. Modem Pa&ol.
1999;12(l):5-8.

25. Bishop JA" Tenrya-Feldstein J. Westra rilil, Pelosi G,
Travis WD, Rekhtman N. p40 (ANp63) is superior to
p63 for the diaposis of pulmonary squamous cell
carcinoma. Modern Pathol. 20 I 2;25(3 ) :405- I 5.

26. Kaufrnsrn O, Dietel M. Exprcssion of thyroid
transcription factor-l in pulmonary and

extrapuimonary smaii ceii carciaomas anri other
neuroendocrin€ carcinomas of various primary sites.
Histopathology. 2000;36(5):41 5-20.

27. Kalhor N. Zander DS, Liu J. T"fF-l and p63 for
distinguishing pulmonary small-cell carcinoma &om
poorly differentiated squarnous cell sarcinoma in
previously p*pstai:red crvt+legic msterig!. Msdem
Pathol. 2006; l9(8): 1 1 17 -23

Ofiara LM, Nnvasakulpong A, Ezer N, Gonzalez AV.
The imprbnce of a satisfactory biopsy for the

28.
cell lung

morphologic
Utility of an

Mukhopadhyay
of non-small

S, Katzensteilr,.rl,L

J
a:

containing

Intenntional Journal of Research ia Medical Sciences I June 2025 l{ol l: I 2440



Salawdhea S et al. lnt J Res Md ScL 2025 JuEl3(6):2431-2441 \

TTF-I, Napsin A, p63, md CK5/6. Am J Srugical
Palfrol. 201 l;35(1): I 5-2S.

29. Ueao T, Linder S, Na CL, Rice WB Johansson J,
Weaver TE. Pnrce*ring of prlmonar,v flrf-arteat
protcin B by napsin and cathepsin tL J Biological
Chern. 2(M;27 9(l 6):1 617 8-U.

30. Stoll LM. Johnson MW, Gabrielson E, Askir F, Clark
DP, Li QK. The utility of napsin-A in tre
identificatioa of primry ed metastatic lung
adenocarcinome among cytologically poorly
Ciffersn'$t-.d carcing!*as. Cancer Cytcpaahol.
2010;l l8(6):tl4l-9.

3 I . Zhang H, Liu J, Cagle PT, Allen TC, Laga AC, Zander
DS. Distinction of pulmonary small cell carcinoma
from poorly differentiated squamous cell carcinoma:
an immunohistoch€rnical approach. Mod€rn pathol.
2005;18(l):l I l-8.

i2. iiobre AR, Aiitergaria A, Scirnoin F. p40: a p6.i
isoform useful for hmg crncer diagnosis-a reyiew of
thc physiological and pathological rote ofp63. Aca
Cytologica. 201 3;57( I ): 1 -8.

Dr. BETSY THOMAS
MD, FRCOG, DTIB, MICOG

PRINCIPAL

A!.IALA INSTITUTE OF NlEDICAL SCIENCES

AMALA NAGAR, THRISSUR.6SO 555

33. Noilaka D. A surdy of ANp53 expression in lung oon-
small cell mrsinomas. Am J Surgical Pathol.
2012;36(5):895-9.

34. Taeha D, Brcmcr R-, Haas T, ai W. As
immuuohistochemical analy*is of a newly &vclo@,
mosse monoclonal pr4g (8C28) antibody in lung,
bladder, skin, brrasL prostate, and head and neck
canc€rs. Arch Pathol Lab Med. 2014;l3E(10):t358-
@.

35. Terry J, Leung S, Laskin J, Leslie KO, Gown AM,
Ionessa DN. Cptii:al immunohistfchcmical ma*ers
for distinguishing lung adenocarcinonns &om
squalnorE cell carcinomas in small hrmor samples.
Am J Surg Pathol. 20 I 0;34( I 2): I 805- t I .

Cltc ttlr erdcle rr: Salavudheen S, Ummer R,
Ramakrishnan D, Cyriac SL. Immuaoprofiling in
poorly differentiated non-small cell lung carrccr,
analysis ofdatr in a tertiary care ceater. Ist J Res
Med Sci 2A25;1},243441.

lttFo ef)

i'(a
e' c:l

m
2
o

\
{_

l'1
rnternatimal Joraal of Rcsearch ia Mediel scisrccs I Ime 2025 | vol l3 | Issre 6 page24/I

\

{\Pby

/L

I


