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Original Article

The Clinical and Metabolic Derangements after Using 0.9%
Normal Saline as Maintenance Intravenous Fluid in Children

Amal Jainy James, Kalyani Pillai, Jeffy John
Departments of Paediatrics, Amala Institute of Medical Sciences, Thrissur, Kerala, India

Abstract

Background: Isotonic fluids like 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 0.9% NS as mIVF in noncritically ill pediatric
patients. Materials and Methods: This longitudinal study included 80 children aged 1 month to 13 years admitted to a tertiary care center,
who received 0.9% NS as mIVF for at least 50% 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.

Keywords: Children, intravenous fluid therapy, isotonic solution, metabolic changes

Contexte: Les solutions isotoniques comme le sérum physiologique & 0.9 % (NS) sont recommandées pour la thérapie liquidienne intraveineuse
d’entretien (mIVF) chez les enfants. Cependant, des préoccupations subsistent concernant I'hyperchlorémie et ses complications associées, en
particulier chez les jeunes enfants. Objectif: L’objectif de cette étude était d’évaluer les effets cliniques et métaboliques du sérum physiologique &
0.9 % utilisé comme perfusion intraveineuse d’entretien (mIVF) chez des patients pédiatriques non critiques. Matériels et Méthodes: Cette étude
longitudinale a inclus 80 enfants dgés de 1 mois @ 13 ans admis dans un centre de soins tertiaires, ayant regu du sérum physiologique a 0,9 % comme
mIVF pendant au moins 50 % d’une période de 24 heures. Les paramétres cliniques et biochimiques de base et a 48 heures ont ¢été enregistres et
comparés. Résultats: Aprés 48 heures, on a observé une diminution significative de la fréquence cardiaque, de la fréquence respiratoire, de I'urée
sanguine et de la créatinine sérique, ainsi qu’une augmentation significative de la pression artérielle, du sodium, du potassium et du chlore sériques
(P < 0,05). Une hyperchlorémic a été observée chez 7,5 % des enfants, tous agés de moins de 5 ans. Conclusion: Le sérum physiologique a09
9% peut entrainer des modifications cliniques et métaboliques significatives, notamment une hyperchlorémie chez les jeunes enfants.

Mots-clés: Enfants, thérapie par perfusion intraveineuse, solution isotonique, modifications métaboliques

INTRODUCTION G TR Ay
Hypotonic solutions were widely accepted as the maintenance Department of Paediatrics, Amala Institute of Medical Sciences,
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as a safer and more appropriate empiric mIVF of choice in
children 1#13

Although hospital acquired hyponatremia may be reduced by
isotonic fluids,'*'* there is a growing concern 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
reportedly associated with acute kidney injury, coagulopathy,
gastrointestinal dysfunction, and even increased mortality in
critically ill adults and children.">* There is a scarcity of
literature that has looked into this issue, especially in young
children. Literature regarding the addition of maintenance
potassium chloride to the intravenous infusion of 0.9% 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.

MareriaLs AND MEeTHODS

This longitudinal study was undertaken at a semi-urban
tertiary care hospital for a period of 18 months. The study was
approved by the institutional ethics committee, and informed
consent from parents was taken before enrollment. Consecutive
noncritically ill children between age groups 1 month to
13 years admitted to the pediatric ward whose treatment
necessitated the use of 0.9% NS as m IVF and who had at
least 50% of their calculated maintenance fluid for 24 h as
IVF. were include in the study. The total amount of total daily
fluid (oral + intravenous) administered was based on Holliday
Segar formula, based on body weight.

Exclusion criteria 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 Pediatric
Intensive Care Unit (PICU). The study used to calculate sample
size was Malviya et al*"l Assuming 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 enrollment in the study. A pro forma
containing socio-demographic variables, relevant history, and
examination findings was filled. Bascline 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 blood
gas analyzer. Children received 0.9% NS with potassium
chloride (KCL) at the standard infusion rate for weight (20
meq of potassium/L). Repeat blood samples were taken 48 h
after the intravenous infusion. Baseline BP, HR, RR, serum

and lactate levels and changes in these variables 48 h after
starting m IVF were documented. Standard normal lab values
and those for hyponatremia, hypernatremia, hypokalemia,
hyperkalemia, hypochloremia, hyperchloremia, 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 maintained, privacy was
ensured, and confidentiality of data was assured. An informed
written consent, in a language that is familiar to them, was
procured from the parents of the participants of the study.
The study was commenced following approval from the
Institutional Ethics Committee,

Statistical analysis

Categorical and quantitative 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 r-test was used to compare
paired samples for the continuous variables. Statistical analyses
were performed using a statistical software package SPSS
Statistics Version 23 (IBM Corp., Armonk, NY, USA). For all
statistical interpretations, P < 0.05 was considered the threshold
for statistical significance.

ResuLts

A total of 560 patients were assessed for eligibility in the
study. of whom 408 were not eligible as they did not receive
IVF (flow chart study plan). A total of 152 children fitting
the inclusion criteria were enrolled in the study. Out of these,
72 were excluded based on exclusion criteria. A total of 80
children were finally included in the study [Figure 1]. The
baseline clinical characteristics with the mean and SD for
the clinical and metabolic variables are presented in Table 1.
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 (5-13 years of age). The abnormal
values with the highest proportion were for serum potassium,

Children admitted to pediatric emergency/ward screened (n=560)

Envolledin rrMmlS?]

Baseling -BRHRLRR sevum Ne, C) and VBG Blood wea, serum crestinine

fine S.Na of Metabolic acidosis (ne24)

Excluded
Excluded mIVF of less then 50% over 24 hours {no18)

Atleast 50% of mIVF within 24 hous (n=110)

l Enchuded second sample could not be taken [n=30)

Repeat BF. HE, AR s.Na. C1, blood wes, s.creatinine, VBG at 48 hours

l

Final analysls (n=B0)

Figure 1: Flow chart of the study plan
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Table 1: Baseline clinical characteristics

Characteristic n=80, n (%)
Age
1 month—5 years 54 (67.5)
5 years—13 years 26 (32.5)
Sex
Male 40 (50)
Female 40 (50)
Clinical and metabolic parameters (meantSD)
HR/min 118.2+25.9
RR/min 41.6+£14 .51
Systolic BP (mmHg) 93.80:£7.792
Diastolic BP (mmHg) 55.05+7.073
Sodium (mEq/L) 137.3£2.69
Potassium (mEg/L.) 4.169+0.590
Chloride (mEqg/L) 103.2+2.707
Urea (mg/dL) 19.65+7.718
Creatinine (mg/dL) 0.351£0.118
PH 7.374+0.047
Bicarbonate (mEq/L) 21.29+3.745
PCO, (mmHg) 38.16+7.747
Lactate (mmol/L) 1.664+0.630

SD=Standard deviation, BP=Blood pressure, HR=Heart rate,
RR=Respiratory rate

Table 2: Etiological diagnosis of the study subjects

Diagnosis n (%)
Pneumonia/LRTI 37 (46.25)
Viral fever 11 (13.75)
Upper respiratory infection 9 (11.25)
HFMD/oral ulcers 8 (10.00)
Acute wheeze 5(6.25)
Acute bronchiolitis 5(6.25)
Dengue fever 2 (2.50)
Migraine 1(1.25)
UTI 1(1.25)
Meningitis 1(1.25)

LRTI=Lower respiratory tract infection, HFMD=Hand, foot and mouth
disease, UTI=Urinary tract infection

g 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 significant
difference 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 0 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 in 6 (7.5%)
study subjects was in the hyperchloremia range [Table 5]. None
of the other values fell into the hyponatremia, hypernatremia,
hypokalemia, hyperkalemia, hypochloremia, acidosis, and
alkalosis range.

Discussion

The study included children between 1 month to 13 years with
an equal number of males and females. 47.5% (38 out of 80)
participants were between 1 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 (13.75%)
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 IVFE.
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% of patients, there is elevation in SBP>2 SD,
and 3.75% 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 significant. SBP significantly increases
after IVF administration (96.78 £ 7.59) compared to before I[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.*'! When compared to isotonic fluids, Choong
et al. found that 1.54% of children receiving hypotonic fluids
developed new-onset hypertension.

In this study, 6.2% of patients exhibited a >2 SD increase in
serum 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 hypernatremia in this study. In the study by
Malviya er al., the increase in serum sodium from baseline to
48 h (P = 0.017) was significant like in our study.”"! Choong
et al " and Kannan et al ¥ studies have revealed a negligible
risk of hypernatremia and a decreased risk of hyponatremia
after 0.9% NS as isotonic mIVF. Studies of Sen et al.”* 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.®'* Saba et al. randomized 16 children to receive
0.9% NS and 21 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.” In a related study, Bagri er al.**! 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).
But at 48 h, there was no significant difference in serum
the two groups, nor were there any cases
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Table 3: Clinical and metabolic parameters values in abnormal range (>2 SD) after 48 h

Clinical and metabalic Mean+2 Abnormal Age 1 month-5 years, Age 5-13 years, Direction
parameters SD (range) values, n (%) n (%) n (%) of change
HR/min 66.3-170.1 - =

RR/min 12.58-70.6 - - -

Systolic BP (mmHg) 78.2-1094 7(8.75) 4(57.14) 3 (42.86) Increase
Diastolic BP (mmHg) 40.9-69.2 3(3.79) 1(33.3) 2 (66.6) Increase
Sodium (mEq/L) 131.9-142.7 5(6.2) 4 (80) 1 (20) Increase
Potassium (mEg/L) 3.58-4.76 19 (23.7) 16 (R4.0) 3(15.8) Increase
Chloride (mEg/L) 97.78-108.61 6(7.5) 6 (100) - Increase
Urea (mg/dL) 4.21-35.08 1 (1.25) 1(100) - Decrease
Creatinine (mg/dL) 0.115-0.587 1(1.25) - 1 (100) Decrease
PH 7.28-7.468 - - -

Bicarbonate (mEq/L) 13.8-28.78 3(3.7% 2 (66.6) 1(33.3) Decrease
PCO, (mmHg) 23.21-53.11 3(3.75) 1(33.3) 2 (66.6) Decrease
Lactate (mmol/L) 0.404-2.924 4(5) 3(75) 1(25) Increase

SD=Standard deviation, BP=Blood pressure, HR=Heart rate, RR=Respiratory rate

Table 4: P value of clinical and metabolic parameters
values baseline and after 48 h

Clinical and metabolic Baseline, After 48 h, P
parameters mean=SD mean+SD

HR/min 118.2+25.95 105.5%16.82 0.000
RR/min 41.6%14.51 33.9448 475 0.000
Systolic BP (mmHg) 93.80+7.792 96.78+7.594 0.000
Diastolic BP (mmHg) 55.05+7.073 57.746.147 0.000
Sodium (mEq/L) 137.3+2.689 139+2.152 0.000
Potassium (mEq/L) 4.169+0.590 4.31+0.537 0.046
Chloride (mEq/L) 103.242.707 104.143.532 0.017
Urea (mg/dL) 19.65+7.718 16.43+6.838 0.000
Creatinine (mg/dL) 0.35120.118 0.30£0.110 0.001
PH 7.37440.047 7.283+0.825 0.333
Bicarbonate (mEq/L) 21.2943.745 22.1244.122 0.116
PCO, (mmHg) 38.16+7.474 38.53+7.647 0.732
Lactate (mmol/L) 1.664:0.630 1.661£0.881 0.981

SD=Standard deviation, BP=Blood pressure, HR=Heart rate,
RR=Respiratory rate

Table 5: Incidence of hyperchloremia at 48 h

Serum chloride (mEg/L) 108-109 =110 Total (n=5), n (%)
n=80 2 4 6(7.5)

of symptomatic hypo-or hypernatremia. Likewise, Kumar
et al.*® 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; 24 h: P < 0.001). However,
there were no occurrences of notable hypo- or hypernatremia,
like in our study.

In this study, 17.5% of children had a >2 SD increase in serum
potassium levels after 48 h of IVF infusion. Potassium levels
increased after [VF 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
1 year and a predominance of males but there were no cases

of hyperkalemia. A possible reason for this increase could be
the addition of KCL to the maintenance IVF 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
significant and comparable to the study by Malviya er al.*" All 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,[72%2* but there are limited data about pediatric cases.
Lima et al.?” 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 hyperchloremic
metabolic acidosis was more prevalent in the saline-treated
group following surgery (P = 0.02). Bulfon ez al.* conducted
a retrospective study with 543 PICU patients who received
minimum 50% of total maintenance fluid intravenously, as
0.9% NS, during the first 24 h. It found that the occurrence of
hyperchloremia was 94.9%, and the incidence of hyperchloremic
metabolic acidosis was 38.9% at 72 h 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.'”"*?*>* Earlier research has shown notable
mortality and morbidity associated with hyperchloremia, mainly
because of its impact on kidneys.!'"20%273% Hyperchloremia
might impair the reabsorption of chloride in PCT, enhancing
chloride transport to the distal nephron. This leads to a negative
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Blood urea levels decreased after IVF administration
(16.43 +6.83) compared to before [IVF (19.65 + 7.71). Similarly,
serum creatinine levels decreased after IVF administration
(0.30+0.11) compared to before IVF (0.35+ 0.11). The change
in both urea and creatinine levels was statistically significant.

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 IVF administration
(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). In other words, there was
no statistically significant difference in HCO, and CO, in VBG
after IVF 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 design; a
randomized controlled trial would have had more significance.
Furthermore, there is the risk of unaccounted confounding
associated with the observational design of the study. While we
powered our study adequately, we acknowledge the potential for
imprecision given the relatively small number of patients. We did
not address the quantitative relevance of fluids administered as
drug diluents and to guarantee catheter patency, the so-called fluid
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 there 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
children received fluid bolus as part of fluid resuscitation. We
did a sequential evaluation of the variables, which may provide
more relevant information than an isolated measurement.

Based on results, hyperchloremia could be a major electrolyte
abnormality following 0.9% NS as mIVF in noncritically ill
patients. In addition, 0.9%NS as mIVF does lead to statistically
significant alterations in clinical parameters and certain metabolic
parameters like serum sodium, chloride, potassium, urea, and
creatinine. Hyperchloremia was seen in younger children. While
providing a high level of evidence, 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 hyperchloremic metabolic acidosis cannot be
ignored more so in centers with a large number of patients requiring
mIVF with resource limited settings of patient monitoring.

ConcLusion

Use of 0.9% normal saline can lead to notable clinical
and metabolic disturbances, with younger children being
particularly prone to developing hyperchloremia.
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Abstract
Introduction:
Intussusception is one of the most commonly seen emergencies in pediatric surgical speciality and also in the
routine clinical practise of a paediatrician .The classical symptoms of intussuception (INTUSN ) in a child is
the presence of intermittent abdominal pain, vomiting, and a particular type of red “currant jelly” coloured
~ stools.The incidence of INTUSN has a varied course and usually starts in a very young age group and may
continue to early childhood. Amala Institute of Medical Sciences is a medical college located in the central
part of Kerala State and caters to a large population from surrounding districts. The medical college has a
tertiary level care Paediatric department and the Paediatric surgery department is efficient in treating any
paediatric surgical emergencies. The paediatric department receives many children with various surgical
emergencies and INTUSN is common. The prompt diagnosis of INTUSN can prevent the various morbidity and
mortality associated with it.
Aim:
To study the clinical presentation of children at the time of admission, clinical course in the hospital and
treatment modalities in children admitted with INTUSN.Also to study the gender differenceage of
admission,seasonal variation,association with weaning habits and also specific reference to abnormalities in
laboratory parameters in children admitted with INTUSN.
Materials and methods:
The present medical college based descriptive study was conducted including a total of 63 children who
attended the outpatient , inpatient and casualty-emergency departments in Amala Institute of Medical sciences,
Thrissur, Kerala,India for a period of one year from June 2018 to 2019. The total duration of the study was for
one year study period.
Results: The present study revealed a male preponderance of children with INTUSN in 38 boys (60.3%). Age
group wise 3(4.76 %) were below the age group of 6 months.24 (38.09% )were berween 1 to 2 years. The
majority of children (56%) with INTUSN were from the rural population. The majority of admissions were in
the months of April to July (54%).68% of children presented within 24 hours from the onset of sympioms to the
hospital. 96.82% presented with abdominal painfollowed by incessant crying and irritability (93.65%),
vomiting and blood in stools in 90.47% and 77.78% respectively.Children with mass per abdomen (59%) with
23% having abdominal distension. There was a past history of INTUSN in 5 (79.35%) children in the age group
less than 4 years.Majority had ileo colic type of INTUSN 58(92.06%). Hydrostatic reduction was done for
90.47% children.
Conclusions: A smart clinical judgement,proper abdominal examination and a simple per rectal examination if
possible can diagnose INTUSN in most of the situations. Ultrasonography can pick up the INTUSN in the hands
of an experienced radiologist.and hydrostatic reduction is the commonest modality in the treatment. Majority of
the children were discharged on the fourth day 38(60.31%) There was no mortality in the present study.
Keywords: Intussusception, Mass per abdomen,Blood in stools, Intestinal obstruction, Hydrostatic reduction
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The term “intussusception”(INTUSN) is defined when one portion of the intestine gc;g vaginated '
with another part of the intestine adjacent to this part'.Small bowel INTUSN are commoner than 1y l%_}_hg___“-;
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large bowe!l’. There are data showing a peak age of 4 to 9 months age for INTUSN to develop and is seen when
complementary feeding is initiated in these babies’. INTUSN has a preponderance in male sex(3:1) '3

Mostly chiidren are susceptibie to develop an INTUSN and in most cases the etiology is unknown. But
many causes are known in the adult population and in older children. The reasons could be a lymphoid
hyperplasia in the intestines especially in younger children and babies.Intestinal polyps, bowel adhesions after
surgery or infections of the gastro intestinal tract, tumors of the intestine, Meckel’s diverticulum and
endometriosis® in the adult and adolescents. Other malignant tumors could be ganglioneuroma and hamartomas
characteristically seen in Peutz-Jeghers syndrome,an autosomal dominant syndrome. INTUSN is also seen in
association with mesenteric or duplication cysts, a subset of patients with vasculitis such as Henoch Schonlein
Purpura and disorders of the coagulation cascade can develop sub mucosal hematomas and can result in
INTUSN.In all these conditions there is a lead point in the intestine to cause an INTUSN.

The viral and bacterial infections are known to be assoiciated with INTUSN.Many studies have shed
light into these findings after a adenoviral infection in children. Human herpesvirus 6 is also known to cause
INTUSN. Salmonella species, Escherichia coli organisms, Shigelia species or Campylobacter jejuni are some of
the bacterial infections causing the gastro intestinal manifestations and associated with
INTUSN®** Administration of Rota viral vaccine has been observed to cause INTUSN®,

The intestine in an INTUSN has two important parts jnamely the proximal part known as
intussusceptum( that part of the intestine that prolapses) and the second distal part the intussuscipiens ( the part
that is in the distal part receiving the intestine).All this happens because of the vigorous peristaitic action of the
intestine and in about 10% of the cases of INTUSN there is a anatomic part known as the lead point as a result
of which this occurs.It is interesting to find that the stool is described as red currant jelly ( Figure.1) as there is
ischemia in the intestine and there is damage and oedema of the intestinal mucosa causing sloughing of blood
and mucous into the intestine™.

Fig 1: Characteristic Red “currant jelly” stool in a case of Intussuception in a 1 year old child
in the present study.

Literature review and teachings from textbook of Surgery mentions that the order of INTUSN is
Ileocolic — Most common type(77%), Ileo-ileo-colic , Ileoileal {(12% and 4% respectively) Colocolic (2%).
The cases of multiple( 1%) and retrograde(0.2%) INTUSN are rare ,but seen''.

The notable triad of INTUSN a undergraduate or any postgraduate in Surgery should note is the
symptomatic triad of red currant jelly stools,pain abdomen and increased vomiting episodes. The vomiting can
be bilious or clear initially. And the characteristic feature of blood in stools is seen only 33% of the patients. The
baby becomes very imitable during the progression of the trapping of the intestine and scvere pain abdomes
causes the baby to flex the lower limbs to abdomen and associated incessant crying not conselable with breast.
feeding or medicines. There has been reports of gangrene of the part of intestine following pro; \énged ischemia - ..
and baby can have fever,sepsis and encephalopathy like status fullowmg dyselectrolytemia( Iryponatremla)‘— \ D\

The diagnosis of INTUSN is made possible by experience and proper clinical examination of the child |
and palpation of the abdomen. Always any child presenting with blood in stools carries a higher ,susplcmn of/ /
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this emergency surgical condition.INTUSN can be confirmed by following methods:1) On examination of
abdomen, there is a mass palpable in more than 85% cases of INTUSN and there is a typical sausage-shaped
mass in the right hypochondrium .The recommendation is to palpate the mass when the baby is guiet in between
the spasms of the intestineThis results in the emptiness of the right lower part of the abdomen and standard
textbooks of surgery refer it as a “Sign of dance “of the intestine ie the emptiness in the right lower quadrant
during palpation. 2) A per rectal examination carefully can help the surgeon to feel the intussusceptum and
while removing the finger one can also appreciate the red currant jelly stool tickling out of the rectum'™".3)
Imaging studies are the need of the hour especially the ultrasonography (USG) of the abdomen. Abdominal
Xrays with air enema Barium or contrast enema .assessment of the intestine,Computer Tomography
examination of the intestines are the various modalities used".

Many radiology textbooks mentions different signs in USG of the INTUSN:1) the target sign which
gives appearance of a round soft tissue mass that contains a radiolucent ring of mesenteric fat within the
INTUSN usually at the head of the INTUSN (Figure .2)

G VS IR s e D A T At AL

Fig 2: Acute Hleocolic intussuception in a 10 month old baby — Right side-Bowel within
bowel loop-Target sign in intussusception on ultra sound and second on left side-
Pseudokidney sign in the longitudinal axis.

2) bull’s eye sign results as a result of coiling of the proximal part of the intestine within the distal part,
3) pseudo kidney sign which is the similarity of the mass to a kidney in the longitudinal axis 4) The doughnut
sign is appreciated by USG as concentric bands arranged as alternating echogenic and hypoechogenic areas,
mucosa and muscularis layer of the intestines constitute the echogenic area and submucosa of intestine marks
the hypoechoic bands 5) Another sign of INTUSN is the crescent in a doughnut sign which refers to the
transverse USG appearance of a crescent only on one side of the bowel and is formed by mesentery which is
pulled into the INTUSN . Barium enema or with contrast can reveal following signs 1)meniscus sign is
designated for a crescent of air inside the lumen of the colon and is outlining the apex of INTUSN 2) coiled
spring sign is formed when the Barium passes through the mucosal folds produces a coiled-spring like
appearance 3) claw sign (pinoer defect or shouldering defect) is due to a convex filling defect caused by the
apex of the intussusceptum . Barium enema is the gold standard for diagnosis and also has therapeutic potential
for reducing the INTUSN'>",

The treatment of INTUSN is by hydrostatic reduction under USG.Air enema is used and this reduces
the need for immediate surgery. Hydrostatic reduction of INTUSN has a success rate of over 83%.Usually the
paediatric surgeon waits for 12 hours and repeat the USG to look for any recurrence. There is a chance for
recurrence of INTUSN in about 10 % of children[ 14]. During surgery the trapped part of the intestine is
squeezed out and if complications such as intestinal perforation or gangrene has occurred théf. resection
surgery/laparoscopy surgery was done along with administration of appropriate antibiotic treatment™, :

II. Materials And Methods
Study design: Hospital based Descriptive study

Type of study: Observational study 3 e S
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Study duration: ] vear,June 2018 to June 2019

Study area/location: Department of Paediatrics in collaboration with Department of Paediatric surgery, Amala
Institute of Medical Sciences ,Thrissur,Kerala.

Study population: 63 children who attended the outpatient , inpatient of the Department of Paediatrics and
casualty-emergency, Amala Institute of Medical Sciences ,Thrissur,Kerala. were included in the study.

Sampling procedure: Convenient sampling was used to select the participants for the study among the study
population who suitably fulfill the selection criteria. Written informed consent was obtained from all the
participants.

Inclusion criteria: All children aged below 12 years and diagnosed having INTUSN by clinical examination
and then confirmation by radiological diagnoesis of INTUSN attending the outpatient | inpatient and casualty-
emergency departments of our medical coilege hospital were included in the study.

Exclusion criteria: Children who were above 12 years of age and having diagnosis other than intussusception
were excluded from this study.

Study tools:
A standard proforma was used to collect data for the study.Parents of these children were explained
about the study on INTUSN and the written consent was taken before including in the study.

Data collection: The cases were analysed with special reference to INTUSN. A standard proforma was
prepared to collect the information. A standard proforma included age, sex of the children, types of symptoms
on admission, clinical course and treatment given. Also a proper history of gender weaning habits,
imrmurnisation schedule , time of admission of these children with TNTUSN, socio- economic status of the
family (according to the modified Kuppuswamy scale), duration of stay and the treatment outcome were
analysed. Relevant investigations including complete Hemogram,serum electrolytes with ESR,USG Abdomen
which were done in all these cases with INTUSN were analysed. So a total of 63 children were studied for
INTUSN.

Statistical Analysis

The collected data was analysed using institutional Statistical Package for Social Sciences(SPSS) 2023
software. Clinical variables were studied and their frequency distribution and percentage analysis was done
,then represented as pie chart and bar diagram.

IIL. Results

All case were seen by the Paediatric surgeon and also discussed in detail about the type of INTUSN
and any complications.

The present study revealed a male preponderance of children with INTUSN in 38 boys (60.3%) and 25
were female children (39.68%).

Age group wise ,3(4.76 % )were below the age group of 6 months.23(36.50 % )were between 6
months to | year old children,24(38.09% Owere between | to 2 years,4(6.34%) -between 2 to 3 years,2(3.17%)
were between 3 to 4 years. In the age group 4 to 5 years ,5 to 6 years,6 to 7 years,7 to 8 years,8 to 9 years,9 to
10 years,10 to 11 years,11 to 12 years onc child cach iel{ 1.58 %) of the total study population (Table .1).

DOI: 10.9790/0853-2304035661 www.iosrjournals.org
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Table No 1: Distribution of study population according to age and sex

The majority of children(56%) admitted with INTUSN were from the rural population from in and
around Thrissur district More than 60% belonged to the class 3 according to the Modified Kuppuswanmy
scale. The majority of admissions were in the months of April to July (54%) Regarding the data on time of
admissions from the onset of symptoms the children, presented within 24 hours to the hospital (68%),between
the first and second day in in 24% and the remaining 5 % were brought to hospital in the third and fourth days
and 3 % afler that period( Figure. 3).

Time of admission after onset of symptoms of INTUSN
5% 3%

24%

68% \

B within 24 hours 824 to36hours 7 36to48 hours M after 48 hours



A Study Of Intussusception In Children Admitted In A Medical College Hospital In Central Kerala

Fig 3: Pie diagram showing category of children based on time of admission after onset
of symptoms of INTUSN

Majority of the babies had exclusive breast feeding (53%), but complemenatry feeding was found o be
started carly in the rest of the study population(47%).Bottle feeding was started with supplementary feeding in
28% of these children.Interestingly the population from the urban population (86%) were found to introduce
bottle feeding and early complementary feeding in these babies.

Analysis of the presenting complaints in these babics were seen as following :majority of the children
presented with abdominal pain(96.82%),followed by incessant crying and irritability
(93.65%),vomiting and biood in stools in 90.47% and 77.78% respectively, fever was present in
20.63% and loose stools in 11.11%. Pain in joints (1.57%) and rash in 4.76% children.A child had
pain in joints and rash over the extremities with pain abdomen and was diagnosed to have Henoch
Schonlein purpura (HSP).A maculopapular rash was present in 2 children who had a viral fever.3
children had acute diarhhoeal diseases and USG was done following fever and vomiting revealed
transient INTUSN. A subset of children had the evident mass per abdomen (59%) with 23% having
ahdominal distension. 7.9 % children presented with an acute vira! infection with mild cough and
running nose. About 74 % were dehydrated following vomiting and 11 % following loose stools
(Figure 4). There was a past history of INTUSN in 5 (79.35%) children in the age group less than 4

years.
presenting symptoms in study population with iINTUSN
120
100
80
60
40
20
%
%

" | - - SN

incessant fever vomiting Abdominal Bloodin Loose stools Pain in the Rash

crying pain stools joints

Fig.4 Presenting symptoms in present study as percentage

A routine Hemogram ,ESR( Erythrocyte sedimentation rate) , CRP ( C Reactive protein) and serum electrolytes

was done for all children. The majarity had narmal to mild leucocytosis with pot 111 ils.\ i)
About 5 children had hyponatremia. In the present study a USG was done for all chil
ileo colic type of INTUSN 58(92.06%). The remaining five children had.ileo —ileal typ
(7.93%).Chest xrays and barium enema was not done in any of the children. A repeal:z(‘.l__
children after 12 to 24 hours(figure 5). \ )0\@% 2
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Fig 5: A short intussuception ileo —ileal (in the centre) in a 1 year old child

All the children were admitted in the paediatric surgery ward. All children were monitored for signs of
dehydration,shock,peritonitis and long segment INTUSN crossing from the right hypochondrium to left side by
USG. If the child was dehydrated with dyselectrolytemia appropriate fluid correction was given. The
hydrostatic reduction was done for all children without any of the above mentioned complications by the
paediatric surgeon under USG.Fortunately in the present study only 3 children required open reduction
following surgery.2 children had spontaneous reduction of INTUSN after treating for diarrhoea.One 12 year old
child was better after receiving treatment for vasculitis condition —HSP.The other remaining children
hydrostatic reduction was done(90.47%) (Table .2).
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The child was sedated and a foleys rubber tube 16 F was inserted per rectum under USG.The pre
warmed Saline solution was pushed into the colon through the rubber tubing by connecting the IV set .The
hydrostatic pressure created reduced the INTUSN.

The children admitted with INTUSN was treated according to standard guidelines and sent home by
the fourth day after admission.There was no mortality in the present study.Majority of the children were
discharged on the fourth day 38(60.31%) . 22 (34.92%) children were discharged on day 3 after admission. The
2 children with diarrhoea and one child with HSP after their illness was treated.

IV. Discussion

Intussusception is a condition which requires adequate clinical suspicion and appropriate examination
of the presenting child is vital in its management. Literature review has shed light on the various aspects of
INTUSN especially the male dominance”..Male preponderance of children with INTUSN was seen in other
studies as well,in our study it was 60.3% and female 39.68%. Weilmiller et al in their study found 67% were
males'®. Rajaj et al and Khan et al also in their historic studies found the male predominance (61% and
64%)respectively'.Kumar et al found a male predominance 63% in their study*.

Age group wisc ,there are studies showing that neonatal INTUSN are rare'*”. In our study 4.76 % were
below the age group of 6 months.36.50 % (6 months to one year0,38.1%(1 to 2 year).Other studies are showing
this trend in the prevalence of INTUSN, Justice FA et al found INTUSN to be increased in children below
2years[12] krishnakumar et al INTUSN more seen less than 3 years”.

56% children admitted with INTUSN were from the rural population from in and around Thrissar
district. More than 60% belonged to the class 3 according to the Modified Kuppuswamy scale. Majority of the
babies had exclusive breast feeding (53%), but complemenatry feeding was found to be started early
(47%).There is a hypothesis that early introduction of complimentary feeds and the lack of adequate breast
feeding can jeopardise the maternal immunity required for the babies and can result in INTUSN®. The practise
of exclusive breast feeding(EBF) and the effective implementation of the various strategies promoting EBF has
shown a protective effect in smaller babies .The swelling of the Payers patches and the resultant lymphoid
hryperplasia by introduction of early nutrition can result in INTUSN®5*, The distribution of cases of INTUSN
was done in various parts of the globe",but no seasonal predilection was noted except in a study [25]. The
majority of admissions were in the months of April to July (54%) in our study.

A mcta analysis done by a group of researchers Yee X et al * analysed the various symptoms of these
babies on admission and it was same as in our study. The presenting complaints in our study were abdominal
pain(96.82%),incessant crying and irritability (93.65%). Vomiting was seen more in a study * and abdominal
pain predominant 78.08% in another study'®.

There are many conditions causing INTUSN in adults and in children as mentioned in the subheading
“Introduction”. So a thorough knowledge of the various differential diagnosis is important in the diagnosis of
any child with blood in stools and its approproiate treatment. Literature review shows that the pediatric INTUSN
accounts for only 10 % cases with a definite cause and is usually idiopathic*.Some authors found a seasonal
variation of the INTUSN that co existed with acute viral gastro enteritis resulting in hypertrophy of Payers
patches®. A syndrome called Waugh syndrome was noted in literature search cases with malrotation as a result
of proiapse of the ileo colic region into the ascending colon. This condition is very important as there is non
reduction methods of management of INTUSN 2,

USG is the main modality to diagnose INTUSN.If we note the history of INTUSN it was in 1674 first
mentioned by Barbette of Amsterdam But the advent of USG in 1977 revolutionised its diagnosis.There are
many signs seen in USG of the INTUSN as mentioned in the subheading “Introduction”. USG has a high
sensitivity of 98% to 100% in diagnosing the commonest type namely the ileo colic INTUSN.The diagnosis of
small bowel INTLISN by UISG is challenging even for 2 experienced radiolagist. Apart from the mentioned signs
a muiti-layered “onion skin” round mass on a transverse scan is described. In children any modality of
treatment of INTUSN depends on the type of INTUSN. Ileocolic INTUSN requires hydrostatic reduction by
USG. Fluoroscopic reduction is not utilised now as USG has advantage over it as there is no radiation..A small
bowel INTUSN will have spontaneous reduction.But if persistent and long segment INTUSN will require
surgical intervention. In contrast to ileocolic INTUSN , in small bowel INTUSN there is a | int ¥ and is
invariably associated with pathological lead points .Seican Et al presented a case of idio & il
* in a4 year old child without a lead point in a 4-year-old child” . Literature review m
children lead points are there and as age advances it is seen to increase and ultimately

V. Conclusion:

An intervention including early detection, thorough clinical observation and
INTUSN and its possible complications as per recent guidelines would surely
morbidity among these babies and children admitted with INTUSN. One shouid know the
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acﬁng&yw&hhydmﬂﬁkm&wﬁm,hﬁifchiﬁmmuﬂhlmgsegmmpmhpsemth ischemia and
necrosis ,the mortality increases requiring definitely surgical intervention. So a thorough knowledge of all the
aspects of INTUSN is pertinent in its management.
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ABSTRACT

Background: The topic of antibiotic prescription and an
undergraduate curriculum; however, the newly passed-o
antibiotics when they practice. The impact of teaching

colleges still remains uncertain.

Aim: This study aims to assess the knowledge, attitude,
antimicrobial resistance among medical interns from a teachi
Methods: This questionnaire-based study evaluated the kno
interns toward antibiotic use and antimicrobial resistance.

timicrobial resistance is an integral part of the Indian medical
ut medical interns find it difficult to prescribe the appropriate
about antimicrobial resistance and antibiotic use in medical

and level of preparedness regarding antibiotic use and
ng hospital in Keraia, india.

edge, attitude, and level of preparedness among medical
The assessment included 20 knowledge questions {max

score: 26). five attitude questions (max score: 5), and cight preparedness questions (max score: 8). A passing score of
60% was set for each category, with scores below this threshold considered as poor performance. Participants included

medical interns from the 2018 batch, who were nearing

the end of their internship, and those from the 2019 batch, who

had just started their i-ycar intornship. This sudy was done from June to October 2024.

Results: The study involved 85 medical interns (43 from th

e 2018 batch and 42 from the 2019 batch). fi-was observed

that 98.8% (n = 84) interns displayed good general knowledge about antibiotics, but with regard to specific topics, only
44.7% (n = 38) interns showed good knowledge about antibiotic resistance and only 47.1% (n = 40) interns showed
good knowledge about clinical scenarios. The overall knowledge score showed that 70.6% (n = 60) of interns have
good knowlcdge rcgarding antibiotic usc. With regards to overall attitude, 94.1% (n = 80) of the interns displaycd a
good attitude. In terms of preparedness, 55.3% (n = 47) of interns displayed a good ievel of preparedness o us¢ and
prescribe antibiotics. Both batches showed similar knowledge (69.8% for 2018 and 71.4% for 2019) and attitude
scores (90.7% and 97.6%). With regard to the level of preparedness, the 2018 batch showed a statisticaily significant

good level of preparedness in using and prescribing anti
=0.0001).

biotics compared to the 2019 batch (74.4% and 35.7%, p-value

Conclusion: The study shows that the medical interns have a good theoretical knowledge and understanding of
antibiotics, but the study also emphasizes the importance of training interns with regard to attitude and practice toward

antibiotic use and antimicrobial resistance. This study also

reveals the importance of bedside teaching and I-year

internship in improving the tevel of preparedness toward antibiotic use among medical interns.
Keywords: Knowledge, attitude, level of preparedness. antimicrobial resistance, medical interns.

Introduction

AcoordjngmtheWMdHealﬂ!&ganisaﬁnuM
contributes to &l icast 700,000 deaths globally (Dadgostar
2019: Murray ef al., 2022; Naghavi erf al., 2024).AMR
resources analysis revealed that AMR could lead to an
economic loss of trillions by 2050 through causes such
as healtheare, productivity and trade, and food security.
AMR complicates the effectiveness of managing day-to-
day infections with discases such as pneumeonia, UTI,
and sepsis (Inoue 2019; Gramt and Saux 2021; Abbott
et al., 2023; Ferdinand et al., 2023; Tamma ef al.,

2024). According to the Centre for Disease Dynamics,
Fconomics & Policy estimate for 2015, AMR will cause
2 million deaths per year by 2050 to India besides sepsis
killing over 50,000 newborns in the same year {Dixit
et al., 2019; Kalra et al., 2022; Ahmed e al., 2024).
India is ranked highly in the global list of resistance to
antimicrobial agents that are used in both human and
food animals (Taneja and Sharma 2019; Bhatia 2024;
Rana ef al., 2024). India is ranked highly inthe global list
of resistance to antimicrobial agents that arc used in both

£

human and food animals and W-Kuala(‘mvevﬁ;\( s
[2 Ly
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strategic plan for fighting AMR called Kerala Antibiotic
Resistance Strategic Action Plan (Nambiar 2020; Barik
et al., 2023), Kerala will be the first state to have AMR
committees in all 191 block panchayats to build up
AMR literacy in grassroots. The standardization and
the guidelines of the working of the block-level AMR
committees are published by the Kerala government and
all the hospitals will become ‘antibiotic smart’ (Mathew
et al, 2024; Raju et al., 2024).

In Indian medical schools, even though there are multiple
teaching sessions on antibiotic prescription and resistance
as part of the phase II competency-based medical
education curriculum, the attitude and practice toward
antibiotic use and resistance seem poor and require
significant improvement, which was described m the
cross-sectional conducted by Gupta et al. (2019)
that included 103 medical colleges distributed across 22
states of India, in which the majority of the data came
{rom the central and northern states of India (Gupta et al.,
2019) with very limited information from the southern
states such as Kerala. Hence, our study from Kerala,
India would be of great relevance. The objectives of this
study are to evaluate the knowledge, attitude, and level
of preparedness about antibiotic use and antimicrobial
resistance among medical intems doing their I-year
compulsory rotatory internship after completing their
undergraduate education, which is a prerequisite to
become a registered medical practitioner in India.

Methods

A cross-sectional study was conducted among medical
intemns to evaluate knowledge, attitude, and level of
preparedness about antibiotic use and antimicrobial
resistance using an online guestionnaire given as a
Google Form, which was developed by Lubwama et
al. (2021) The Google Form was set up in a way that
only one response was allowed from a particular email
to ensure that multiple attempts were not made by the
participants. This instrument has 20 questions about
knowledge with a total score of 26; five questions on
attitude with a total score of 5 and eight questions about
level of preparedness, which has a total score of 8. The
passing criterion was set at 60% for each parameter,
i.c., knowledge, attitude, and level of preparedness.
With scorcs below 60%, the candidate was deemed to
have poor score and score equal to and above 60% was
considered as good score within each parameter. At the
time of recruitment for this study, we had two batches of
interns {2018 batch and 2019 batch) 106 in each batch
doing the internship in our medical school. The 2018
batch was about to complete their 1-year compulsory
internship within a month, and contrary to this, the 2019
batch just joined the internship in less than a month,
Therefore, the 2018 batch has had extensive bedside
training in various clinical departments of about 10-11
months and the 2019 batch was new 1o this internship
with very limited training. This study was done from
June 2024 to October 2024. We followed a universal

sampling, as we wanted to include all the interns who
were willing to participate in this study as we had only
a total of 200 interns from both batches. This study
was conducted in a tertiary care teaching hospital and
was approved by the Institutional Ethics Committee
with the approval number: 20/EC/24/AIMS-24 dated
07.05.2024.

Statistical analysis

The analysis was done using IBM SPSS version 23
(Armonk, NY: IBM Corp). Mean +SD (standard
deviation) was calculated for age and frequency taken
for age, gender, and year of enrolment. Knowledge,
attitude, and preparedness scores were analyzed as
descriptive statistics and the comparison between the
2018 and 2019 batches was anaiyzed using Fisher’s
exact test for knowledge and attitude, while the chi-
square test was considered for comparing preparedness
to find the association between batch (or internship
training) and preparedness. A p-value < 0.05 was
considered significant.

Results
A total of 85 interns (n = 43) from the 2018 batch and
(n = 42) from the 2019 batch participated in this study
out of a total of 200 interns who were doing internship at
the time of this study. The total age group of participants
ranged between 23 and 26 years, of which 75.3% (n
= 64) were females and 24.7% (n = 21) were males.
The results about knowledge of antibiotics, resistance,
clinical scenarios, and overall knowledge score are
depicted in Figure 1. It was observed that 98.8% (n =
84) interns displayed good general knowledge about
antibiotics, but with regard to specific topics, only
44.7% (n = 38) interns showed good knowledge about
antibiotic resistance and only 47.1% (n = 40) interns
showed good knowledge about clinical scenarios. It is a
cause of concern to see that 55.3% (n =47) and 52.9% (n
= 45) interns displayed poor knowledge about antibiotic
resistance and in clinical scenarios, respectively. The
overall knowledge score showed that 70.6% (n = 60)
of interns have good knowledge and 29.4% (n = 25) of
interns have poor kmowledge regarding antibiotic usc.
The results on attitude and perception on antibiotic use
are depicted in Figure 2. With regard to overall attitude,
94.1% (n = 80) of intcrns displayed a good attitude,
while 5.9% (n = 5) of interns displayed poor attitude.
However, with regard to specific attitude about over-the-
counter use of antibiotics without prescription and use
of icfiover antibiotics, 43.5% (n = 37) and 37.6% (n =
32) of interns, respectively, showed poor attitude. With
regard to the level of preparedness, as shown in Table 1,
only 55.3% (n — 47) of interns displayed a good level
of preparedness, while 44.7% (n = 38) displayed a poor
level of preparedness to use and prescribe antibiotics. Our
results as shown in Table 2 indicate that both the batches
(2018 and 201Y) displayed similar scores with regard to
knowledge (69.8% and 71.4%, respectively) and attitude
(90.7% and 97.6%, respectively), as shown in Table 3. *
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Fig. 1. Knowledge about antibiotics, resistance, total score in clinical scenarios, and totai score among

medical interns.
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Fig. 2. Attitude and perception of antibiotic use among medical interns.

However, with regard 1o the level of preparedness, as
shown in Table 4, the 2018 batch showed a statistically
significant good level of preparedness in using and

ing antihiotics compared to the 2019 batch
(74.4% and 35.7%, p-value = 0.0001).

Discussion

The results from our study show that even though
the overall knowledge and general knowledge about
antibiotics is good among interns, when it comes to
knowledge about antibiotic resistance and various
clinical scenarios, the knowledge is poor among the
majority. Bothbatches(2018and 2019) displayed similar
knowledge and attitude about antibiotics, resistance,

and use in clinical scenarios overall. However, it is a
cause of concern to sec that there are interns who still
practice over-the-counter use of antibiotics without a
prescription and keep leftover antibiotics for future
use. This shows that more training is required about
antibiotic resistance and attitude toward antibiotic
prescription among interns. With regard to the level
of preparedness, the 2018 batch showed a statistically
significant good level of preparedness in using aond
prescribing antibiotics compared to ‘the 2019,
Thc.ﬂlﬁbetdﬂmakrmzbmﬂmﬁnﬂ' ’
compulsory rotatory int '

departments, but, with 1‘9
just joined the intemship.
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Table 1. Lovel of preparedness about antibiotic use among medical interns.

Prepared Not prepared

N Y N Ya

Know whether to give an antibiotic or not? 61 71.8 24 2382
.i(mw hew ze scbm the b:s! aﬂ!ihietic" 27 318 58 68.2
Know when to swm:h fmm an mtravenous ant:tm)hc to ml rcg1rnm‘? 43 50.6 42 494
Know the correct and relevant specimen to collect for an infection? 66 716 19 14
Distinguish between normal flora and a true pathogen from a microbiology report? 49 576 36 424
Understand resistance mechanistns based on a mictobiology report? R 300 iaas
Total 47 553 38 447

Table 2. Comparison between 2018 and 2019 batch medical interns about knowledge on antibiotics,
resistance, and clinical scenarios.

66

o’ Vear of enrolment
Knowledge Total p-value (chi-square)
2018 2019
1ot Good 42 (97.7%) 42 (100%) 84
About antibiotics 0.2417
Poor 1 (23%} 0(0%] 2l _
i Poor 23_(53;5§u_ﬂ : 2”57 l%ﬁ - 47 :
Good 46.5% 7.
Clinical scenarios N i 4(_] 0919
3 Poor 23 (53 5%} 22 (524%) _ 45
# Fisher's exact test.
Table 3. Comparison between 2018 and 2019 baich medical Table 4. Comparison between 2018 and 2019 batch medical
interns about attitude toward antibiotic use. interns about level of preparedness on antibiotic use.
Year of enrolment Year of enrolment
Aftitude Total Preparedness Total
2018 2019 2018 2819
Good 30(99 7%) 41 (97.6%) 20 Prepared 32(744%) 15(35.7%) 47
P 4639 (@D 5 Newwed GO0 NG %
Total 43 42 85 Total 43 42 85

Figher's exact p-value <. 161.

to use antibiotics among the 2018 batch can be
attributed to the hands-on training they received during
their internship, which was lacking in 2019 as they just
joined internship. Our assumption why the 2018 batch
showed improved preparedness compared to the 2019
batch is that our medical students in India during their
training from first year to final year, the bedside clinical
teaching mainly focuses on history taking and physical

Chi-gquars test prvaluc— G.6001.

examination of the patient. There is not much focus
on the day-to-day medical management of the patients
and the undergraduate students are also not part of the
daily clinical rounds and follow-up of the patients.
Such practical and important Clinical training happens
at the time of the |-year compulsory rotatory Imr.mship
during which the medical interns are posted in various
clinical departments and are given the responsibiliy
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of medical management of out-patients and in-patients
under the supervision of a faculty, who trains them on
how to treat and follow-up the patients until discharge
from the hospital, and it is during this time that the
medical interns actually go through the case sheets
and understand more about the various commonly
used drugs in clinical practice and how it benefits the
paticnts. They also get trained practically about the
rational and judicious use of antibiotics during this
internship. This highlights the importance of bedside
training received during internship and how much the
students can learn by being actively involved in direct
patient care under proper supervision.

Ina 2021 study by Lubwama ez al. (2021) in East Africa,
the age group found was 25.5 years, our study where
the mean age among the medical interns of the study
was 24.24 (SD = 0.840) years, Our study had 75.3% (n
=64) and 24.7% (n = 21) females and males. In the East
Africa study, the total knowledge good score ranged
between 55% and 67 %, which was less than our study
that displayed a total knowledge good score of 70%.
Our intems displayed much more overall knowledge
about antibiotics. In the East Africa smdy (2021),
the mean good scores for general knowledge about
antibiotics, knowledge about antibiotic resistance, and
knowledge about antibiotic use in clinical scenarios
were 95%, 54%, and 46%, respectively, which was like
our study (98 8%, 47.7%, and 47.1%, respectively). In
the same study with regard to general attitude toward
over-the-counter use of antibiotics, 61% of medical
students showed poor attitude, while in our study, it
was only 43.5%, which was showing poor attitude. Our
study showed that the proportion of interns showing
poor attitude was lesser compared to other studies,
but still, 43% is a good number and it is a cause of
concern, because these interns are future primary care
physicians of our country. In the East Africa study
(2021}, with regard to the level of preparedness, 70.1%
of final-year students perceived themselves to be
prepared to use antibiotics appropriately while working
at the district hospital, while in our study, only 55.3%
perceived themselves o be prepared (Lubwama et
al., 2021). In another study conducted in UAE (2019)
by Jairoun et al. (2019)the average knowledge and
attitude good score was 59% and 76% (Jairoun er al.,
2019), while in our study, the average knowledge and
attitude good score was 70.6% (n = 60) and 94.1% (n
= B0), respectively. Our study showed that our interns
have better knowledge and attitude toward antibiotic
use. In another Chinese study (2018) conducted by Hu
et al. (2018) 64% of medical students kept leftover
antibiotics for fuwre use. On the other hand, our result
displayed only 37.6% (n = 32) of medical interns kept
leftover antibiotics for future use, which was far better
than the Chinese study (Hu et al., 2018). Tn a Columbian
study (2018) conducted by Higuita-Gutiérrez ef al.
(2020) the overall knowledge and attitude score was
more than 80% compared to our study, which reported

70.6% (n = 60) and 94.1% (n = 80), respectively. Tt
also showed that antibiotic consumption in the last
year was 49.1%, while our study showed that 76.5%
(» = 65) consumed antibiotics up to 3 times in a year.
It was also observed that 80.3% of the antibiotics sold
were without prescription, while our study displayed
43.5% (n = 37) (Higuita-Gutiérrez e/ ul., 2020). Even
though our study demonstrated better practice on using
antibiotics and using it with a prescription, still 43.5%
using antibiotics without prescription is a concern as
these practices can have a major impact in the future
and even small mistakes with regard to antibiotics
cannot be accepted. In a study conducted in 2019, in
India by Gupta ef al. (2019) the level of knowiedge
about antibiotics was quite high (91.8%) like our study
that displayed 98.8% (n = 84). With regard to attitude,
almost 66% kept leftover antibiotics for fufure nse and
around half bought antibiotics without prescription,
while our study showed only 37.6% (1 = 32) and 43.5%
(n=237) (Gupta et al., 2019).

This study has some limitations as wc considered only
interns from a single center, so we were forced to do a
universal sampling without a sample size calculation
as we had a small size of interns in our center. In the
future, we recommend more similar studies, which are
conducted as multicentre studies involving medical
colleges across states and nation.

Conclusion

This study shows that more emphasis should be given
to training interns with regard to attitude and practice
toward antibiotic use and antimicrobial resistance.
Another aspect that this study shows is that bedside
teaching and clinical training improve the preparedness
toward untibiotic use among medicai interns and
prepare them for future as they become primary care
physicians,
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ABSTRACT

Background: Lung cancer is a leading cause of cancer-related deaths worldwide, including India, where it accounts for
5.9% of cancer cases and 8.1% of cancer-related mortality. Differentiating between major histologic subtypes of non-
small cell lung carcinoma (NSCLC)-adenocarcinoma (ACA) and squamous cell carcinoma (SCC) is crucial due to
significant differences in treatment response. Our study addresses the THC profile of NSCLC in a tertiary care centre in
South India. We have also deliberated whether a 2 panel THC markers would be sufficient for the final diagnosis in a
resource poor setting as compared to the traditional 4 THC panel.

Methods: A hospital-based cross-sectional study (2018-2022) analysed 319 histologically confirmed poorly
differentiated NSCLC cases. IHC markers (TTF-1, Napsin A, p63 and p40) were used for subiyping per WHO
classification. Staining patterns were semi-quantitatively scored against controls. Sensitivity, specificity, PPV, NPV,
and overall accuracy were calculated. Data analysis was performed using SPSS v23.

Results: Of the 319 cases, ACA was the most common (65.2%), followed by SCC (31.03%). Males accounted for
81.2% of cases, with the peak incidence in the 62-66 age group. For ACA, TTF-1 had higher sensitivity (97.17%)
compared to Napsin A (83.49%), while Napsin A showed better specificity (96.04%). For SCC, p63 demonstrated
higher sensitivity (93.07%) than p40 (78.22%), while p40 had better specificity (89.62%).

Conclusions: The study highlights the need for tailoring the IHC panel to suit the histopathological specimen in order
to clinch the final diagnosis. In finance effectiveness, two marker panel can also be used.

Keywords: Immunohistochemistry, p63, TTF-1, Napsin-A, Squamous cell carcinoma, Adenocarcinoma

INTRODUCTION their response to chemotherapy highlight the importance
of accurate subtyping. Notably, certain drugs, such as
In India, lung cancer ranks among the prominent cancer bevacizumab, pose risks for SCC patients duel t(.} fatal
sites, comprising 5.9% of total cancer cases and 8.1% of hemorrhage observed in these patients.” Gefitinib and
all cancer related deaths. Kerala exhibits a concerning erlotinib demonstrate greater effectiveness in treating
surge in lung cancers in both males and females with lung ACA compared to SCC in NSCLC‘-J_ Conversely,
cancer ranking in the top 5 cancers in both sexes (male- Pemetrexed, an antifolate agent, exhibits enhanced
20.8% and female-4%).' efficacy in non-SCC cases.* These distinctions in drug
response underscore the importance Of ae;’.:esmtanng
Recent strides in NSCLC treatment and molecular tailored treafment strategies. (S v O\

diagnosis underscore the necessity to differentiate between . o
major histologic subtypes-ACA and SCC. Disparities in The clinical application of targ
heavily reliant on accurate his
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This is especially crucial for patients with advanced-stage
disease (stage 111 and IV) and metastatic NSCLC, where
surgical resection is often not an option. About 70% of
lung cancer cases are diagnosed when the disease has
already reached an advanced stage and is deemed
unresectable.” 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 through
histomorphologic examination using hematoxylin and
eosin stained slides, which remains a fundamenta!
approach in clinical practice.%” However there remains a
subset of carcinomas which are poorly differentiated and
which require IHC for their final diagnosis.

Retrospective studies done in USA showed that a 2-marker
panel of TTF-1/p63 is sufficient for subtyping the majority
of ACA and SCC, and addition of Napsin A is useful in
only subset of cases. Whereas performing expanded 4-
marker panel (TTF-1, Napsin A, p63, p40) upfront is time-
efficient option for specimens with sufficient cellularity.*

Recent studies have explored the potential of combining
multiple IHC markers to improve the subclassification of
NSCLC. These investigations have shown promising
results, particularly with dual markers. For instance, a
combination of TTF-1 and Napsin A demonstrated 74%
sensitivity and 87-96% specificity in identifying lung
ACA using fine-needle aspiration material. Similarly, the
dual marker of p63 and CKS achieved 100% sensitivity
and specificity for identifying lung SCC with FNA
samples. Additionally, lung tumor tissue microarray data
revealed that a combination of TTF1 and p40 provided
93% sensitivity and 92% specificity for diagnosing SCC.
These findings suggest that dual or triple [HC markers can
offer comparable sensitivity and specificity to individual
markers while also minimizing the amount of tumor tissue
required for accurate histological subclassification.®"?

Research encompassing a broad age range and a
substantial patient cohort, particularly focused on small
biopsy specimens, is limited in India.'* Consequently, our
study aims to fill this gap by investigating the
immunoprofiling of poorly differentiated lung carcinoma
using markers such as TTF 1, Napsin, P63, and P40,

Our objective is to evaluate the practicality of [HC markers
in subtyping poorly differentiated NSCLCs based on
biopsy specimens. This comprehensive approach seeks to
enhance our understanding of the IHC characteristics of
poorly differentiated NSCLCs, particularly in the context
of diverse patient demographics and the challenges posed
by small biopsy samples in the Indian population.

METHODS

The research adopted a hospital-based cross-sectional
design conducted over a 4-year period (2020-2024) at
Amala instj f medical sciences, Kerala, India,

focusing on 319 histologically confirmed cases of lung
carcinomas. The sample size was calculated using
statistical methods (n=Z?1-w2pg/d’)."* The study
exclusively involved small biopsy specimens from patients
with poorly differentiated NSCLCs, subjected to
immunohistochemical analysis using four markers: TTF-
1, Napsin, p63, and p40. Exclusions comprised biopsy
specimens for non-malignant lung pathology, large
resection specimens, and lung biopsies with prior
neoadjuvant chemotherapy or radiotherapy. The formalin-
fixed endobronchial biopsy from all cases underwent
processing and paraffin embedding. Multiple 3-5 mm
sections were stained with hematoxylin and eosin (H and
E), and subtyping of lung carcinomas was performed
based on WHO classification of lung tumors.!'s
Immunohistochemical examination employed a soluble
complex method. Four-micrometer-thick sections were
prepared on poly lysine-coated slides, subjected to
overnight incubation at 37°C and one hour at 60°C,
followed by dewaxing in xylene. Hydration, antigen
retrieval, and staining procedures ensued.

Figure 1 (A-D): A-Napsin A staining of lung biopsy
specimens diagnesed as ACA. B-TTF-1 staining of
lung biopsy specimens diagnosed as ACA. C-p-63
staining of lung biopsy specimens diagnosed as SCC.
D-p-40 staining of lung biopsy specimens diagnosed as
SCC.
A-Granular cytoplasmic staining of lung biopsy specimens that
were diagnosed as ACA. Rabbit monocional antibody Napsin-A
was used for immunohistochemical staining. B-Nuclear staining
of lung biopsy specimens that were diagnosed as ACA. Rabbit
monoclonal antibody TTF-1 was used for immunohistochemical
staining. C-This figure shows the nuclear staining of tumor cells
in lung biopsy specimens that were diagnosed as SCC. Rabbit
monoclonal antibody p-63 was used for i i i
staining. D-Nuclear staining of squamous cells in lung hiopsy
specimens that were diagnosed as SCC Rabbit monoclonal
antibody p-40 was used for immunohistoshemical staining,

.
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The employed antibodies for immunohistochemistry were
as follows: Rabbit monoclonal antibody p40, mouse
monoclonal antibody p63, rabhit monoclonal antibody
TTF-1 and rabbit monoclonal antibody Napsin-A.

Cytoplasmic staining indicated positivity for Napsin-A,
while nuclear staining indicated positivity for TTF-1, p40,
and p63. (Figure 1 A-D) Immunoreactivity was semi-
quantitatively scored based on the percentage of reactive
tumor cells, with pneumocytes and bronchial basal cells
serving as internal controls.

Subsequent analysis, conducted using SPSS version 23,
focused on immunoprofiling and its correlation with
various subtypes of poorly differentiated NSCLC in terms
of sensitivity and specificity. This approach aimed to
identify an effective and efficient pancl of two
immunohistochemistry markers out of four (TTFI,
Napsin-A, p63 and p40) in aiding the categorization of
poorly differentiated NSCLCs.

RESIILTS

The 319 cases of poorly differentiated NSCLC were
diagnosed during the 4-year period from 2020 to 2024, Of
these, ACA accounts for 65.2% (208 cases) followed by
SCC 31.03% (99 cases), adenosquamous 1.2% (4 cases),
not otherwise specified 0.6% (2 cases) (Figure 2).

Out of 319 cases of NSCLC 267 (83.6%) occurred in males
and 52 (16.4%) in females. Incidence of NSCLC peaked
among patients aged 55-69 years (Figure 3 and Table 1).

Subtyping of NSCLC was based on the algorithm followed
by the IATC/ATS/ERS international multidisciplinary
team.

We started off, with the hypothesis that p63 and p40 are
positive in cases of SCC s whereas TTF-1 and Napsin-A
are positive in ACA.

Statistical analysis showed that: In the case of ACA (Table
2), TTF-1 is the more sensitive marker with a sensitivity
0f 97.17% as compared to Napsin-A (83.49%) and Napsin-
A is the more specific marker with a specificity of 96.04%
as compared toTTF-1 (92.08%).

In case of SCC (Table 3) p63 is the more sensitive marker
with a sensitivity of 93.07% as compared to p40 (78.22%)
and p40 is more specific marker with a specificity of
89.62% as compared to p63 (80%), (Figure 4).

Co-expression profiles of TTF-1 and Napsin showed
double positivity in 168 cases (80.7%). Co-expression
profiles of p63 and p40 showed double positivity in 74
cases (74.7%).

In the case of adenosquamous carcinoma both TTF-1 and
p63 were seen to be positive in the 3 cases. One case of
adenosquamous carcinoma showed positivity for Napsin-
a TTF-1 and p63.

In the specimens of NSCLC NOS (not otherwise
specified), a clear algorithm could not be decoded with
positivity being highly variable in the 2 cases.

Table 1: Age at the time of diagnosis and sex of the patient during the 4-year study period in patients with poorly
differentiated NSCLC, (n)=319.

Lpnp cancer cases : 20149 22020
0-54 13 27
55-69 28 46
=70 18 35
Sex :
Male 52 89
Female 7 20

Table 2: Statistical parameters of
immunohistochemical markers Napsin-A and TTF-1.

Statistical parameter NAPSIN- A
Sensitivity 97.17%  83.49%
Specificity 92.08%  96.04%
Positive Iikclihood ratio 12.27 21.08
Negative likelihood ratio  0.03 0.17
Positive predictive value ~ 96.26%  97.79%
Negative predictive value  93.94%  73.48%
Accuracy 95.53%  87.54%

Napsin-A and TTF-1 used for staining lung biopsy specimens
diagnosed as ACA via histopathological parameters. SPSS
version 23 was used for statistical analysis.

i Total Pereent (o)
19 7 66 21
53 a5 162 51
20 18 91 28
76 L 50 267 83.60
16 10 52 16.40

Table 3: Statistical parameters of
immunohistochemical markers P63 and P40.

Statistical parameter

93.07%

Sensitivity - 78.22%
Specificity 80.66% 89.62%
Positive likelihood ratio 26.86 7.54

Negative likelihood ratio 0.07 0.24

Pogitive predictive value 93.07% 78.22%
Negative predictive value 96.5 3% _ .89 62%
Accuracy 9 91%

P-63 and p-40 used for staining lung bi sgr,gpec:mm qsed
as SCC via histopathological {m/SPSS msmq 23 g
used for statistical analysis. ! n)
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SPECIFIED

Figure 2: Final diagnoses of the patients in the study
group.

This chart shows the relative prevalence of the different non-
smal! cell lung cancer subtypes based on histopathology which
was taken as our gold standard-ACA: (65.20% ), SCC: (31.03%),
adenosquamous: (1.20%), not otherwise specified: (0.60%)-(not
otherwise specified refer to the samples which show an uncertain
histopathology as a consequence of small sample sizes and highly
heterogeneous tumors, which limit the consistency and accuracy
of subtyping using bronchoscopic biopsies.
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Figare 3 (A and B): A-Gender distribution and year
of diagnosis of patients with poorly differentiated
NSCLC. B-Age at the time of diagnosis during the 4-
year study period in patients with poorly
differentiated NSCLC.

A-The graph shows an 83.6% prevalence in males and 16.4% in
females. B-The incidence of NSCLC peaked among patients

aged 55 to 69 years.
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Figure 4 (A and B): Sensitivity and specificity of
immunohistochemical markers Napsin-A and TTF-1.
B- Sensitivity and specificity of immunohistochemical

markers p-63 and p-40.
Used for staining lung biopsy specimens diagnosed as ACA via
histopathological parameters. SPSS version 23 was used for
statistical analysis. In the case of ACA, TTF-1 is seen to be the
more sensitive marker whereas Napsin-A is the more specific
marker. Used for staining lung biopsy specimens diagnosed as
SCC via histopathological parameters. SPSS version 23 was used
for statistical analysis. In the case of SCC, p-63 is seen to be the
more sensitive marker whereas p-40 is the more specific marker.

DISCUSSION

Lung cancer is the leading cause of adult cancer-related
deaths in most countries, and non-small-cell carcinomas
comprise about 80% of these cases.'® The global lifetime
risk of developing lung cancer is estimated to be 1 in 13
for men and 1 in 16 for women. with smokers facing a
markedly higher risk compared to non-smokers. Despite
significant advancements in therapeutic strategies over the
past few decades, the prognosis for lung cancer patients
remains dismal, with a 5-year overall survival rate stagnant
at around 15%. This underscores the urgency for continued
research and innovation in early detection, prevention, and
treatment modalities to improve patient outcomes. !’

This 4-year analysis represents one of the largest single-
center studies in India, focusing on a substantial sample
size of non-small cell lung cancer cases and uncovers
several notable trends. The average age of our patients was
60 years, which is similar {o that reported in previous
studies conducted on Indian cohorts.'*'* Our study showed
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a peak in incidence among patients aged between 55-69
years. While the risk of developing lung cancer rises
significantly after the age of 70, our study included fewer
patients in this age group, likely due to mortality from
other causes and comorbidities before a lung cancer
diagnosis could be made.

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

Of the 319 cases of poorly differentiated NSCLC ACA
accounts for 65.2% followed by SCC 31.03%. This is
similar to the studies of Thai et al and Travis et al which
showed 50-60% of ACA cases and 20-30% of SCC cases
in their respective study populations.**?!

Since the 2004 WHO classification, therapeutic advances
for NSCLC have been closely linked to precise histologic
classification. Morphologic diagnosis forms the basis of
diagnosis of NSCLC and is further supplemented by a
panel of immunochistochemical markers. Tumor cells in
ACA are positive for TTF-1, Napsin and cytokeratin-7.
SCCs are positive for p-63, cytokeratin-5/6 and NTRK-1
and NTRK-2." These developments have underscored the
importance of distinguishing between subtypes of
NSCLC, as treatment responses vary significantly. For
example, patients with ACA or NSCLC-NOS have shown
greater responsiveness to pemetrexed compared to those
with SCC.? Additionally, the use of bevacizumab in lung
cancer treatment has raised concerns, as it has been
associated with life-threatening hemorrhage in patients
with SCC, leading to its contraindication in this
subgroup 2 These findings emphasize the critical role of
accurate histologic classification in guiding treatment
decisions and improving patient outcomes.

TTF-1 has long been the predominant IHC marker for
identifying lung ACA, with a reported sensitivity of 75%
to 80%. However, TTF-1 is not entirely specific to lung
tissue, as it can also stain other tissues and tumors,
including thyroid tissue, metastatic breast carcinoma, and
neuroendocrine tumors like small cell lung carcinoma and
carcineid. TTF-1 is a nuclear protein, that regulates the
transcription of lung-specific genes for surfactant and
Clara cell secretory proteins. Additionally, TTF-I
expression decreases with wmor dediffereniiation, making
poorly differentiated ACAs less likely to express this
marker.?*

Bishop et al observed that 69 of 95 (73%) ACA s to be
positive for TTF-1, whereas Folpe et al and Kaufmann et
al also observed TTF-1 expression in 90-100% of small
cell lung carcinomas.?* Studies by Balakrishnan et al
also observed 100% sensitivity and specificity for TTF-1
in diagnosing ACA.'*

Recently, Napsin-A has emerged as a novel marker for
lung ACA, particularly for well to moderately

International Journal of Research in Medical Sciences | June 2026.| Vol 13 | Issue

differentiated tumors. Napsin is also a promising marker
and has been detected in the cytoplasm of type 2
pneumocytes and alveolar macrophages.?’ Studies have
shown that Napsin-A performs comparably or even better
than TTF-1 in determining lung origin in these cases.
Napsin A has been evaluated on surgically resected lung
cancers and has been found to be positive in a recent study
in 79 of 95 (83%) of lung ACA s and negative in all 46
lung SCC in the study by Bishop et al.?* Napsin A is
moderately sensitive (79-85%) and highly specific (100%)
for ACA.1S

However, in our study, TTF-1 demonstrated a higher
overall sensitivity (97.17%) compared to Napsin
(83.49%). Napsin-A expression is also noted in the
cyioplasm of normal lung cells and kidney celis, as weii as
in renal cell carcinomas, which must be considered when
interpreting results.?26%7

Our findings are consistent with previously reported
studies, which demonstrate the usefulness of TTF-1+
Napsin A dual coler immunostaining in distinguishing
lung AD C versus SCC.2%* Stoll et al have also reported
that combined application of Napsin A and TTF-I
immunomarkers may be necessary to improve diagnostic
accuracy in lung ACA.»

The human ‘p63° gene, located on chromosome 3¢27-29,
produces two types of proteins through two promoters: the
full-length TAp63, containing the N-terminal
transactivation domain, and the truncated ANp63, which
lacks this domain, The ANp63 isoform can be specifically
identified by the p40 antibody, while the full-length
TAp63 is detected using the p63 antibody (4A4). p63 is
expressed in the normal respiraiory epitheliam of the
central air conducting system and does not carry any
prognostic implications in NSCLC patients.”'

Recent studies have demonstrated that p40 exhibits
exceptional performance in identifying SCC, with reported
sensitivity and specificity of 100% and 98-100%,
respectively. Antibody p40, identifies ANp63, its use for
distinction of lung SCC and ACA was only recently
studied. p40 is consistently predominant isoform
expressed in SCC.> Studies by Bishop et al and Nonaka
showed that p40 has 100% sensitivity and specificity in
lung SCC.?** Another study by Tacha et al reported an
85% sensitivity and 98% specificity.™

The sensitivity of p-63 ranges from 75% to more than 95%,
whereas the specificity for SCC is between 70% and
100%."* Immunostaining for p63 has been described as the
single best marker to separate ACA from SCC, with a
sensitivity of 84%, and specificity uf 85% for SCC. ®

In our study, p63 was observed tu bc she more se ve
marker, with a sensitivity of 93.07%, compared to p40is

78.22%. Conversely, p40 showed greater specifi ci%

89.62%, compared to p63, which had a sPec:ﬁeny of
These findings suggest tha"t\ 1:63 and P40
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complementary roles in SCC diagnosis, with p63
providing higher sensitivity and p40 offering greater
specificity,

The co-expression analysis of TTF-1 and Napsin-A
revealed that both markers were positive in 168 cases
(80.7%), highlighting their strong association with ACA
phenotypes. In the study conducted by Fatima et al showed
that dual TTF-1/Napsin A has a sensitivity of 74% and
specificity of 87% for diagnosing ACA and, hence, is
useful in differentiating ACA from SCC.*

Similarly, co-expression of p63 and p40 showed dual
positivity in 74 cases (74.7%), affirming their relevance in
SCC diagnosis. Notably, in the three cases of
adenosquamous carcinoma, TTF-1 and p63 were both
positive, indicating the mixed histologic nature of these
tumors.

Analysis of co-expression profiles showed that co-
expression of p63 and CK5/6 irrespective of TTF1 and co-
expression of p63 and CK5/6 in TTF-1 negative tumor
both were 100% sensitive and specific for SCC s in a
similar study conducted in an Indian cohort.’ Further it
was also observed that TTF.1 positive and p63 negative
co-cxpression profile showed 100% specificity in
diagnosing ACAs,'*

Interestingly, one case of adenosquamous carcinoma
demonstrated triple positivity for Napsin A, TTF-1, and
P63, further supporting the dual differentiation of these
tumors. Howcver, i the specimens of NSCLC-NOS, a
consistent immunohistochemical algorithm could not be
established due to the highly variable expression patterns
observed in the two cases, underscoring the diagnostic
challenges in this heterogeneous group.

This study provides valuable insights into the
immunohistochemical  characterization of  poorly
differentiated NSCLCs, yet several limitations must be
acknowledged to contextualize the findings. The research
was confined to a single tertiary care center, which may
infroduce institutional bias and restrict the broader
applicability of the results. Inclusion of multiple centers
with diverse patient populations would strengthen
generalizability,

Molecular profiling was not incorporated into the study
design. The addition of targeted mutation analysis, such as
EGFR, ALK, or ROSI1, could have enhanced diagnostic
precision and aligned the findings with current trends in
precision oncology. Another constraint lies in the lack of
clinical follow-up. Without longitudinal data on treatment
response or survival outcomes, the prognostic relevance of
the immunohistochemical profiles remains uncertain. This
limitation was further compounded by challenges during
the COVID-19 pandemic, which likely introduced follow-
up bias due to delayed investigations and missed visits,
affecting long-term data collection,

The use of semi-quantitative scoring to assess
immunoreactivity introduces potential  interobserver
variability. Employing digital image analysis or blinded
assessments may improve reliability and reproducibility.
While the study utilized a well-established panel of four
markers-TTF-1, Napsin-A, p63, and p40-this focused
approach may limit diagnostic  accuracy  in
morphologically ambiguous cases. Expanding the panel to
include additional markers such as CK5/6 or CK7 could
enhance subtype differentiation. Overall, the study
underscores the diagnostic utility of
immunohistochemistry in poorly differentiated NSCLCs.
Nonetheless, broader multicentric validation and
integration with molecular and clinical data are essential
for improving diagnostic fidelity and clinical applicability.

CONCLUSION

A two-marker THC panel consisting of TTF-1 and p63
shows 91.13% accuracy, 90.39% sensitivity, and 75.83%
specificity, making it a cost-effective alternative in
resource-limited settings. However, lower specificity
suggests some cases may require additional markers such
as Napsin A, p40 for definitive subtyping, ensuring greater
diagnostic confidence where needed.
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