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ABSTRACT
A new biogenic eco-friendly and simple method of synthesizing
cerium oxide nanoparticles (CeO2NPs) using aqueous seed
extract of the food plant Phaseolus vulgaris (common bean) is
described. The NPs were analyzed by Transmission Electron
Microscopy and Fourier Transform Infrared Spectroscopy.
Their size was in the range of 97 to 103 nm, and they exhibited
enhanced antioxidant and carbonic anhydrase class 1 inhibitory
activities in vitro. This method is very cost-effective and simple.
These bifunctional CeO2NPs might find potential applications
in various domains of biomedical research and in fabricating
targeted pharmaceuticals.
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INTRODUCTION
Cerium, which is the first element in the lanthanide group
with 4f electrons, has attracted much attention from
researchers in physics, chemistry, biology, and materials
science.1,2 Although cerium oxide nanoparticle (CeO2NP)
has emerged as a fascinating and lucrative material
in biological fields, such as bioanalysis, biomedicine,
drug delivery, and bioscaffolding,3-7 the synthesis of
multifunctional CeO2NP is of great interest in research
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for future applications. The CeO2NPs are generally
synthesized by physical and chemical methods, such as
hydrothermal,8 solvothermal,9,10 aqueous precipitation,11
reversed micelles,12 thermal decomposition,13 flame
spray14 methods, etc. However, most of the techniques
are complex, time-consuming, expensive, and hazardous.
Biosynthesis production of CeO2NPs using biological
system is more desirable than physical and chemical
methods due to its eco-friendliness. Biological synthesis
of CeO2NPs using plant system is not well explored. In
recent years, there has been increasing attention toward
eco-friendly synthesis of all types of metal oxide NPs
using plants. This is because green synthesized NPs
generally do not produce any toxic by-products and also
they have been reported to be more stable compared with
chemically synthesized ones.1,2 In the past, antioxidant
activity of CeO2NPs has been established15 and these
CeO2NPs (nanoceria) have also been used as a potential
delivery device for human carbonic anhydrase II (hCAII)
inhibitors, i.e., carboxybenzenesulfonamide.22,23
In the present investigation, bifunctional cerium
NPs are synthesized in mild environment with enhanced
antioxidant activity with carbonic anhydrase inhibitory
activity using Phaseolus vulgaris seed extract. We have
studied the optical, structural, antioxidant, and carbonic
anhydrase class 1 (CAH1) inhibitory activity of CeO2NPs.
This process offers a plenty of advantages, such as simple
protocol, mild environment operation, cost-effectiveness,
and potential for large-scale commercial production.
The CeO2NPs are widely known for their antioxidant
property 15 ; therefore, enhancement of antioxidant
activity along with CAH1 inhibitory activity of synthesized NPs will be of great interest in multitarget advanced
biomedical applications.

MATERIALS AND METHODS
Preparation of P. vulgaris Extract
The P. vulgaris L seeds were purchased from local
market and authenticated (Auth-16-025) by Plant Drug
Authentication Service, Botany group, Plant Sciences
Division, Agarkar Research Institute, Pune, Maharashtra,
India. The extract was prepared by taking 10 gm of
P. vulgaris crushed seeds in 50 mL distilled water and
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kept for 6 hours at room temperature (28°C). The mixture
was then centrifuged at 3,000 rpm for 5 minutes and then
filtered with Whatman filter paper No 1. The extract was
finally sterilized with syringe filter and stored at room
temperature for further use.

Synthesis of CeO2NP
Cerium (IV) oxide salt (3 mM) was made partially
soluble in distilled water at room temperature (28°C, pH
2.35) using concentrated HCl (37%) 1 μL/mL of water;
10 mL of P. vulgaris seed extract was added with 10 mL of
3 mm CeO2 solution (interestingly, it has been observed
that cerium (IV) oxide salt was completely soluble within
a few minutes). This reaction mixture was allowed to react
at 37°C for 48 hours. Color change of reaction mixture
was observed after 48 hours. The mixture was then centrifuged at 3,000 rpm for 5 minutes and supernatant was
collected for further analysis. The conﬁrmation of formation of the cerium NPs in the reaction was monitored by
using UV–Visible (UV–Vis) spectral analysis and transmission electron microscopy (TEM) analysis.

UV–Visible Spectroscopy Analysis
The color change during CeO2NP synthesis was recorded
through visual observation. The reduction of cerium ions
into CeO2NP samples was subjected to UV–Vis spectral
analysis with the help of Shimadzu UV–Vis spectrophotometer (Model 1601).

TEM Analysis
The morphology of the synthesized CeO2NP was examined using TEM. Samples for TEM analysis was performed on a PHILIPS instrument of IIT, Bombay, Model
No CM200; operating voltages: 20 to 200 kV. Before
the sample preparation for TEM analysis, sonication
of sample was done for 10 minutes. The sample was
prepared on a small copper grid.

Fourier Transform Infra-red Spectroscopy
Measurement
Moreover, Fourier transform infra-red spectroscopy
(FT-IR) analysis was carried out in the range of 400 to
4,000 cm–1 using Bruker, Germany, Model-3000 Hyperion
Microscope with Vertex 80 FT-IR System. Sample was
prepared on KBr pellet and it was allowed to dry.

Superoxide Scavenging Activity
using NBT Assay
Superoxide scavenging effect of CeO 2 salt solution,
P. vulgaris seed extract, and synthesized CeO2NP was
determined by the method described by Beauchamp and
Fridovich,16 with slight modification. The assay was based
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on the capacity of the samples to enhance the aerobic
photochemical reduction of nitrobluetetrazolium (NBT)
in the presence of riboflavin. For all assays, 2 mL of the
reaction mixture contained ethylenediaminetetraacetic
acid (2 mm), NBT (55 μM), and phosphate buffer (50 mm,
pH 7.8). Add 1 mm riboflavin 40 μL/assay. The volume
of tested sample was of 60 μL/assay. Control was also
taken. Absorbance was recorded at 560 nm at 0 hour
and the reaction was initiated by placing it under the UV
light for 30 minutes. Absorbance was once again taken at
560 nm. The scavenging % was calculated using below
formula, i.e.,
Scavenging % = (Absorbance of control – Absorbance
of sample)/Absorbance of control × 100.

2,2-diphenyl-1-picrylhydrazyl
Scavenging Activity
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay was
performed using the method described by Mensor et al
with slight modification.17 The DPPH, which forms a
deep purple solution, reacts with antioxidant, and color
loss at 517 nm is directly proportional to the antioxidant
content. The sample (60 µL) was added to 1.5 mL of
methanolic solution of DPPH (0.3 mm in methanol) and
1.44 mL of methanol. The mixture was allowed to react
at room temperature for 30 minutes. Methanol served as
the blank and DPPH in methanol, without the sample
served as the positive control. After 30 minutes of incubation, the discoloration of the purple color was measured
at 517 nm in a spectrophotometer (Shimadzu UV–Vis
spectrophotometer 1601) and the radical scavenging
activity was calculated.

Carbonic Anhydrase Inhibitory Activity
Carbonic anhydrase activity was performed using the
method described by Armstrong et al with slight modification18; 3 mm p-nitrophenyl acetate was used as a substrate. Enzyme source (CA-I from human erythrocytes,
Sigma) was prepared by mixing culture filtrate with
Tris–HCl buffer, pH 8.0, in the reaction mixture; 10 µL
enzyme source and 40 µL of CeO2NPs along with 100 µL
substrate prepared in same buffer made the final volume
to 300 µL with Tris–HCl buffer and incubated at 37°C. The
substrate breakdown leads to the formation of yellow
color solution due to hydrolysis of p-nitrophenyl acetate
to p-nitrophenol. The amount of p-nitrophenol released in
the reaction was measured at 405 nm using an Elisa plate
reader (Robonik Pvt Ltd). Carbonic anhydrase unit: 1 nm
of free phenol released from the substrate (p-nitrophenyl
acetate) per mL per minute under standard assay conditions. Percentage of carbonic anhydrase inhibition was
calculated.
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Figs 1A and B: (A) Seed of P. vulgaris; (B) B1 3 mm CeO2 solution, B2 seed extract,
B3 reaction mixture of 3 mm CeO2 and P. vulgaris seed extract

RESULTS AND DISCUSSION
Synthesis of CeO2NPs: Visual Observation
A distinct color change from light color to a dark color was
observed on mixing of P. vulgaris aqueous seed extract with
3 mm CeO2 solution (final pH of reaction mixture was –5.62)
after 48 hours at 37°C. It indicates the formation of CeO2NPs.
It may be due to reduction of CeO2. No precipitation was
observed and color change was stable even after completion
of reaction; 3 mm cerium (IV) oxide salt was made partially
soluble in distilled water at room temperature using small
amount of concentrated HCl (pH 2.35). Interestingly, it has
been observed that cerium (IV) oxide salt was completely
soluble within a few minutes, on addition of P. vulgaris
aqueous seed extract (pH 6.56), indicating the presence of
some CeO2 solubilizing agent in the extract. Change in color
on mixing of plant extract with CeO2NPs solution is generally observed by that system, which is able to synthesize NP.

UV–Visible Spectrophotometer Analysis
The CeO2NPs synthesized by this method were characterized initially under UV–Vis spectrophotometer. Cerium

Graph 1: UV–visible absorption spectra of synthesized cerium
NPs showing peak at 452 nm

NPs generally display unique optical properties in relation
to their size. The addition of seed extract to CeO2 solution
resulted in a slow color change of the reaction mixture. The
color change exhibited by the samples is due to the excitation of electrons of CeO2, which also affects the absorbance.
The formed NPs exhibited dark coloration (Figs 1A and B),
with peak at 452 nm (Graph 1). Quantitative analysis about
the type of oxidation state and rate of reaction of cerium
was studied by UV–Vis spectrophotometry.19 Girija et al20
also mentioned that Ce (IV) absorbs in the visible region,
while Ce (III) absorbs both in the UV and the visible regions.

Transmission Electron Microscopy Analysis
Transmission electron microscopy was further used
to confirm the synthesis of CeO 2 NPs. The unique
morphology and size distribution of the prepared NPs
were elucidated from the TEMs. Generated CeO2NPs in
this process were magnified and recoded at 200 nm scales.
Figure 2 exhibits morphological images of the prepared
CeO2NPs. Heterogeneous synthesis of CeO2NPs was
observed as cluster with varied size ranging from 97
to 103 nm in the reaction system. The TEM images of

Fig. 2: The TEM micrograph of cerium NPs synthesized by seed
extract of P. vulgaris. The CeO2NPs shown in the micrograph are
in the range of 97 to 103 nm in size (scale at 200 nm)
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synthesized CeO2NPs at different magnifications revealed
that the CeO2NPs were predominantly spherical in shape
and mostly particles appeared in cluster. Although the
present system is unable to generate very small size NPs,
these generated NPs were able to represent distinct absorbance peak at 452 nm in the UV–Vis spectrophotometer,
indicating the presence of functional NPs in reaction
system with enhancement of antioxidant property and
with the introduction of CAH1 inhibitory activity.
Biologically synthesized CeO2NPs are generally
spherical in shape. The morphology of the green synthesized CeO2NPs was also studied using TEM by Priya et al1
where they have shown that the growth of CeO2NPs was
spherical in shape.

FT-IR Analysis
The FT-IR spectroscopic studies were carried out to
identify the possible group/molecules responsible for
the reduction of CeO2 to CeO2NPs. The FT-IR spectra
of the prepared CeO2NPs are shown in Graph 2 using
the KBr pellet method in the wave number range of
400 to 4,000 cm−1. Representative spectra of generated
CeO2NPs manifest the various absorption peaks. The
two prominent bands seen at 3,458.00 and 1,596.12 cm−1
were assigned to the stretching vibrations respectively
(Graph 2). The band at 3,458.00 cm−1 represents the O–H
stretching vibration. The band at 1,596.12 cm−1 represents
the phenol ring. The short stretch peaks are also observed
at 620.56, 1,725.15, and 2,924.45 cm–1. The FT-IR results
indicate that phenolic compound might be responsible for
the formation of CeO2NPs. Dos Santos et al21 have also
demonstrated the FT-IR spectrum of ceria also exhibits
intense bands at 3,435 and 1,589 cm–1 that correspond to
the ν (O–H) mode of (H-bonded) water molecules and
(OH) respectively.

Graph 2: Fourier transform infra-red spectra of generated
CeO2NPs by P. vulgaris seed extract
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Superoxide Scavenging Activity
Cerium oxide is known for antioxidant activity. In our
experiment, it was observed that CeO2 salt solution at the
concentration of 3 mM was able to scavenge UV-induced
superoxide radicals with 18.25% ± 0.76 inhibition (Graph 3)
using NBT assay. Superoxide scavenging activity of generated CeO2NPs was also determined and compared with
3 mM CeO2 salt solution. Interestingly, it was observed
that CeO2NPs generated by P. vulgaris seed extract was
able to inhibit 75.19% ± 4.10 with 4.12 times enhancement
of superoxide scavenging activity. This enhancement is
significant in terms of overall activity. Seed extract of P.
vulgaris is unable to scavenge UV-induced superoxide
radicals with zero inhibition under the same.

2,2-diphenyl-1-picrylhydrazyl Radical
Scavenging Activity
Cerium oxide salt solution, P. vulgaris seed extract, and
synthesized CeO2NPs by extract of P. vulgaris were investigated for their free radical scavenging activity using
DPPH in well-defined assay system. It was observed that
3 mM CeO2 salt solution was able to display 21.93% ±
0.21 DPPH radical scavenging activity, indicating
its mild antioxidant property. Interestingly, it was
observed that CeO2NPs generated by seed extract displayed 69.56% ± 0.12, with significant enhancement of
3.17 times DPPH-based free radical scavenging antioxidant activity. It was also observed that seed extract of
P. vulgaris was able to display only 8.56% ± 0.12 DPPH
radical scavenging antioxidant activity (Graph 4).

Carbonic Anhydrase Activity
Inhibition of CAH1 of human erythrocytes by CeO2NPs
generated by P. vulgaris seed extract was evaluated.

Graph 3: Superoxide scavenging activity (% inhibition of NBT
reduction) of CeO2 solution, seed extract of P. vulgaris, and
generated CeO2NPs, where CeO2: 3 mm CeO2 solution; Extract:
seed extract of P. vulgaris; and CeO2NPs: Synthesized CeO2NPs
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Graph 4: Free radical scavenging activity (% DPPH scavenging
activity) of CeO2 solution, seed extract of P. vulgaris, and generated
CeO2NPs, where CeO2: 3 mM CeO2 solution; Extract: Seed extract
of P. vulgaris; and CeO2NPs: Synthesized CeO2NPs

Graph 5: Carbonic anhydrase activity of CeO2 solution, seed
extract of P. vulgaris, and generated CeO2NPs, where CeO2: 3 mM
CeO2 solution; Extract: Seed extract of P. vulgaris; and CeO2NPs:
Synthesized CeO2NPs

Interestingly, it was observed that seed extract of P. vulgaris
extract was unable to inhibit carbonic anhydrase. Cerium
oxide solution at the concentration of 3 mM was able to
inhibit carbonic anhydrase with 29.13 ± 3.12% inhibition.
Interestingly, it was observed that CeO2NPs generated
according to the invention was able to inhibit 100% ± 3.78
at the same concentration, which indicates the enhanced
adaptation of carbonic anhydrase inhibitory activity in synthesized CeO2NPs (Graph 5). Earlier CeO2NPs (nanoceria)
have also been used as a potential delivery device for hCAII
inhibitors, i.e., carboxybenzenesulfonamide.22,23

for financial support. The authors are also thankful to IIT
Bombay to provide facility for analysis of nanoparticles
by TEM and FT-IR and Agarkar Research Institute, Pune,
for authentication of plant seeds.

CONCLUSION
Bifunctional CeO2NPs were successfully synthesized
using aqueous seed extract of P. vulgaris. The UV–Vis
spectroscopy study and FTIR revealed the formation of
CeO2NPs. The TEM images clearly showed that CeO2NPs
possessed spherical-shaped morphology. Therefore, the
work carried out in the current article can show the way
toward the solution and it gives new prospective acceleration to fulfill the demands of newer ecological, green
chemistry-based method for the synthesis of CeO2NPs.
These generated CeO2NPs had shown enhanced antioxidant activity with CAH1 inhibitory activity. Bifunctional
behavior of CeO2NPs was found probably due to defined
size of the synthesized NPs. This bifunctional activity of
CeO2NPs can be explored in many research domain and
disease management where there is depletion of antioxidant activity and role of carbonic anhydrase during
disease progression.
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ABSTRACT
We studied outcomes in 35 patients having Neer’s type II and
III proximal humerus fractures who underwent surgery in our
center. All fractures were fixed with angular stable locking plate
through Deltoid splitting approach. There was no incidence of
nonunion and no axillary nerve injury. Varus malunion occurred
in 6% of cases. Deltoid function remained satisfactory in all
patients. Overall results were excellent in 60%, good in 35%,
and fair in 5%. Based on this study, we feel that the Deltoid
splitting approach is associated with much better outcomes
for treating Neer’s type II and III proximal humerus fractures
because it is less invasive, requires minimal soft tissue dissection, and lessens the chances of axillary nerve injury and
Deltoid dysfunction.
Keywords: Axillary nerve injury, Proximal humerus fracture,
Trans-Deltoid approach.
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INTRODUCTION
Proximal humerus fractures are the third commonest
nonvertebral fractures.1 Geriatric and osteoporotic population is particularly more vulnerable to these fractures.
Conservative treatment of these fractures gives poor
results. Surgery is always required for displaced fractures.
Goal of surgery is anatomical reduction with stability
and avoidance of usual complications like avascular
necrosis (AVN) of humeral head, nonunion, impairment
of rotator cuff, and malunion. Angular stable proximal
humerus locking plates are ideal for fixing these fractures
because these plates are precontoured, low profile, and
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permit fixation by locking screws in various directions.
Traditional delto-pectoral approach needs extensive soft
tissue dissection and stripping, which interferes with
fracture biology and may affect humeral head vascularity. Deltoid splitting approach is less invasive. It allows
direct access to the area between the two tuberosities
and permits easier manipulation and better fixation with
minimal soft tissue dissection.2-4

MATERIALS AND METHODS
About 35 patients of proximal humerus fractures
Neer’s type II and III, who presented to our institute
from January 2012 to February 2014, were enrolled for
the study. Fractures associated with dislocation of the
humeral head, and with other fractures in the ipsilateral
upper limb were excluded from this study. Polytrauma
patients, nonconsenting patients, and patients with
serious comorbidities were also excluded. True anteroposterior and axillary views of the shoulder X-rays were
obtained in all cases. The three-dimensional computed
tomography scan of the shoulder was also done, if
required for preoperative planning (Figs 1A and B).
All patients were operated in semireclining position,
under regional or general anesthesia. Preoperatively, the
patients were administered broad spectrum antibiotics
and which were continued for 48 hours postoperatively.
Before taking incisions, anatomical landmarks for the
Deltoid splitting (trans-Deltoid) lateral approach were
marked. A vertical incision was taken from the lateral
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B

Figs 1A and B: (A) X-ray and computed tomography; and
(B) scan of a patient with comminuted proximal humerus fracture
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A

B
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D

E

Figs 2A to E: The trans-Deltoid approach: (A) Surface marking of bony landmarks; (B) Axillary nerve; (C) Exposure of proximal
humerus; (D) Extension of approach distally, if need arises; and (E) PHILOS plate fixation

border of the acromion up to 5 cm distally along the
humerus. Deltoid was split up to the margin of the acromion (Figs 2A to E).
The subacromial bursa was identified and vertically
divided. A finger was inserted through the split and the
axillary nerve location was identified by palpating a bandlike structure along the undersurface of the Deltoid about
5 to 7 cm from acromion.5,6 The distal limit of the incision
was then determined by the fracture characteristics and
the required length of plate. After proper exposure of
fracture, reduction was done under fluoroscopy guidance and maintained tentatively by wires and if required,
ETHIBOND no. 2 sutures around the insertions on the
tuberosities. Appropriate-sized locking plate was passed
under the isolated nerve with plate tip 1 to 2 cm distal to
the top of greater tuberosity and fixed with at least four
screws in the head and at least two screws in the shaft
fragment. Wound was repaired in layers and sterile dressing done (Figs 3A to C).
After surgery, arm was kept in arm pouch and
gentle exercises were started as tolerated by the patient.

A

B

Subsequent visits in outpatient department were at 1, 3,
and 6 months postoperatively. The X-rays were done on
follow-up and were evaluated for union, loss of reduction, implant failure, screw back out or screw penetration,
and AVN of humeral head. Complications of surgery like
infection, stiffness of shoulder joint, and any impingement
were looked for, noted, and treated. Axillary nerve was
examined subjectively and the Constant Murley shoulder
scores were evaluated for functional recovery and grading
was done after comparing with normal side.7 The left and
right shoulders were assessed separately. The subjective
variables are pain and activities of daily living (sleep,
work, recreation/sport), which add up to 35 points. The
objective variables are range of motion and strength,
which add up to 65 points.7

RESULTS
Out of 35 patients, 7 were females and 28 males. The mean
age group was 44 years ranging from 26 to 62 years. Most
of the right-handed dominant patients (65%) sustained
right-side fractures. There was no patient with bilateral

C

Figs 3A to C: Reduction of fractures aided with C-arm (A); and PHILOS plate fixation (B and C)
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humerus fracture; 6 cases (30%) had type II and 29 cases
(70%) had type III Neer’s fracture. Surgery was conducted
at an average of 48 hours after the injury.
Dual window Deltoid splitting incision was used in
18 cases and continuous incision in 17 cases. In continuous incision patients, the axillary nerve was identified to
prevent injury. Identification was done by digital palpation without anatomical nerve dissection. We followed
the patients up to an average of 26 weeks ranging from
24 to 32 weeks. Signs of radiological union appeared
within a mean period of 14 weeks in a range of 12 to
20 weeks. There were no cases of penetration of humeral
head by the screws or screw backout or implant failure
and AVN of humeral head. Initially, the range of motion of
shoulder, especially abduction, was limited, but it became
near normal range by 6 months. Immediate postoperative
complications encountered were weeping wound discharge in two diabetic patients, which subsided in 3 weeks
after starting targeted antibiotics. We did not have any
cases of iatrogenic axillary nerve palsy or clinical Deltoid
dysfunction postoperatively. Varus malunion (inclination
angle less than 120°) was found in 6% (2 cases). Nonunion
did not occur in any patient. Based on constant shoulder
scoring system, overall results were graded as excellent
in 60%, good in 35%, and fair in 5% patients ( mean score
78, range 64 to 84) (Figs 4A and B and 5A to C).

DISCUSSION
This study evaluated the Neer’s type II and III fractures
in 35 patients treated with locked angular stable plate via
Deltoid splitting approach. To achieve good results, bony
and soft tissue anatomy must be restored and maintained
until healing has occurred. The realization that a poor
result after primary treatment is difficult to readdress
or reconstruct adds to significance of initial treatment
selected. Malunion, nonunion, and AVN are common
complications of conservative treatment, which result in
stiffness with pain and shoulder dysfunction. These complications can be minimized, if not prevented with successful operative treatment. Most of the displaced Neer’s

A

A

B

Figs 4A and B: X-rays showing bony union at 6 months

two-part, three-part, and some four-part fractures should
be managed by open reduction and internal fixation.
The anterior delto-pectoral approach is traditionally
used for most of the proximal humerus fractures.8,9 This
approach is unable to address two-part greater tuberosity
fractures with fragment displaced posteriorly. Placement
of the plate on the lateral surface of proximal humerus via
anterior approach requires excessive retraction of Deltoid,
thereby causing more soft tissue dissection and stripping
increasing chances of AVN and decreasing biology for
plate fixation.
Thus, in order to make surgery easier, reproducible,
and to preserve biology, the lateral approach becomes a
boon.9,10 Practical aspects of addressing the posteriorly
displaced fracture fragments and direct lateral plate fixation have also been proven by many studies to give better
results with no incidence of axillary nerve palsies.11,14 Better
functional results and better constant shoulder scores
have been documented by many authors.10-13 Gardner
et al11 and Korkmaz et al10 have also stated that transDeltoid approach is easier and more practical as compared with anterior delto-pectoral approach, as it avoids
axillary nerve trauma and provides good access to posterior displaced fractures. Our constant shoulder score

B

C

Figs 5A to C: Clinical outcomes at 6 months
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Table 1: Comparison of various studies with present study

Sl.
no.
1
2
3
4
5
6
7
8

Study
Sproul et al17
Sudkamp et al16
Egol et al18
Owsley et al19
Hepp et al20
Koukakis et al21
Agudelo et al22
Present study

Constant
score
73.6
85.1

84

78

Overall
complication
rate (%)
48.8
34
23.5
36
31.3
15
19
12

Screw
penetration
(%)
7.5
14
16
23
14.4
0
0
0

of 78 is comparable to many studies, which had utilized
similar Deltoid splitting approach.15 Liu et al,13 in his
study of 91 patient cohort, concluded that type II and III
Neer’s fractures are better approached via trans-Deltoid
route, whereas delto-pectoral approach is satisfactory for
type IV Neer’s fractures.
Sudkamp et al16 reported a mean constant score of 70.6
points 1 year after Proximal Humerus Internal Locking
System locking plate fixation corresponding to an intraindividual constant score of 85.1%. Complications were
found in 34% of patients. The most common complication
(14% of patients) was intraoperative screw perforation of
the humeral head (Table 1).
Sproul et al17 conducted a systematic review of midand long-term results. Average constant score was 73.6
points after a mean follow-up of 29.2 months. The overall
complication rate was 48.8%. The most common complications were varus malunion (16.3%), AVN (10.8%), intraarticular screw perforation (7.5%), subacromial impingement
(4.8%), and infection (3.5%). The present study had a
complication rate of 12% mostly in the form of superficial
infection (diabetic patients) and varus malunion.
Our study has shown much better constant scores
in 95% patients, without any presence of axillary nerve
palsy or Deltoid dehiscence or weakness. Patients with
an inclination angle (head diaphysis angle) of less than
120° on immediate postoperative radiographs were
accepted as having varus inclination.23 Our study had a
varus malunion of 6% (2 patients with 114° and 110° of
head diaphysis angle), whereas various other studies had
results of varus malunion ranging from 3.6 to 25%.17,19,20
Varus malunion was more common in cases who were
aged above 60 years, which indicates that factors like
osteoporosis and higher fracture comminution may have
a role in its causation.

CONCLUSION
Deltoid splitting approach allows good access to treat
proximal humerus fractures with minimal risk of axillary
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Subacromial
impingement
(%)
4.8
–
0
0
2.4
o
2
0

Complications
Deltoid
dysfunction Infection
(%)
(%)
0
3.5
–
–
0
2
0
0
0
1.2
0
5
0
4.5
0
5.71

Varus
malunion
(%)
16.3
–
0
25
3.6
0
0
6

Avascular
necrosis (%)
10.8
8
4
4
4.8
5
4.5
0

nerve injury, less complications, and better functional
results. Approach can be by a single incision or by twowindow technique to provide good visualization of the
proximal humerus fracture fragments. We recommend
the trans-Deltoid approach based on our outcome to
be more practical than other approaches for proximal
humerus fractures.
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ABSTRACT
A retrospective study was carried out on 81 kidney transplant
patients to evaluate the effect of low preoperative serum albumin
level on early graft function. Patients were divided into two
groups: Group I (42 patients) with serum albumin <4 gm/dL and
group II (39 patients) with serum albumin ≥4 gm/dL. Though
drop in serum creatinine levels during early postoperative days
was higher in group “II” patients than in group “I” patients, it was
not statistically significant, which is not in conformity with earlier
published studies that showed greater fall in serum creatinine
levels (and so better early graft function) in patients with higher
serum albumin levels. Our results may be due to lesser number
of overall patients in the study and, therefore, need to be validated with further studies involving larger number of patients.
Keywords: Chronic kidney disease, Kidney transplant, Renal
allograft function, Short-term graft function.
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INTRODUCTION
Kidney transplantation is the treatment of choice and
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patients with chronic kidney disease (CKD). The potential
demand for renal transplantation is increasing but there
is perpetual shortage of kidney donors. These issues make
every single transplanted kidney precious and hence,
every effort should be made in the perioperative care of
these patients to maximize graft survival. Low serum
albumin level in CKD patients is a marker of poor general
health status, resulting in comorbidity, malnutrition–
inflammation complex, also known as protein-energy
wasting.1 Several studies examined the predictors of mortality or graft failure in kidney transplant recipients, but
only few analyzed the association between pretransplant
parameters and posttransplant outcomes.2-4
The grafted kidney’s outcome in first few days is
generally measured by urine output and serum creatinine values. Graft malfunction in the early postoperative
period has been associated with decreased graft survival
and increased recipient complications. A clear relationship between serum albumin levels and short-term renal
graft outcome has not been properly evaluated. Hence, we
tried to establish the relationship between serum albumin
levels on graft function during the short-term renal graft
outcome (early postoperative period).

MATERIALS AND METHODS
This is a single-center retrospective study done on
81 patients undergoing kidney transplant from April
2011 to August 2013. The study was approved by the
Institutional Review Committee and conformed to ethical
guidelines of 1975 Helsinki Declaration.
Age, gender, weight, hemoglobin, hematocrit, serum
potassium, urea, and creatinine were obtained from the
preanesthetic evaluation records. All other parameters
were obtained from the anesthesia chart, including those
related with the intraoperative monitoring. The demographic and clinical data between the assigned groups
were comparable. Transplant recipient workup included
a complete hemogram, renal function test, liver function
test, coagulation profile, viral markers, chest X-ray, electrocardiogram (ECG), and echocardiography. All transplant recipients received hemodialysis within 24 hours
before surgery. A dedicated intraoperative monitoring
of ECG, blood pressure, central venous pressure, urine
output, core temperature, pulse oximetry, and end-tidal
CO2 was done. We preferred general anesthesia for our
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transplant patients. Anesthesia was administered using
a standard protocol in all patients. Induction of anesthesia was done using injection thiopentone 3 to 5 mg/kg,
fentanyl 1 to 2 µg/kg along with oxygen/air/isoflurane
at one minimum alveolar concentration, and muscle
relaxation was achieved with atracurium 0.5 mg/kg.
Forced air warming was used to maintain a core body
temperature around 36°C. Our study had two groups of
patients based on preoperative serum albumin. Patients
with serum albumin <4 gm/dL were kept in group I and
the patients with serum albumin ≥4 gm/dL were kept
in group II. The trend in falling serum creatinine values
was analyzed in the first five postoperative days in both
groups. Our study group had a mixture of both genetically related and genetically unrelated living donors. To
rule out any bias due to this factor, we further divided the
study population into those receiving kidney from genetically related donors and other receiving kidney from
genetically unrelated donors. The fall in serum creatinine
trends was analyzed for the first 5 days in this group also.

Table 1: Demographic data comparison in the two groups
Comparison between
two groups
Group I
Group II
36.59
34.92
60.07
57.20
35: 7
33: 6
31
25

Mean age (years)
Mean weight (kg)
Gender ratio (male:female)
Genetically related donors
(father, mother, brother, sister)
Genetically unrelated donors 11
(husband, wife)
Preoperative albumin level
3.59
(gm/dL)

Total
35.7
58.69
68:13
56

14

25

4.37

3.9

Statistical Analysis
We evaluated data using the Statistical Package for the
Social Sciences software (version 11.5). Correlation analysis and analysis of variance test techniques were used in
the study for statistical computation. Multivariate analysis was used to compare various variables.

RESULTS
In our study among the 81 recipients, there were 13 females
and 68 males. The mean age of recipients was 35.80 years.
Table 1 compares other variables between the two groups.
The overall mean serum creatinine levels on postoperative days 1, 2, 3, 4, and 5 were 3.86, 2.43, 1.56, 1.50, and
1.48 mg/dL respectively. The overall mean preoperative
albumin of our study population was 3.96 gm/dL.
The fall in serum creatinine was studied in the two
groups of recipients. Group I was with serum albumin
<4 gm/dL, and group II was with serum albumin
≥4 gm/dL. There were 42 patients in group I and
39 in group II.

Graph 1: Serum creatinine values in group I (albumin
<4 gm/dL) during the five postoperative days

In group I, the mean preoperative serum albumin was
3.6 gm/dL, the minimum value was 3 gm/dL, and the
maximum value was 3.9 gm/dL. The mean serum creatinine during the first five postoperative days was 3.63,
2.41, 1.64, 1.63, and 1.65 mg/dL respectively (Graph 1).
Studying the fall in serum creatinine by calculating the
difference between adjacent day values, we found that on
second postoperative day there was a fall in serum creatinine value by 1.98 mg/dL, on third postoperative day
the level further dropped by 0.77 mg/dL, and on fourth
postoperative day 0.01 mg/dL. On the fifth postoperative
day there was a marginal rise in serum creatinine value
by 0.02 mg/dL (Table 2).

Table 2: The trend of fall in serum creatinine in the two groups as studied during the first 5 days
Group I (albumin <4 gm/dL)
Group II (albumin ≥4 gm/dL)
a
a
Creatinine
Difference in
Creatinine
Difference in
Postoperative days
(mg/dL)
serum creatinine
(mg/dL)
serum creatinine
p-value
First
3.63
4.11
0.33
Second
2.41
↓ 1.98
2.45
↓ 1.66
0.91
Third
1.64
↓ 0.77
1.46
↓ 0.99
0.35
Fourth
1.63
↓ 0.01
1.36
↓ 0.10
0.27
Fifth
1.65
↑ 0.02
1.30
↓ 0.06
0.18
a
The drop and rise is indicated by down and up arrows respectively; The difference in serum creatinine is fall or rise of serum
creatinine compared with previous day value
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Graph 2: Serum creatinine values in group II (albumin
≥4 gm/dL) during the five postoperative days

In group II, the mean serum albumin was 4.37 gm/dL,
the minimum albumin in this group was 4 gm/dL, and
maximum value was 5 gm/dL. The mean serum creatinine during the first five postoperative days was 4.11,
2.45, 1.46, 1.36, and 1.30 mg/dL respectively (Graph 2).
Studying the fall in serum creatinine by calculating the
difference between adjacent day values, we found that
on the second postoperative day there was a fall in serum
creatinine value by 1.66 mg/dL. Similarly, there was a fall
in serum creatinine levels on third, fourth, and fifth postoperative days by 0.99, 0.10, and 0.06 mg/dL respectively.
Hence, in group II, there was persistent drop in serum
creatinine levels in all consecutive 5 days, but in group
I we found a marginal rise in serum creatinine value on
the fifth postoperative day (Table 1). When we compared
the trend of fall in serum creatinine on the second, third,
fourth, and fifth day in two groups, we could not find
any statistically significant difference.
Recipient’s ages were then considered and the fall in
serum creatinine trends was studied. We further evaluated the fall in serum creatinine trend as per the blood
relation of the donor, and the fall in serum creatinine was
not statistically significant on any of the 5 days (p-values
0.42, 0.85, 0.86, 0.19, and 0.09 respectively). The population of recipients was further divided based on gender.
The fall in serum creatinine was not statistically significant on any of the five postoperative days (p-values 0.05,
0.09, 0.17, 0.60, and 0.27 respectively).

DISCUSSION
Hypoalbuminemia is associated with increased morbidity
in general population and mortality in patients with acute
illness.5,6 Albumin is a serum protein, i.e., synthesized in
the liver, and its serum levels are regulated by synthesis
and degradation. Degradation occurs throughout all
tissues, but predominantly occurs in muscle, liver, and
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kidneys.7 Serum albumin concentration is a powerful
predictor of survival of patients with CKD.8 Albumin
concentrations are controlled by several factors including
rate of synthesis, catabolic state, and distribution between
the intra- and extravascular spaces in the body. Many conditions, such as malnutrition, catabolism, liver, and renal
dysfunction as well as systemic infection reduce serum
albumin concentration.9-11 The incidence of medical and
surgical complications is higher in renal transplant recipients during first few days; so the relationship between
serum albumin and short-term outcome of these patients
was evaluated. Earlier studies have suggested that there
is a strong correlation between serum albumin levels
and renal graft survival in renal transplant patients. Low
pretransplantation serum albumin levels were associated
with poor long-term graft outcomes and with more posttransplantation complications.12
Guijarro et al 13 found that serum albumin was
an independent risk factor among kidney transplant
patients. They also found that hypoalbuminemia was
associated with reduced renal function. Of note, renal
function was correlated with number of acute rejection
episodes, but it does not appear that the number of acute
rejections was independently associated with hypoalbuminemia. They found that hypoalbuminemia is common
and serum albumin is a strong independent risk factor
for all-cause mortality after renal transplantation.13 A
study by Dahlberg et al14 found no statistical significant
association between hypoalbuminemia and death rates
in their patients.
The present study describes the impact of pretransplant hypoalbuminemia on short-term graft function in
kidney transplant patients. Most of our kidney transplant
recipients were males (68 of 81). Most of the live kidney
donations were from genetically related donors. After
studying the trend of fall in serum creatinine in two
groups, we found that the mean values of serum creatinine were less in group I on all 5 days. Also the drop
in serum creatinine between two adjacent days during
the first five postoperative days was more in group I
as compared with group II. The difference in this drop
was, however, not statistically significant. This suggested
that even the patients with lower albumin recovered
sufficiently well in terms of short-term renal graft function. Age of the recipients did not make any difference in
short-term renal graft function. Similarly, blood relation
and gender had no significant influence on the short-term
renal graft function.
Molnar et al 15 analyzed 8,961 kidney transplant
recipients, with albumin reference value as <3.77 gm/dL.
They concluded that lower pretransplant serum albumin
concentration during hemodialysis treatment period
was associated with worse posttransplant short- and
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long-term outcomes, including higher risk of delayed
graft function, increased all-cause and cardiovascular
death, and higher risk of graft failure. The association
between pretransplant serum albumin and posttransplant mortality was robust in almost all subgroups of
patients. However, we did not find any significant difference in short-term renal graft outcomes in patients with
low serum albumin levels. This may be due to smaller
sample size in our study. Extensive search of literature
did not provide us with any significant material, which
evaluated the role of albumin in the short-term kidney
graft function.
The obvious limitation in our study is the small number
of subjects in our study population (n = 81) and its singlecenter retrospective nature. This will need further validation with studies involving larger number of patients with
lower serum albumin levels and also other factors affecting
early graft function that need to be studied.

3.

4.

5.

6.

7.

8.

CONCLUSION
Our study showed that the serum albumin in preoperative
period was reflected in serum creatinine in postoperative
period. Lower preoperative serum albumin group patient
had lower serum creatinine values, and higher preoperative albumin group patients had higher serum creatinine
values after transplant but this was not statistically significant. The drop in serum creatinine level was more in
patients with more serum albumin levels compared with
patients with low serum albumin levels; however, this difference was again not statistically significant. Therefore,
contrary to other earlier studies, we found no effect of
preoperative albumin level on short-term graft function.
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ABSTRACT

INTRODUCTION

Introduction: Cardiovascular disease is the leading cause of
morbidity and mortality in patients with end-stage renal disease
(ESRD), accounting for more than 50% of all deaths. Highsensitivity troponin T (hsTnT) assay is a sensitive and specific
marker of myocardial injury and necrosis.

End-stage renal disease (ESRD) is one of the most common
health problems in both developed and developing countries.1 A population-based study calculated the ESRD
incidence to be 152 per million population in India.2,3
Cardiovascular disease is the leading cause of morbidity
and mortality in patients with ESRD, accounting for more
than 50% of all deaths.4 Early identification of patients
with ESRD who are vulnerable to develop cardiovascular
morbidity and mortality using newer prognostic serum
markers may facilitate more aggressive and focused
treatment in this group. Cardiac troponins are sensitive
and specific biochemical markers of myocardial injury
and necrosis.5 The recently introduced high-sensitivity
troponin T (hsTnT) assay allows detection of ~10-fold
lower levels with less analytical variation compared with
previous assays.6,7 The aim of this study was to study the
levels of serum cardiac troponin T in ESRD and thereby
determine whether stable asymptomatic ESRD patients
with elevated hsTnT levels had a greater prevalence of
cardiovascular risk factor, comorbidity and mortality.

Objective: The objective of this study was to evaluate the
prognostic role of elevated hsTnT levels in identifying ESRD
patients with high risks of developing cardiovascular morbidity
or mortality.
Materials and methods: The present study was a crosssectional observational study conducted in 50 patients fulfilling the prespecified inclusion criteria. Patients were evaluated
based on the history, clinical findings, lab investigations including hsTnT, two-dimensional echocardiogram, and duration and
frequency of hemodialysis (HD).
Results: The study cohort showed significant correlation of
elevated hsTnT levels with left ventricular hypertrophy (p < 0.05),
diabetes mellitus (p < 0.005), duration of HD (p < 0.01), and
mortality (p < 0.05).
Conclusion: Troponin T is a promising prognostic tool, since
elevated levels identify a subset of ESRD patients who have
poor survival and higher risk of death. Though sample size
was small, this study corroborates previous postulates on this
subject. However, being a small sample study, findings could not
be subjected to a larger population.
Keywords: Cardiovascular disease, Diabetes, End-stage
renal disease, Hemodialysis, High-sensitivity troponin T,
Hypertension, Left ventricular hypertrophy.
How to cite this article: Singh AP, Yewale R, Ghanekar J.
Cardiac Troponin T as a Prognostic Marker of Cardiovascular
Morbidity and Mortality in Patients with End-stage Renal
Disease. MGM J Med Sci 2016;3(4):176-180.

MATERIALS AND METHODS
The present study was a cross-sectional, observational
study conducted at MGM Medical College & Hospital,
Navi Mumbai, Maharashtra, India. Fifty inpatient and
outpatient departments patients fulfilling the inclusion
criteria were studied over a span of 2 years between
November 2013 and October 2015.

Inclusion Criteria

Source of support: MGMIHS

• Patients between age group 20 and 80 years.
• Patients who were diagnosed cases of ESRD.

Conflict of interest: None

Exclusion Criteria

1

Senior Resident, 2Junior Resident, 3Professor and Head

1-3

Department of General Medicine, MGM Medical College &
Hospital, Navi Mumbai, Maharashtra, India
Corresponding Author: Rohan Yewale, Junior Resident
Department of General Medicine, MGM Medical College & Hospital
Navi Mumbai, Maharashtra, India, Phone: +91-9320243470, e-mail:
rohan2690@gmail.com

176

• Age more than 80 and less than 20 years.
• Patients having past history of myocardial infarction,
unstable angina, heart failure, severe sepsis, myocarditis, cardiac surgery.

Methodology
Patients were evaluated based on history and clinical
findings at the time of presentation. Lab investigations
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(complete blood count, renal function test, urine routine,
hsTnT), electrocardiography, and two-dimensional (2D)
echocardiography (ECG) were performed and duration
and frequency of hemodialysis (HD) was noted in all
patients.

Data were tested first for normal distribution by
Kolmogorov–Smirnov test. Comparison of quantitative
variables was done using Student’s t test and Mann–
Whitney U test for normally and non-normally distributed data respectively. Multiple group comparison was
done by Kruskal–Wallis test with post hoc Dunn’s test.
Spearman’s correlation coefficient was used for computing correlation between quantitative (non-normally distributed) data. For comparing categorical data, chi-square
test was performed. A probability value <0.05 was
considered statistically significant.

13 (26%) patients, followed by LVH with strain and left
axis deviation (LAD) in 5 patients each. More than half of
the population (52%) showed LVH on 2D Echo which was
graded as mild (20%), moderate (22%), and severe (10%)
respectively as shown in Graph 2. Graph 3 portrays that
maximum number of patients had troponin T in the range
of 15 to 50 ng/L, while only four patients had troponin
T levels <14 ng/L which was normal. The median of the troponin T levels was 57 ng/L. Maximum number of patients
(64%) were undergoing HD for less than 1 year and mean
HD duration of the study cohort was 10.9 ± 5.6 months
as shown in Graph 4. Patients having diabetes
had a greater mean value of troponin T (142.43 ng/L)
as compared with the rest of the population. Mean
level of troponin T in patients who died was 210 ng/L,
which was significantly higher as compared with
the values in those who were alive. Troponin T levels
were significantly raised with increasing duration of
HD. Out of 50 patients in study group 15 (30%) died.
It was observed that out of 13 patients who were
having troponin levels more than 100 ng/L, 9 (69%)
died during the study period, whereas only 6 out of
37 patients (16%), who died during study period, had
troponin T levels less than 100 ng/L. There was statistical
correlation of high antemortem troponin T levels with
death (Table 1).

RESULTS

DISCUSSION

Maximum number of patients were in the age group of
51 to 70 years, and the mean age of the population being
55.18 ± 12.34 years with a male predominance (72%).
Hypertension alone was the prevalent morbidity in 30%
of patients followed by combined hypertension and diabetes (26%). As depicted in Graph 1, ECG was normal
in most of the patients. The most common finding was
left ventricular hypertrophy (LVH) without strain in

End-stage renal disease is a clinical syndrome caused by
varied underlying pathology. Cardiovascular disease is
the leading cause of death in ESRD.4 The pathogenesis
predominantly involves uremia induced intermyocytic
fibrosis, which further leads to myocardial diastolic dysfunction and various cardiac arrhythmias.8 End-stage
renal disease patients are prone to variations in fluid
and humeral homeostasis leading to an elevation in both

Graph 1: Electrocardiogram findings in study group

Graph 2: Two-dimensional echo findings in study group

Study Group
The patients enrolled were classified as ESRD based on the
glomerular filtration rate <15 mL/minute, or undergoing/
advised HD/renal transplant. Serum hsTnT levels were
measured by an automated chemiluminescent immuno
assay using the Roche hsTnT assay. The assay had a
detection limit of 5 ng/L and 99th percentile was 14 ng/L.

Statistical Methods
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Graph 3: Troponin T levels in study group

Graph 4: Duration of dialysis in study group

Table 1: Correlation of variables with troponin T

Table 2: Comparison of variable with similar studies

Troponin T
2D echo Normal
Mild LVH
Moderate LVH
Severe LVH
Diabetes Yes
mellitus
No
HT
Yes
No
Outcome Death
Alive
SD: Standard deviation

n
24
10
11
5
19
31
28
22
15
35

Mean
31.53
88.46
132.05
323.54
142.43
64.70
100.20
86.60
210.33
39.59

SD
21.17
63.50
134.77
296.15
145.40
93.50
157.75
115.10
200.80
30.30

p-value
<0.05
(severe
LVH vs
others)
<0.05
0.74
<0.01

preload and after-load on the myocardium. This subsequently leads to LVH which in the later stages becomes
maladaptive, manifesting as clinical heart failure.9
Coronary artery disease is highly prevalent in ESRD
population owing to similar demographic profile and
underlying disease states, such as diabetes and hypertension.10 The most common cause of chronic kidney disease
worldwide is diabetes. In our study, it was the second most
common cause (38%) preceded by hypertension (56%).
A similar dominance of hypertension over diabetes was
also observed by Pianta et al in their study group (56 and
47%). Echocardiography showed LVH in majority of our
patients (52%) corroborating with findings of the study
conducted by Pianta et al11 with 56% showing LVH in their
study group. The presence of LVH is significantly correlated with increased TnT in patients with ESRD without
acute myocardial ischemia.12-15 In patients with ESRD,
the prevalence of elevated hsTnT concentrations is 100%
and these are highly prognostic of adverse events.16-19 It
is hypothesized that uremia-induced skeletal myopathy
leading to reexpression of cardiac TnT from injured or
regenerating skeletal muscle fibres may be responsible
for increased troponins in renal failure.19-23 It is also possible that patients with ESRD are more likely to sustain
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Present
study
55.18 ± 12.34
years
DM
38%
HTN
56%
LVH
52%
Troponin T 92%
positive
Troponin T 57 ng/L
median
Mortality
30%
Variables
Age

Wolley
et al29
63
years
58.2%
8%
–
98%
positive
63 ng/L

Dierkes30
64 ± 13
years
48%
–
–
83%
positive
–

Pianta
et al11
73
years
47%
56%
56%
99%
positive
69 ng/L

Deegan
et al31
64
years
16.4%
–
42.4%
27.3%
positive
–

11.2%

27.4%

–

28.7%

repeated episodes of clinically silent microinfarctions
secondary to their high incidence of coronary artery
disease. There are data indicating that serum TnT and TnI
are increased in patients with heart failure in the absence
of acute ischemia.24 However, it is unlikely that elevated
serum troponin is the result of decreased clearance by the
failing kidney. Unlike previous studies, troponin T was
measured by new generation high-sensitivity assay,25-28
and was greater than the 99th percentile for normal in
92% of patients in our study group, which was in concordance with the studies conducted by Martin Wolley29
(98%) and Pianta11 (99%) (Table 2). Hypertension (56%)
being the most prevalent comorbidity among our study
population, showed no significant difference between
the mean troponin T levels when compared to rest of the
nonhypertensive population. However, 38% of study
group having diabetes showed statistically significant
higher positive troponin T levels when compared with
rest of the population. The association between elevated
hs-TnT and mortality is consistent with previous studies
in ESRD population like those conducted by Dierkes
et al30 and a meta-analysis done by Nadia A Khan et al;
however, they used earlier generation troponin assays.
Fred S Apple concluded in his study that increases in
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cTnT in ESRD patients show a two- to five-fold increase
in mortality. To summarize the results, the study cohort
showed significant correlation of elevated troponin T with
LVH (p < 0.05), diabetes mellitus (DM) (p < 0.005), duration
of HD (p < 0.01), and mortality (p < 0.05).

CONCLUSION
It is often difficult to risk-stratify stable, asymptomatic
ESRD patients. Troponin T is a promising prognostic
tool, because elevated levels identify a subset of ESRD
patients who have poor survival and higher risk of death.
Furthermore, the assay is standardized and readily available. This analysis corroborates previous postulates that
a single elevated troponin T value is strongly predictive
of long-term mortality irrespective of cause of death.
However, being a small sample study, findings cannot
be extrapolated to larger population. Further studies on
larger sample sizes are required.
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ABSTRACT

INTRODUCTION

Introduction: Accurate diagnosis of vesiculobullous lesions
of skin requires evaluation of clinical, histopathological, and
immunofluorescence findings.

Vesiculobullous disorders represent a heterogeneous
group of dermatoses with protean manifestations.
The accurate diagnosis of bullous diseases of the skin
requires evaluation of clinical, histologic, and immunofluorescence findings. Pathologic evaluation of blisters
involves systematic analysis, which includes the blister
separation plane and the character of inflammatory
infiltrate.1 Direct immunofluorescence (DIF) is performed
on perilesional skin for patients with bullous diseases
and lesional skin for patients with connective tissue diseases and vasculitis.2 The clinicopathological spectrum
of various vesiculobullous skin lesion by their clinical
presentation, age, sex, physical and local examination of
lesion, provisional diagnosis by clinician, histopathology
by routine hematoxylin and eosin (H&E) stains, and DIF
microscopy using perilesional skin in selected cases have
been studied.

Materials and methods: A clinicopathological study of vesiculobullous lesions of skin was carried out over a period of 2 years
in a tertiary hospital, Navi Mumbai, India. Forty-one cases of
vesiculobullous disease were reported. Patients were evaluated
based on their clinical findings, histopathological, and direct
immunofluorescence (DIF) features to arrive at a definitive diagnosis in case of cutaneous vesiculobullous diseases. Biopsies
comprised lesional as well as perilesional skin.
Results: Majority of the patients (34.15%) were in the age group
of 40 to 49 years. Male to female ratio was 1:1.4. All the cases
presented with blister. Pemphigus vulgaris (PV) was the most
common vesiculobullous disease accounting for 39.02% followed
by bullous pemphigoid (BP) in 29.27%. Pemphigus foliaceus (PF)
and Hailey-Hailey disease (HDD) constituted 7.32% each. 4.88%
cases were of spongiotic dermatitis, while one case each of
Pemphigus erythematous (PE), subcorneal pustular dermatoses
(SCPD), epidermolysis bullosa acquisita (EBA), lichen planus
pemphigoid (LPP), and bullous lichen planus (BLP) accounting for 2.44%. Histopathological features were conclusive in
85.37% cases. Direct immunofluorescence was contributory
in 14.63% cases, where histopathology was inconclusive.
Conclusion: Histopathology was important for differentiating
PV from PF. A good clinicopathological correlation was seen.
Thus, correlation of clinical, histopathological, and DIF required
for definitive diagnosis of vesiculobullous lesions of the skin.
Keywords: Clinical pathology, Direct immunofluorescence
microscopy, Epidermolysis bullosa, Vesiculobullous lesions.
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AIMS AND OBJECTIVES
• To study the incidence of various vesiculobullous
lesions of skin.
• To study the various vesiculobullous skin lesions in
relation to morphology, site, different age group, and
sex.
• To correlate clinical and histopathological diagnosis of
skin lesions and to confirm with DIF wherever possible.
• Use of immunofluorescence where histopathological
features are not diagnostic.

MATERIALS AND METHODS
Study of vesiculobullous diseases with clinical, histopathological, and DIF examination wherever applicable
was conducted from October 2013 to October 2015.
During this period, 41 biopsy specimens of vesiculobullous lesions of skin were received. In all the cases, punch
biopsy from the lesional skin, including intact vesicles,
was taken for histopathological study. Another biopsy
from perilesional normal looking skin was taken for DIF.
Of the two biopsies, one was sent in 10% buffered formalin for H&E staining and another was sent in Michel’s
medium for DIF.
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OBSERVATION AND RESULTS
From October 2013 to October 2015, 1358 skin biopsies
were received for histopathological examination. Forty-one
cases were vesiculobullous lesions, representing 3.02%.
Approximately 30,000 patients attended Dermatology
Clinic, out of which 41 cases presented clinically as immunobullous diseases, constituting 0.14%.

Distribution of Cases of
Vesiculobullous Diseases
Pemphigus vulgaris (PV) was the most common vesiculobullous disease constituting 39.02% (16 out of total
41 cases), followed by bullous pemphigoid (BP) 29.27%
(12 cases), pemphigus foliaceus (PF) 7.32% (3 cases),
Hailey-Hailey disease (HDD) 7.32% (3 cases), spongiotic
dermatitis (SD) 4.88% (2 cases), one case each of pemphigus erythematous (PE), bullous lichen planus (BLP),
epidermolysis bullosa acquisita (EBA), subcorneal pustular dermatoses (SCPD), and lichen planus pemphigoid
(LPP) were encountered accounting to 2.44% each.

showed male predominance. 66.67% cases (8 out of 12)
were males and four were females (33.33%). Patients of
SCPD, BLP were males and EBA, LPP were females.

Consistency of Blisters in Vesiculobullous
Diseases
81.25% cases of PV (13 out of 16) presented with flaccid
blisters. 100% cases of PF, HHD, and BLP presented with
flaccid blisters. All cases of BP presented with tense bullae.
Blisters were tense in SD, SCPD, EBA, and LPP.

Site Distribution of Vesiculobullous Diseases
Trunk was the most common site of the blister. Blisters
were present on trunk in 93.75% cases (15 out of 16) of
PV. In BP trunk, involvement was seen in 91.67% cases
(11 out of 12). Axilla and groin was involved in all
cases of HHD. Trunk was involved in all the three cases of
PF. In 81.25% cases (13 out of 16) of PV, oral mucosa was
involved, while one case of each BP, BLP, and PF showed
the involvement of oral mucosa (Table 2).

Direct Immunofluorescence Results

Age Group and Gender Distribution
Out of 41 cases, 17 were males (41.46%) and 24 females
(58.54%). Ratio was 1:1.4. Youngest was 4-year-old boy.
A 84 years male patient was the oldest. Majority of the
patients of vesiculobullous lesions were in the age range
of 40 to 49 years (34.15%) followed by 20 to 29 (17.07%)
and 60 to 69 (14.63%) respectively. In the age range of 40
to 49 years, 11 were female and 3 male patients. Maximum
male patients were in the age group of 20 to 29 and 60
to 69 years, comprising 4 cases (23.53% of males) in each
group. Common age group for female was 40 to 49 years,
comprising 11 cases (45.83% of females) (Table 1).

Out of 41 cases, DIF was done in 38 cases, and DIF was
positive in 93.75% cases of PV and 100% cases of BP. In
these disorders, it helped in the confirmation of disease.
In diseases like SCPD, EBA, SD, LP pemphigoid and BLP,
DIF was contributory in arriving at the final diagnosis.
But DIF was not done in the cases of HHD.

Site of Antibody Deposition in DIF
The site of antibody deposition in majority of the pemphigus group was squamous intercellular spaces in
epidermis and at dermoepidermal junction in case of BP
lesions (Table 3).

Gender Distribution of Vesiculobullous Disorder
Pemphigus vulgaris showed female predominance. Out
of 16 cases of PV, 62.5% cases (10 out of 16) were females
and 37.5% cases (6 out of 16) were males. All the cases of
PF and HHD were females (100%). Bullous pemphigoid

Direct Immunofluorescence Microscopy:
Type of Antibody
IgG was the most common antibody observed in 93.75%
cases (15 out of 16) of PV. IgG along with IgA, C3 and IgM

Table 1: Age distribution in vesiculobullous diseases
Type of
disease
PV
PF
PE
BP
HHD
SD
SCPD
EBA
LPP
BLP

182

0–9
–
–
–
1 (8.33%)
–
–
–
–
–
–

10–19
1 (6.25%)
1 (33.33%)
–
–
–
–
–
–
–
–

20–29
2 (12.5%)
1 (33.33%)
–
1 (8.33%)
1 (33.33%)
1 (50%)
1 (100%)
–
–
–

Age groups in years
30–39
40–49
50–59
2 (12.5%) 8 (50%)
3 (18.75%)
–
1 (33.33%) –
–
–
–
–
2 (16.67%) 1 (8.33%)
2 (66.67%) –
–
–
1 (50%)
–
–
–
–
–
1 (100%)
–
–
1 (100%)
–
–
–
–

60–69
–
–
–
5 (41.67%)
–
–
–
–
–
1 (100%)

70–79
–
–
1 (100%)
1 (8.33%
–
–
–
–
–
–

>80
–
–
–
1 (8.33%)
–
–
–
–
–
–

Total
16 (100%)
3 (100%)
1 (100%)
12 (100%)
3 (100%)
2 (100%)
1 (100%)
1 (100%)
1 (100%)
1 (100%)
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Table 2: Site distribution of vesiculobullous disease
Disease
PV
PF
PE
BP
HHD
SD
SCPD
EBA
LPP
BLP

Oral mucosa
13 (81.25%)
1 (33.33%)
–
1 (8.33%)
–
–
–
–
–
1 (100%)

Scalp
7 (43.75%)
–
–
1 (8.33%)
–
–
–
–
–
–

Face
8 (50%)
2 (66.67%)
1 (100%)
1 (8.33%)
–
–
1 (100%)
–
–
–

Table 3: Site of antibody deposition in DIF
Squamous
intercellular
junction
Disease (Sq IC)
PV
13 (81.25%)
PF
1 (33.33%)
PE
–
BP
–
HHD
–
SD
–
SCPD
–
EBA
–
LPP
–
BLP
–

Dermoepidermal
junction (DEJ)
–
–
–
12 (100%)
–
–
–
1 (100%)
1 (100%)
–

Both Sq
ICJ and
DEJ
2 (12.5%)
–
1 (100%)
–
–
–
–
–
–
–

Neck
9 (56.25%)
1 (33.33%)
–
4 (33.33%)
–
–
–
–
–
1 (100%)

UE
13 (81.25%)
2 (66.67%)
–
10 (83.33%)
3 (100%)
1 (50%)
1 (100%)
–
–
1 (100%)

LE
12 (75%)
1 (33.33%)
–
8 (66.67%)
3 (100%)
–
1 (100%)
1 (100%)
1 (100%)
1 (100%)

Trunk
15 (93.75%)
3 (100%)
1 (100%)
11 (91.67%)
1 (33.33%)
2 (100%)
1 (100%)
–
–
–

Accordance and Discordance in
Histopathological and Final Diagnosis
Negative
1 (6.25%)
2 (66.67%)
–
–
Not done
2 (100%)
1 (100%)
–
–
1 (100%)

was seen in 5, 3, 1 case of PV respectively. IgG alone was
detected in 6 cases (37.5%). C3 antibody was observed
in 100% cases of BP. C3 was positive in 6 cases (50%),
C3 + IgG in 3 cases (25%), and C3 + IgG + IgA in 3 cases
(25%) (Table 4).

Final diagnosis was made after DIF. Histopathology was
conclusive in majority of cases (85.37%). However, it was
inconclusive in 6 cases (14.63%), either due to damage to
blister during biopsy procedure or during tissue processing or requirement of DIF microscopy to differentiate it
from their close differential diagnosis. Direct immunofluorescence helped in such cases to arrive at final diagnosis.
Among such cases, one case was PV. One was of PE. In
both these cases, blister was eroded, so histopathology
was noncontributory. In each case of EBA, SCPD, LPP,
and BLP, histopathology was noncontributory.

Accordance and Discordance between
Clinical and Final Diagnosis
Accordance between clinical and final diagnosis was
seen in 70.73% (29 out of 41 cases). Discordance between
clinical and final diagnosis was seen in 29.27% (12 out
41 cases) (Table 5).

Table 4: Type of antibodies in vesiculobullous disease
Disease
PV
PF
PE
BP
HHD
SD
SCPD
EBA
LPP
BLP

IgG
6 (37.5%)
1 (33.3%)
1 (100%)
–
–
–
–
1 (100%)
–
–

IgA
–
–
–
–
–
–
–
–
–
–

IgM
–
–
–
–
–
–
–
–
–
–

C3
–
–
–
6 (50%)
–
–
–
–
1 (100%)
–

Type of antibodies
IgG + IgA
IgG + C3
5 (31.25%)
3 (18.75%)
–
–
–
–
–
3 (25%)
–
–
–
–
–
–
–
–
–
–
–
–

IgG + C3 + IgA
–
–
–
3 (25%)
–
–
–
–
–
–

IgG + IgM
1 (6.25%)
–
–
–
–
–
–
–
–
–

Negative
1 (6.25%)
2 (66.67%)
–
–
Not done
2 (100%)
1 (100%)
–
–
1 (100%)

Table 5: Discordance between clinical and final diagnosis
Clinical diagnosis
Extensive seborrheic dermatitis
Linear IgA bullous disease
Bullous pemphigoid
IgA pemphigus (3 cases)
Bullous lichen planus (2 cases)
Pemphigus erythematous (2 cases)
Bullous herpes zoster
Lichen planus pemphigoid

PV
–
–
–
–
–
1
–
–

Final diagnosis (histopathological diagnosis in conjunction with DIF)
PF
BP
SCPD
SD
EBA
LPP
1
–
–
–
–
–
–
1
–
–
–
–
–
–
–
–
1
–
1
1
1
–
–
–
–
1
–
–
–
1
–
–
–
1
–
–
–
1
–
–
–
–
–
–
–
–
–
–
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BLP
–
–
–
–
–
–
–
1
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DISCUSSION
Pemphigus vulgaris
Pemphigus vulgaris was the most common vesiculobullous disease, constituting 39.02% (16 out of 41 cases). It
was reported as common disease in the studies of Leena
et al3 (45%), Arundhati et al7 (38.2%), and Deepti et al4
(34%). Fifty percent (8 out of 16) cases were in the age
group of 40 to 49 years. This is akin to Indian literature
where majority of patients are younger than Western
patients. Youngest patient of PV was 19 years and oldest
was 59. Similarly, in the study of Arya et al6 and Leena
et al,3 most of the patients were between 21 and 60 years.
Most of the cases presented with large flaccid bullae
(Fig. 1). Involvement of oral mucosa was seen in 81.25%
(13 out of 16 cases). This was similar to the Arundhati et
al (84.6%) and Deepti et al (88.2%) and slightly higher
in number than seen by Leena et al (66%) and Arya et al
(72.1%). Most common site was trunk (93.75%) followed
by upper extremities (81.25%) and lower extremities (75%).
Scalp and face involvement was seen in 43.75 and 50%
cases respectively. In 7 cases (43.75%) lesions were generalized. Similar site predilection was seen by Leena et al,
Deepti et al, Arya et al, and Arundhati et al.
In 68.75% cases mixed inflammatory infiltrate comprising of neutrophils, lymphocytes, and eosinophils seen in
the blister cavity. In 18.75% cases, neutrophils were chief
inflammatory cell and in 6.25% cases eosinophils were
predominantly seen (Fig. 2). In our study, inflammatory cells were absent in blister cavity in 6.25% (1 out of
16 cases) possibly due to less severity of disease and due
to the effect of steroids. Similar findings were seen by
Leena et al, where mixed inflammatory infiltrate was seen
in 94.4%, and in the study of Arya, neutrophils were seen
in 20.9% cases. While in the study of Deepti et al neutrophils were predominant (58.8%) and mixed infiltrates were

Fig. 1: Pemphigus vulgaris – large flaccid bullae on trunk
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seen in 35.2%, and eosinophils were seen in 25.6% cases
in the study of Arya et al. In all the 16 cases of PV, dermal
infiltrates were seen. Most commonly dermal interstitial
infiltrate was seen (93.75%), which was comparable to
the study of Leena et al (100%) and Deepti et al (88.2%).
Direct immunofluorescence was done in all the
16 cases of PV. In 93.75% cases, DIF was positive and in
6.25% DIF was negative. Most common site of deposition
was squamous intercellular junction in the epidermis
which was seen in 93.75% cases. Direct immunofluorescence positivity was 97.67, 92.3, 94.7, and 94.12% in the
studies of Narsimha Rao et al, Arundhati et al, Jindal
et al, and Deepti et al respectively, which was similar to
our study. Pattern of deposition was fishnet or Lacelike
(Fig. 3). IgG was seen in all the positive cases. In addition to IgG, IgA was seen in 31.25% cases, C3 in 18.75%
cases, and IgM in 6.25% cases. Similarly study of Deepti
too showed IgG in all positive cases. IgG at squamous
intercellular spaces was seen in 93.02% in the study of
Narsimha Rao et al.

Fig. 2: Pemphigus vulgaris—suprabasal separation
plane (H&E: 100×)

Fig. 3: Pemphigus vulgaris – positive DIF (IgG) at squamous
intercellular spaces in a lace-like pattern
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In 12.5% cases, DIF deposition was seen at dermoepidermal junction with squamous intercellular junction
in the epidermis. Deposition at both the site was also
observed in 13.95% cases by Narsimha Rao et al. Both
patients had severe disease and were not responding
to therapy. There were also multiple relapses in the
past. This dual deposition may be due to coexistent of
BP antigens or due to some other antibody to basement
membrane antigens. Direct immunofluorescence was
negative in one case and disease was less severe with few
vesicles. Negative DIF could be due to ongoing steroid
therapy, a good prognostic sign for the patient.

Pemphigus foliaceus

et al, who reported 100, 93, and 75% acantholytic cells in
their study respectively. Our study showed dyskeratotic
cells in 100% cases, similar to the study of Deepti et al4;
it was seen in only 8% cases by Arya et al.6
Direct immunofluorescence was done in all the 3 cases
of PF and was positive in 1 case (33.33%). Intercellular
IgG deposition was seen in upper layer of epidermis
(Fig. 5). Positive IgG in epidermal squamous intercellular
spaces was also reported by Jindal et al8 and Arundhati
et al. 7 Direct immunofluorescence was negative in
2 cases (66.67%). Negative DIF in PF was also reported
by Arundhati et al (25%). Both the patients were referred
cases and had already started with treatment. One patient
showed remission within 1 week and other did not come
for follow-up. Thus negative DIF was a good prognostic
indicator.

Out of 41 cases, 3 cases (7.32%) were diagnosed as PF,
comparable to the study of Deepti et al4 (8%) and Jindal
et al8 where 3 cases of PF were reported. All the 3 patients
were females. Female preponderance was seen by
Shafi et al9 and Deepti et al.4 Oral lesion was present in
1 case (33.33%), which was similar to the study of Deepti
et al. (25%) and Arya et al,6 where oral mucosa was
involved in 4 out of 25 cases (16%). Involvement of oral
mucosa was less in comparison to the study of Shafi et
al (47.69%). Nikolsky’s sign was positive in 100% cases.
Bulla spread sign was negative in all the cases. Nikolsky’s
sign positivity was 50, 75, and 94.7% in the study of
Arundhati et al, Deepti et al, and Arya et al respectively.
The H&E stained sections showed subcorneal bulla in
all the cases of PF. Bulla cavity contained mild neutrophilic
infiltrate and dyskeratotic keratinocytes (Fig. 4). Deepti et
al and Arundhati et al also noted subcorneal separation
in 100% cases. Predominance of neutrophils in the bulla
cavity was also noted by Arya et al. Acantholytic cells
were seen in one case (33.33%). This was in discordance
with the studies of Deepti et al, Arya et al and Arundhati

Out of 41 cases, 1 case (2.44%) of PE was diagnosed. The
incidence was comparable to the studies of Leena et al3
(2.5%) and Arundhati et al7 (2.9%). The patient was a
76-year-old female and had vesicles, erosion, and scaly
lesions over face and trunk. Similar site predilection and
scaly lesions were seen by Leena et al3 in their study.
Vesicles were situated on erythematous base. The present
study showed absence of oral lesions similar to the study
of Leena et al. Histopathology was inconspicuous as the
blister was eroded either during the biopsy procedure or
tissue processing. Blister was also eroded in the study of
Leena et al. Direct immunofluorescence showed the deposition of IgG at both squamous intercellular spaces and at
dermoepidermal junction. The findings were similar to
the study of Arundhati et al7 and Jindal et al8; they also
observed 100% positivity of IgG in DIF at both squamous
intercellular spaces and at dermoepidermal junction. Thus,

Fig. 4: Pemphigus foliaceus – subcorneal separation plane
(H&E: 100×)

Fig. 5: Pemphigus foliaceus – DIF showing strongly positive
IgG at squamous intercellular spaces in upper epidermis

Pemphigus erythematous
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Fig. 6: Pemphigus erythematous – IgG positive at both sq.
intercellular junction and dermoepidermal junction

Fig. 7: Bullous pemphigoid – large tense bullae

the clinical findings of scaly lesions on face and characteristic positive DIF finding helped in arriving at final diagnosis
in spite of damage to the blister in paraffin sections (Fig. 6).

Direct immunofluorescence was positive in all the
12 cases and showed linear deposition at dermoepidermal
junction. C3 was positive in all the cases (100%) (Fig. 9).
Similarly 100% positivity in DIF at dermoepidermal junction was reported by Jindal et al, Mahmood et al, and
Deepti et al. C3 was the most common antibody in all
the studies. We also observed C3, IgG, and IgA positive
cases were more severe and of longer duration than rest
of the cases.

Bullous pemphigoid
Bullous pemphigoid was the second most common disease
comprising 12 cases (29.27%). The youngest patient was
4-year-old boy and oldest was 84 years male.
Tense blisters were seen in all the 12 cases (100%)
of BP. Blisters were situated on erythematous base in
10 cases (83.33%). Similarly an erythematous base was
seen in 9 cases (69.9%) in the study of Deepti et al.
Tense vesicles on erythematous base were seen in 90.9%
cases in the study of Leena et al. Most common site
was trunk (91.67%) followed by upper extremity (83.33%)
and lower extremity (66.67%). Similar sites were involved
in the studies of Leena et al and Deepti et al. Involvement of oral mucosa was seen in only 1 case (8.33%)
in the present study. The study by Deepti et al and
Leena et al also showed similar findings. Arundhati et
al reported involvement of oral mucosa in 18.2% cases
(Fig. 7).
The H&E stained sections show a subepidermal bulla
in all the cases (100%). In 7 cases (58.33%) eosinophils
were predominant inflammatory cells in bulla cavity
and in 5 cases (41.67%) there were mixed inflammatory
infiltrate comprising eosinophils, lymphocytes, and
neutrophils (Fig. 8). Comparison of histopathological
features of different studies is shown in Table 6.

Hailey-Hailey Disease
Three cases (7.32%) were diagnosed as HHD. Arundhati
et al7 reported 1 case (1.5%) and Jindal et al8 reported
1 case (1.6%) of HHD in their study of 68 cases and
60 cases of vesiculobullous disease respectively. Incidence
of HHD was slightly higher in the present study than in
other studies. Two patients were from the same family.
Yordanova et al10 and Sangoram et al11 also reported
positive family history.
All the patients had characteristic involvement of
the intertriginous areas like axilla, groin, and submammary area. No other part of the body or oral mucosa
was affected. Similar site of predilection was also
seen by Yordanova et al and Sangoram et al. Vesicles
and papules were situated on erythematous bases
in all the cases (100%). Yordanova et al and Sangoram et
al also observed the erythematous base of vesicles and
papules.

Table 6: Comparison of histopathological changes in BP
Parameters
Level of split
Bulla content

Histopathological changes
Subepidermal
Eosinophils predominance
Mixed inflammation
Epidermal changes Spongiosis
Dermal infiltrate
Interstitial inflammatory infiltrate

186

Present study (%)
100
58.33
41.67
–
83.33

Deepti et al4 (%)
92.3
76.4
15.3
–
84.6

Arundhati et al7 (%)
72.3
90.91
9.09
–
100

Leena et al3 (%)
100
–
100
18
100
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Fig. 8: Bullous pemphigoid – blister at the dermoepidermal
junction (H&E: 400×)

Fig. 9: Bullous pemphigoid—positive C3 at
dermoepidermal junction

The H&E stained sections revealed the suprabasal
blister, acantholytic cells, villi, dilapidated brick wall in
all the 3 cases (100%). Dilapidated brick wall formed due
to partial detachment of keratinocytes in the epidermis.
Arundhati et al7 also reported villi and acantholytic
cells in 100% of the cases. Characteristic “dilapidated
brick wall” was also observed by Yordanova et al and
Sangoram et al. Direct immunofluorescence was not done
in cases of HHD in our study, as DIF is reported negative
in all the cases in literature, and diagnosis was based on
high clinical suspicion and also the site of involvement
being axilla and groin. Histopathological findings of villi,
“dilapidated brick wall” like structure of epidermis and
absence of inflammatory infiltrate were quite characteristic of HHD (Fig. 10).

Two cases (4.88%) were diagnosed as spongiotic dermatitis. Deepti et al4 reported 4 cases (8%) of spongiotic
dermatitis in their study of 50 cases of vesiculobullous

lesions, which was slightly higher than our study. Blisters
were tense and seen on erythematous base in both cases
(100%). Trunk was the most common site (100% cases).
Similar site of predilection was also noted by Deepti
et al. The H&E stained sections showed intraepidermal
blister along with spongiosis and lymphocytic infiltrate
within the blisters. Dermis also showed the interstitial
infiltrate (100% cases). Acantholytic cells were also seen
(Fig. 11). This was similar to the findings of Deepti et
al, who observed intraepidermal blister and spongiosis
in 100% of the cases. However, neutrophils were predominant in their study, suggesting the acute spongiotic
dermatitis and in our study lymphocytic predominance
suggested the chronic spongiotic dermatitis. Direct
immunofluorescence was done to confirm the diagnosis
of spongiotic dermatitis. Direct immunofluorescence was
negative in both the cases (Fig. 12). Thus negative DIF
finding confirms the diagnosis of spongiotic dermatitis
and ruled out PE which was given as clinical diagnosis
in one case.

Fig. 10: Hailey-Hailey disease – blister, villi, and dilapidated
brick wall-like structure in epidermis (H&E: 100×)

Fig. 11: Spongiotic dermatitis – spongiosis and intraepidermal
cleft (H&E: 400×)

Spongiotic dermatitis
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Fig. 12: Spongiotic dermatitis – negative DIF

Fig. 13: Epidermolysis bullosa acquisita – dermoepidermal
separation plane with plenty of lymphocytes (H&E: 100×)

Epidermolysis Bullosa Acquisita

Subcorneal Pustular Dermatoses

Out of 41 cases, 1 case (2.44%) was diagnosed as EBA.
The incidence was similar to Leena et al3 (2.5%) and
Narsimha Rao et al5 (3.03%) in their study of 40 and
66 vesiculobullous lesions respectively. The patient was
a 48-year-old female and tense vesicle and bulla were
seen on bilateral lower extremities following trauma in
this study. Previous history of trauma was also present
in the case of Leena et al. Some papules were also seen.
Base of the blister was erythematous. Bulla spread sign
and Nikolsky’s sign both were negative.
Histopathological examination of blister revealed
subepidermal bullae with plenty of lymphocytes
within blister cavity. Mild acanthosis was also noted.
Histopathological diagnosis of BP was made. Leena et
al also reported lymphocytes in the blister cavity in case
of EBA (Fig. 13). Direct immunofluorescence revealed
IgG deposition at dermoepidermal junction. C3 was
negative. This was similar to the findings of Narsimha
Rao et al5; they also reported 100% positivity of IgG in
EBA. Previous history of trauma, subepidermal blister
with plenty of lymphocytes, and presence of IgG at
dermoepidermal junction favors diagnosis of EBA over
BP (Fig. 14).

One case (2.44%) was diagnosed as SCPD. Similar incidence was seen in the study of Arundhati et al7 (2.9%).
The patient was a 20-year-old male. He had tense vesicles,
pustules, and few crusted lesions over face, upper extremities, lower extremities, and trunk. Oral mucosa was not
involved. Vesicles were situated on erythematous base
and associated with itching and burning.
The H&E stained sections showed a subcorneal blister
with dense infiltrate of neutrophils. Mild acanthosis and
few acantholytic cells were seen. Papillary dermis also
showed the interstitial and perivascular inflammatory
infiltrate. Similar clinical presentation and histopathological findings were seen by Arundhati et al7, Velez
et al.12 Direct immunofluorescence was negative in this
case. Negative DIF was also reported by Arundhati
et al. Blisters in the SCPD are indistinguishable from the
blister of PF and IgA pemphigus. Direct immunofluorescence proved to be the only tool to differentiate these
disorders.

Fig. 14: Epidermolysis bullosa acquisita – positive IgG at
dermoepidermal junction
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Lichen Planus Pemphigoid
Out of 41 cases, 1 case (2.44%) was LPP. The patient was
a 40-year-old female similar to the findings of Harting
et al.13 Patients had lesions of lichen planus over trunk
and lower extremities. Later tense vesicles developed on
lower extremities over the lesions of lichen planus and
also on normal appearing skin. Oral mucosal involvement
was absent. Nikolsky’s sign and Bulla spread sign was
negative. Blisters were situated on erythematous base and
associated with itching. Similar clinical presentation and
site of distribution was seen by Harting and Hsu13 and
Farshchian and Rahmatpour.14
The H&E stained sections showed a subepidermal bulla with mixed inflammatory infiltrate of neutrophils and lymphocytes. Eosinophils were not seen.
Epidermis was showing mild acanthosis. No lichenoid change of the epidermis and dermis seen. Similar
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histopathological findings were seen by Gawakrodger
et al. 15 Direct immunofluorescence showed a linear
deposition of C3 at dermoepidermal junction. Positive
C3 was reported by Harting and Hsu and Farshchian
and Rahmatpour.
In this case, more blisters were seen on the lichenoid
lesion and few on the normal skin, thus the clinical diagnosis of BLP was made. Histopathological examination
was inconspicuous. It could not differentiate between
BLP and LPP. Positive DIF finding was essential for the
diagnosis of LPP.

Bullous Lichen Planus
One case (2.44%) was diagnosed as BLP. The patient
was a 67-year-old male and had lesions of lichen planus.
Later vesicles developed on normal skin as well as on the
lesions of lichen planus. Thus the clinical diagnosis of
LPP was made. Vesicles were flaccid and present on the
neck, upper extremity, and lower extremity. Oral lesions
were present and blisters were seen on nonerythematous
skin. Nikolsky’s sign and Bulla spread sign were negative. Itching was present. Similar clinical presentation
was also noted by Verma et al16 and normal skin was also
involved in their study.
The H&E stained sections revealed a subepidermal
blister and the cavity contained mixed inflammatory
infiltrate comprising dense lymphocytic infiltrate along
with eosinophils and neutrophils. Dense lymphocytic dermal infiltrate was seen in papillary dermis;
however, other changes of lichen planus were not seen.
Predominance of lymphocyte was seen by Gawkrodger
et al15 and Verma et al.16 Direct immunofluorescence
was negative. This led to the diagnosis of BLP. Negative
DIF was reported by Verma et al and Gawkrodger et al.
Histopathology could not reliably distinguish between
BLP and LPP, hence DIF was essential for the confirmation of the diagnosis.

CONCLUSION
Clinical examination is the first step in diagnosis of vesiculobullous diseases. Histopathological examination and
DIF are required for making definitive diagnosis. Direct
immunofluorescence is helpful where histopathological features are inconclusive. However, histopathology
remains the gold standard in differentiating PV from
PF. Direct immunofluorescence from perilesional skin
biopsies is helpful in arriving at definitive diagnosis,
particularly in cases where there is loss of epidermis of
lesional skin for histopathology during biopsy procedure
or tissue processing. Hence, clinical histopathological
and DIF features are considered together to arrive at
final diagnosis, as these methods may not be diagnostic
individually in each and every case.
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Draining Carcinoma
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ABSTRACT
Lymph nodes draining tumors are considered anatomic barriers
to tumor spread. The involvement of lymph nodes by metastatic spread of tumors signifies the start of a new phase in the
progress of a cancer. It indicates that through a succession of
molecular changes, the cancer cells have acquired phenotypes
that enable them to invade, colonize, and disseminate. Lymph
node status is one of the most important indicators of clinical
outcome. Lymph nodes are also the site where specific immune
interactions between tumor antigens and lymphoid cells take
place. Enlargement of nodes may be caused by spread of cancer
cells or due to reactive hyperplasia of lymph nodes in response
to tumor-associated antigens (TAA). The various lymphoid cell
populations react in various ways, giving rise to different morphologic patterns. Only a few studies have investigated possible
correlations between the patterns of lymph node reactivity and
prognosis in malignant tumors.
Histological analysis of the patterns in the regional lymph
nodes draining the tumor could elucidate the immunological
host–tumor relationship and provide additional information on
patient survival. Increasing size of the tumor, higher grade,
and stage are likely to show decreased number of reactive
lymph nodes. More extensive studies on lymph node immune
response patterns will be helpful in providing information on
patient prognosis.
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INTRODUCTION
Carcinomas spread predominantly by the lymphatic
route. Lymph nodes draining a primary tumor are considered anatomic barriers to the spread of the malignancy.
The involvement of lymph nodes by metastatic spread of
tumors signifies the beginning of tumor metastasis. This
process indicates that through a succession of molecular
changes, these cancer cells have acquired phenotypes
Professor
Department of Pathology, Yenepoya Medical College, Mangaluru
Karnataka, India
Corresponding Author: Prema Saldanha, Professor, Department
of Pathology, Yenepoya Medical College, Mangaluru, Karnataka
India, Phone: +91-8242411422, e-mail: premasaldanha@
yahoo.co.in

190

that enable them to invade, colonize, and disseminate.
Lymph node status is a very important predictor of
clinical outcome. Lymph nodes are also the site where
specific immune interactions between the tumor antigens
and the lymphoid cells take place. Enlargement of nodes
may be caused by spread of cancer cells to the lymph
nodes or due to reactive hyperplasia of lymph nodes
in response to tumor-associated antigens (TAAs). The
various lymphoid cell populations react in various ways,
giving rise to different morphologic patterns. Only a few
studies have investigated possible correlations between
the patterns of lymph node reactivity and prognosis in
malignant tumors.
The lymph nodes form a major part of the lymphatic
system and are located in small groups or chains at locations where they drain the lymphatics from various anatomic regions. This process involves not only mechanical
filtration of the foreign substances present in the lymph but
also the recognition and processing of foreign antigens. The
lymph nodes exhibit a complex architecture in which the
various cell populations are arranged in distinct compartments. This provides a favorable environment suitable to
process antigens, and generate the immune response.1,2
Normal lymph nodes are not palpable. They become
detectable as a result of intense immunological reactions or tumor metastasis. The characteristics of each
group of lymph nodes vary in relation to location in the
body; mesenteric nodes have wider medullary cords
and sinuses, whereas peripheral nodes, particularly
those draining areas of active antigenic stimulation, like
the neck and abdomen, have larger and more numerous germinal centres.1,3 The lymphatic sinuses carry the
lymph from the afferent lymphatics on the surface of
the lymph node through the lymphoid parenchyma into
the efferent lymphatics in the lymph node hilus. The
phagocytic apparatus of the sinuses filters the lymph,
retaining foreign bodies, and plays an important role in
antigen binding. The passage of lymph and cells from
one chain of lymph nodes to the next is a means by which
the immune response is conveyed from the peripheral to
the more central lymph nodes.1 Regional lymph nodes
draining tumor-bearing organs are considered anatomic
barriers to tumor spread. They are also the site where
specific immunological interactions between tumor antigens and reacting lymphoid cells take place. The primary
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antitumor function of lymph nodes is not only filtration
but also immunologic tumor surveillance.1,4

LYMPH NODE METASTASIS
Tumor spread to regional and distant lymph nodes occurs
via lymphatic vessels whose proliferation is promoted
by growth factors. Tumor lymphangiogenesis, which
contributes actively to tumor dissemination, is stimulated by vascular endothelial growth factors (VEGF) like
VEGF-C and VEGF-D, which are essential for lymph node
metastases. Tumors that metastasize are characterized
by increased lymphangiogenesis, which could serve as
a predictor of tumor dissemination.5,6
The recently refined techniques of sentinel detection of
micrometastases have shown that changes in the lymph
node microenvironment involving lymphatics, dendritic
cells, and particularly the responding T cells may begin
even before the metastatic cancer cells have arrived in the
lymph node.5,7 Consequently, the regional lymph nodes
are commonly enlarged as a result of reactive lymphadenopathy, tumor metastasis, or both.5
The involvement of lymph nodes by metastatic spread
of tumors signifies the start of a new phase in the progress
of a cancer. It indicates that through a succession of molecular changes, the cancer cells have acquired phenotypes
that enable them to invade, colonize, and disseminate.
Establishing the presence of metastatic tumor in lymph
nodes is essential for the management and prognosis of
cancer. Lymph node status is the most important indicator
of clinical outcome.8
The anatomic location and the number of lymph nodes
involved are also important indicators of the process, and
new methods, such as sentinel lymph node biopsies, have
been devised to answer questions of staging. Not infrequently, a lymph node metastasis is discovered before an
occult primary tumor is detected.8 The presence of metastases in reactive lymph nodes is sometimes difficult to
establish. The introduction of sentinel lymph node biopsy
as an effective method of sampling potentially metastatic
lymph nodes has had the additional benefit. The use of
more sensitive assays for the detection of micrometastases is currently practiced. Despite the development of
many advanced and sophisticated diagnostic techniques,
histopathologic examination of the neck dissection material remains the most valid method for detecting occult
metastasis. The true incidence of micrometastases is
difficult to determine because no technique is capable of
detecting all the foci of micrometastases. Moreover, even
in experienced hands, micrometastases or the extent of
metastases may be overlooked. Immunohistochemistry
and polymerase chain reaction for pankeratin (AE1/AE3)
as well as CK19/20 are very helpful in detecting occult
micrometastasis.1,9-14 Detection of mutated KRAS has

been found to be useful in carcinoma of the breast.1,15 The
technique of triple-leveling16,17 has been used for various
tumors. The blocks containing lymph nodes showing no
evidence of metastatic tumor are further cut at two extra
levels separated by 1 mm. The original section obtained
is counted as the first level, and the extra two sections cut
become the second and third levels. As a result, patients
are upstaged when micrometastases are found in sentinel
lymph nodes that were not detected by the regular histologic approach. However, the prognostic significance
of micrometastases in the setting of various tumors has
not yet been established.8
The sentinel node concept implies that the lymphatic
drainage from a primary tumor first drains to a certain
locoregional lymph node specific for each individual
and that its tumor status is representative for the entire
lymphatic field. The concept is established in staging for
various cancers. A sentinel node derived from a primary
tumor contains specific tumor-reactive lymphocytes that
have immunological reactivity toward the tumor. The
first lymph nodes draining various types of metastases
by lymphatics named “metinel nodes” show both the
analogy and difference to the well-known term sentinel
node, which is the first node to receive lymphatic drainage from a primary tumor.18,19
The major cause of the morbidity and mortality associated with tumors is metastasis. Although substantial progress has been achieved in the early diagnosis and treatment
of malignant tumors, mechanisms of dissemination remain
largely unknown. The elucidation of such mechanisms is
essential to prevent metastases and cure cancer. Tumor
metastasis is a complex phenomenon based on a cascade
of interdependent events: Detachment of cells from the
primary tumor, advancement through the tumor matrix,
penetration through the basement membranes of lymphatics and blood vessels, circulation through the vascular
flow, arrival in remote organs, and formation of independent colonies with their own growth factors and vascular
supply.20 Primary tumors are largely heterogeneous and
so may include cells endowed with a capacity for growth
autonomy and metastasis.7 It is also possible that the potential for metastasis arises through mutations, with new variants generated and selected during tumor development.21
Tumor cells and tumor-infiltrating lymphocytes (TIL), both
in the primary tumor and in its metastases are engaged in
reciprocal death-inducing activities. The interactions of
tumor cells and TIL may result in the apoptosis of either
cell. Tumor cells progressively acquire the characteristics
necessary for invasion and metastasis, which characterize
the metastatic phenotype. Consequently, the success or
failure of a tumor to invade and metastasize depends on
the interaction of gene products released by stimulatory
and inhibitory metastasis genes.22
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Examination of the environment in the immediate
vicinity of neoplastic tissue has clearly indicated that
lymphoid cells infiltrate the tumor in large numbers. It
has been found that T cells predominate in the infiltrates
in primary tumors and this pattern was evident regardless
of anatomic site or the presence or absence of metastatic
spread. In contrast, B cells predominate at the margins
of tumor metastases. Thus, examination of local factors
in and around such neoplastic tissues may eventually
explain how an apparently effective immune response is
subverted.4,23 Tumor cells spread by lymphatics to lymph
nodes and disseminate the disease. Metastatic tumor cells
first appear in the marginal (subcapsular) sinus, from
which they penetrate the medullary sinuses, medulla,
and cortex; the eventual result may be total parenchymal
replacement. Even before metastatic tumor cells are present
in the lymph node, reactive changes take place which reorganize favorably the microenvironment. The importance
of tumor lymphangiogenesis has lately been proven in
studies where high levels in colorectal cancer specimens
of lymphangiogenic peptides, and vascular endothelial
growth factor (VEGF)-C and/or VEGF-D promote tumor
lymphangiogenesis which increase the proliferation of
endothelial cells in high endothelial venules, resulting in
blood- and lymph-enriched lymph nodes.8,18,19,24
Cancer management and prognosis depend to a great
extent on the presence and degree of tumor metastasis.
These are evaluated by staging tumors according to the
internationally accepted tumor-node metastasis (TNM)
system. Of all the various criteria used as prognostic
factors, the most powerful remains the description of
anatomic spread according to the TNM staging. This
classification by stage is as follows: Stage 0, preinvasive
neoplasia; stage I, tumor confined to the organ of origin;
stage II, direct tumor spread outside the organ of origin;
stage III, metastasis to regional lymph nodes; and stage
IV, metastasis to distant sites. Each successive stage in
the TNM system indicates a significant decrement in the
prognosis. The diagnosis of lymph node tumor metastasis
is therefore essentially important for cancer therapy. This
consists not only of establishing the presence of lymph
node metastasis but also of evaluating the site of the
primary tumor and its degree of histologic differentiation
and determining the tumor cell phenotype and prognostic
indicators of tumor cell behavior.8
At present, only the number of metastatic lymph
nodes (positive lymph nodes) is used for the pN category
of TNM system. This has been criticized as an oversimplification because the number of metastatic lymph
nodes is influenced by the total number of examined
lymph nodes (eLNs) and may increase the probability
of stage migration. The eLNs have been demonstrated
to affect both staging accuracy and oncological outcomes
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in node-positive patients. The optimal eLNs for reliable
prognostic stratification is less clear until now. If the
surgeons and pathologists do not succeed in meeting
minimal nodal staging, the pN category may be not
accurate enough.25 The number of nodes involved is more
significant prognostically than the actual nodal stage.
It is therefore important that a maximum number of
lymph nodes be examined microscopically. There is some
evidence that the presence of immunohistochemically
detected micrometastases may also carry some prognostic
significance.26 Several methods have been tried to increase
the yield of lymph nodes during grossing, including techniques like dye-injection and fat clearance.27,28
Over the past few years, the ratio of metastatic to
examined lymph node has been studied widely. Nearly
all researchers demonstrated that the metastatic lymph
node ratio (MLNR) is an independent prognostic factor
i.e., highly related to the survival of patients with colon
cancer and it has been recommended that the MLNR
should be applied in prognostic assessment.25,29,30 Lymph
nodes play an essential role in the control of tumor progression. In response to the antigenicity of tumor cells,
regional lymph nodes may initiate and develop complex
immune reactions. At the same time, they may entrap circulating tumor cells that have originated in their tributary
territories; acting as efficient barriers, the lymph nodes
may be able to destroy invading tumor cells completely,
or at least stop their dissemination temporarily. Lymph
node metastasis, in contrast to the vascular spread of
tumors, presents an opportunity, even if temporary, for
surgical intervention. In addition, because of their accessibility, lymph nodes with metastatic tumor present the
best opportunity for primary tumor diagnosis through
biopsy and histologic evaluation.8

LYMPH NODE REACTION TO TUMOR
In response to TAAs, the various cell populations of
regional lymph nodes react in different ways, giving rise
to a multitude of morphologic patterns. The term tumorreactive lymphadenopathy is used which is defined
as reactive, enlarged, regional lymph nodes draining
tumors.5 The tumor cells may induce various tissue
reactions, such as reactive follicular hyperplasia, sinus
histiocytosis, angiogenesis, and foreign-body granuloma
formation. Some metastatic tumors elicit intense desmoplastic reactions, which contribute to the partial or total
replacement of lymphoid tissues. Finally, radiotherapy
or chemotherapy may wipe out lymphoid tissue with
the tumor and create an unusual histologic appearance
of the lymph nodes affected.8,31
A few studies have been devoted to the analysis of
such reactions, in an effort to understand the mechanisms
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of lymph node metastases. Some studies have correlated
various histologic patterns of reactive lymph nodes
with the dissemination of tumors in cancers of various
organs.5 Tumor-associated antigens, shed by tumor cells
or released by cell death, in addition to viable tumor
cells, are carried by lymph to the draining lymph nodes,
providing constant nonspecific and specific stimulation. Thus, various defense reactions may be triggered,
including phagocytosis, production of antibodies, and
sensitization of lymphocytes. Such reactions were investigated in various studies by determining the amounts
and types of immunoglobulins in pericancerous lymph
nodes and by immunohistochemically detecting epitopes
of tumor-associated glycoproteins in the draining lymph
nodes. However, the nature of the molecules capable of
stimulating immune responses in cancer patients is still
unknown: In particular, possible relationships between
expression of TAAs and in vivo immunogenicity of the
tumor still need to be clarified.32
Various defense mechanisms are variably activated to
withstand the progress of tumors. Cytotoxic T lymphocytes and natural killer cells are mediators of immune
responses against tumor cells and, as TIL, they are constant companions. In the interaction between tumor cells
and TILs resulting in reciprocal apoptosis, an important
effective system is represented by Fas and its ligand Fas-L,
expressed by both the tumor cells whether primary or
metastatic and the TIL.5
Sinus macrophages, lymphatic endothelial cells, and
follicular dendritic cells in the unaffected lymph nodes
show immune reactions with monoclonal antibodies
against epitopes of some tumor- or colon-associated
glycoproteins that are similar to their reaction to the carcinoma cells of the colonic tumor. In a study of primary
and metastatic melanoma, identical T-cell responsive
sequences, representing clonal expanded T-cells, were
detected both in the tumor and in the draining lymph
nodes, sometimes even in the absence of tumor cells.5
It has been found that as the tumor mass increases in
the lymph nodes, the density of S100 + dendritic cells and
of cytotoxic T lymphocytes decreases, indicating that the
immune response of the tumor-bearing host was getting
progressively inhibited. A relationship between immune
deficiency and tumor occurrence and aggressiveness
is generally well documented. Not infrequently, markedly enlarged and firm lymph nodes removed as part
of radical tumor excision reveal no tumor metastasis on
microscopic examination. The morphologic changes of
lymph nodes draining tumor-bearing organs provide
evidence for antitumor immune reactivity. Recognition
of the histologic patterns of lymph node reactivity to the
presence of tumors is an important objective in the study
of biopsy and surgical specimens.5 A number of studies

have investigated possible correlations between patterns
of lymph node reactivity and prognosis, so far without
firm, conclusive results including colon,33-37 stomach,38
oral,39,40 breast,41,42 lung,43,44 and the uterine cervix.45
Reactive lymph node hyperplasia is the enlargement
of lymph nodes or other lymphoid tissue as a result of
stimulation of the lymphoid cells by various antigens. It
is a benign, reversible process. The immune responses in
lymph nodes may be predominantly of B-cell type, characterized morphologically by either follicular hyperplasia
or plasmacytosis, or predominantly of T-cell type, with a
characteristic pattern of T-cell hyperplasia.46,47
Lymphadenopathies tend to exhibit one of the four
characteristic histologic patterns, including follicular,
sinusoidal, diffuse, or mixed. These patterns represent
expansions of the normal follicular, paracortical, medullary, and sinusoidal lymph node compartments. The
histologic patterns vary with the etiologic agent, the age of
the lesion, as well as with the immune competence status
of the host. Therefore, combined or mixed overlapping
architectural features are a more common finding than
clearly defined histologic patterns on biopsy specimens
of lymph nodes without metastasis.48 A proposal for a
standardized system of reporting human lymph node
morphology in relation to immune reaction was published in 1973 by the World Health Organization. The
authors recommended a topographic examination of
the lymph node sections with separate descriptions of
the functional areas: Cortex with follicles and germinal
centers, paracortex, sinuses, and medullary cords. Studies
of regional lymph nodes in tumors of various organs
show histologic patterns of reactions, possibly with prognostic implications. One of four major histologic patterns
may be seen, and more often combinations thereof.49 The
four major patterns include lymphocyte predominance,
germinal center predominance, sinus histiocytosis, and
lymphocyte depletion. A granulomatous reaction has
been described rarely.
In lymphocyte-predominant tumor-reactive lymphadenopathy, lymph nodes are enlarged particularly
because of the increased number of lymphocytes in the
paracortical areas (T-cell zone). The lymphoid follicles
are effaced, and the nonreactive germinal centers are
mostly inapparent, whereas the paracortex is markedly
thickened. Such lymphoid hyperplasia may or may not
be associated with sinus histiocytosis. The pattern is
thought to reflect changes related to cellular immunity
and to be associated with an earlier diagnosis and a better
prognosis.33-37,41-45
In germinal center-predominant tumor-reactive
lymphadenopathy, the lymph nodes are enlarged, but
the increase in volume is caused by hyperplasia of follicles, particularly the germinal centers, which is the
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B-cell zone.6 Reactive follicular hyperplasia is the B-cell
response to various antigens. A predominantly B-cell
response is characterized by hyperplasia of germinal
centers and therefore by a follicular pattern. Centroblasts,
centrocytes, and mantle zone cells are all reactive with
the pan-B-cell monoclonal antibodies CD19, CD2, CD22,
and CD79a.5,48
The germinal centers are prominent and the medullary
cords are also enlarged and contain increased numbers of
plasma cells. Sinus histiocytosis may coexist with these
changes, which are considered to be associated with
humoral immunity. Follicles and germinal centers reactive in a tumor-free lymph node may remain reactive in
lymph nodes largely replaced by metastatic tumor.5 The
lymph node follicles become numerous and enlarged,
located not only in one row in the cortex but also in two
or three rows in the paracortex, corticomedullary junction,
and sometimes even the medulla.49 They vary considerably in size and shape, occasionally coalesce, and display
dumbbell, hourglass, or other bizarre configurations. The
mantle zone and germinal center are sharply demarcated
in a reactive follicle.46
The germinal centers are prominent and hyperplastic and composed mostly of large, primitive cells with
numerous mitoses. These comprise a mixture of small
and large lymphoid cells, centrocytes, and centroblasts.
The centroblasts accumulate at the medial pole of the
germinal center, forming a darker zone in contrast to
a lighter zone toward the peripheral pole occupied by
centrocytes. Characteristic features of follicular hyperplasia are the persistence, at least in part, of a lymphocytic
mantle around the germinal centers, and the presence
of tingible-body macrophages (i.e., macrophages with
engulfed nuclear debris) scattered throughout the germinal centers, and alternating with the cells in mitosis
in the dark zone, creating the characteristic “starry-sky”
pattern. Surrounding the activated germinal centers
are concentric, thick, darkly staining layers of small
inactivated lymphocytes forming the mantle zone of the
secondary follicles. Large numbers of lymphocytes may
infiltrate the capsule and perinodal fat or surround the
lymphatics and blood vessels.46
Sinus histiocytosis is associated with a more favorable prognosis. A predominance of sinuses characterizes
the morphologic pattern of sinus histiocytosis, which
can occur in isolation or together with one of the preceding patterns. The lymph node is enlarged by markedly
distended sinuses and hyperplasia of the sinus histiocytes. The pale staining of histiocytes and endothelial
cells that line the branching lumina contrasts strongly
with the dark staining of lymphocytic areas and produces the characteristic appearance of sinus histiocytosis.6 Monocytoid B lymphocytes with abundant pale
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cytoplasm, round to slightly indented nuclei, open chromatin, and inconspicuous nucleoli distend the subcapsular and medullary lymph node sinuses and resemble
monocytes or histiocytes. They appear as patches or perivascular aggregates of cells. Histiocytes and macrophages
are selectively immunostained with CD68, HAM56, and
MAC 387 antibodies and sinus endothelial cells with
CD31 and CD34 antibodies.48
Sinus histiocytosis may be difficult to distinguish
from some types of metastatic carcinoma including
micrometastasis. Distention of sinuses and hyperplasia
of histiocytes is commonly seen in lymph nodes draining malignant tumors before or in the process of being
invaded by metastases. Immunohistochemical stainings
with cytokeratin antibodies are very useful, not only in
the detection of micrometastases but also in differential
diagnosis. However, not all cytokeratin-positive cells in
lymph nodes are carcinoma cells, as other normal cells
like dendritic cells and endothelial cells are also stained.
The use of a panel of B- and T-cell marker antibodies to
identify the lymphoid cells and the use of histiocyte/
monocyte marker antibodies to highlight the histiocytes
is indicated for this particular problem. Immunostaining
for carcinoembryonic antigen or other TAAs is indicated
to detect them in tumor-draining lymph nodes.5
In lymphocyte depletion, the lymph node is of normal
or diminished size, and the lymphocytic population is
depleted. The loosely packed lymphocytes are separated by deposits of amorphous substance and areas of
fibrocollagen. The vessels have thick walls, with hyaline
deposits. Diffuse fibrosis and patchy deposition of hyaline
involve both the cortex and medulla. These changes are
considered to reflect an exhausted (“burnt out”) lymph
node and to be associated with metastases and a poor
prognosis.41-45
Granulomatous reaction comprising clusters of
epithelioid histiocytes sometimes resembling nonnecrotizing granulomas may be seen in draining lymph
nodes. Atypical cells singly or in small clusters may be
seen occasionally, however they are not accompanied by a
desmoplastic reaction, and their origin, usually histiocytic
or dendritic, can be determined by immunohistochemical staining.5
Pattern of lymph node reaction has shown that
patients with colorectal carcinoma in whom the regional
lymph nodes show morphologic evidence of a cellmediated immune response (manifested by an increased
number of paracortical immunoblasts and/or sinus
histiocytosis) survive longer than those patients whose
nodes do not show these changes.33-37 Studies suggest
that the immune response of the patient against antigens
expressed on tumor cells may influence the behavior of
colorectal carcinomas. In this study, particular epitopes
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of TAG-72 and CAA were detected in antigen-presenting
cells, such as peritumoral and sinus macrophages, in
sinus endothelial cells, and in germinal centers of regional
lymph nodes.15
Immunostaining of germinal centers tended to be
localized at the periphery, assuming a circular or crescentic shape. This pattern of immunostaining parallels
the distribution of antigen-presenting follicular dendritic
cells, which entrap and process soluble antigens for presentation to B-lymphocytes.32 The best 5-year survivals
were seen in patients whose lymph nodes demonstrated
immunologic responses in the form of a lymphocyte predominance pattern and, to a lesser degree, the germinal
center predominance pattern. Patients whose lymph
nodes demonstrated no morphologic evidence of an
active immunologic response, in the form of an unstimulated pattern, or patients whose lymph nodes showed
the lymphocyte depletion pattern had the poorest 5-year
survival rate. Further analysis of our results shows that
the lymphocyte predominance pattern was found to be
more common in nonmetastatic cases and in carcinomas
of a high grade of differentiation. Also, it is interesting that
the survival rate in cases with lymphocyte predominance
pattern and in cases with metastases to the regional lymph
nodes was higher.50
Lymph nodes with combined B- and T-cell hyperplasia
were significantly more common in cases of good tumor
differentiation. The findings suggest that sinus histiocytosis and hyperplasia of both major lymphocyte populations are morphological expressions of in vitro antitumor
immunoreactivity in the regional lymph node.35
The clinical value of lymph node size in colon cancer
has been investigated only in a few studies. Only in
radiological diagnosis is lymph node size routinely recognized, and nodes >10 mm in diameter are considered
pathologic. However, the few studies regarding this topic
suggest that lymph node size is not a reliable indicator
of metastatic disease. The prognostic relevance of lymph
node size was investigated in a subset of cases. The occurrence of >7 lymph nodes that were 45 mm in diameter
was significantly associated with better overall survival.
Our data show that lymph node size is not a suitable
factor for preoperative lymph node staging. Minute
lymph nodes have virtually no role in correct histopathological lymph node staging. Finally, large lymph
nodes in stage I/II disease might indicate a favorable
outcome.27 Histologic parameters which are thought to
reflect either cell-mediated (T-cell) or humoral (B-cell)
immune responses in lymph nodes have been studied
in regional lymph nodes. Patients whose lymph nodes
show morphological evidence of cell-mediated immunity,
manifested either by an increased number of paracortical
immunoblasts or sinus histiocytosis, survive significantly

longer than those whose lymph nodes show no such
changes. Patients whose lymph nodes show simultaneous
paracortical activity and sinus histiocytosis have the best
survival of all. Histologic parameters which suggest an
antibody-mediated immune response (germinal center
activity) were not an important prognostic indicator.33

CLINICAL IMPLICATIONS
Several parameters are used for predicting the prognosis in cancer patients. It is assumed that the histological
analysis of the patterns in the regional lymph nodes
draining the tumor could elucidate the immunological
host–tumor relationship and provide additional information on patient survival. Increasing size of the cancer,
higher grade, and stage of the malignancy are likely
to show decreased number of reactive lymph nodes. It
has been found that certain patterns like lymphocyte
predominance have a lower risk of metastasis while in
some studies germinal center predominance has a higher
risk of metastasis. However, more extensive studies on
lymph node immune response patterns will be helpful in
providing information on patient prognosis.
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of Autonomic Nervous System
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ABSTRACT
Heart rate variability (HRV) came into existence by observations
of Hon and Lee in 1965 and since then has been a subject of
prime importance in medical research. It is derived from changes
in RR intervals in a continuous recording of electrocardiogram.
Different types of measurements are carried out on these RR
intervals in time and frequency domain. Among others, variance,
total power, low-frequency (LF) power, high-frequency (HF)
power, and LF/HF ratio are frequently used HRV parameters for
objective assessment of autonomic function and assessment
of several clinical conditions. Poincare plot gives a quick visual
impression of HRV. This article describes measurement of all
these parameters and their clinical applications.
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INTRODUCTION
Autonomic nervous system (ANS) comprises nerves
that are involved in the regulation of body involuntary
functions. It has two divisions: Sympathetic and parasympathetic. These divisions consist of afferent and efferent
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nerves as well as myelinated and nonmyelinated fibers.
They both have opposite responses and are complementary to each other. Stimulation of sympathetic nervous
system increases heart rate, constricts blood vessels,
decreases gastrointestinal motility, and constricts sphincters, whereas increased parasympathetic activity induces
opposite effects. Autonomic system supplies both afferent
and efferent nerves to the heart. An autonomic nerve has
important role in the regulation of the cardiovascular
system. Heart can function in the absence of autonomic
influences; its rate and force of contraction are altered
by autonomic tone. Parasympathetic supply to heart is
through the vagus nerves to sinoatrial node, atrioventricular conduction pathways, and myocardium. An efferent
vagal nerve slows the heart rate by hyperpolarizing the
pacemaker cells and slowing their rate of spontaneous
depolarization. A high level of efferent vagal activity
produces profound cardiac slowing. Sympathetic supply
to heart originates from intermediolateral column of the
spinal cord in the upper thoracic region. Sympathetic
activity increases heart rate by increasing the rate of
depolarization of pacemaker cells. Studies in the past
have reported the effect on cardiac output by changes in
heart rate, induced by atrial pacing. Cardiac chambers
are innervated with afferent fibers from parasympathetic
and sympathetic divisions, which help in sensing the
extent of filling and pressure generated, thereby helping
in their regulation.1

ASSESSMENT OF ANS
Conventional methods for the assessment of ANS are
Valsalva maneuver, slow deep breathing, cold face test,
heart rate response to standing, blood pressure response
to sustained handgrip, mental arithmetic stress, etc., as
described below.

Valsalva Maneuver
Valsalva maneuver test has been most widely used for
the assessment of ANS and extensively studied in normal
subjects and patients with cardiovascular diseases. It
produces transient voluntary elevation of intrathoracic
and intraabdominal pressures by straining. The subject
blows into a mouthpiece of a manometer to 40 mm Hg
for 15 seconds with continuous electrocardiogram (ECG)
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monitoring before, during, and after the procedure.
Valsalva ratio is calculated from the ratio of the longest
RR interval after strain to the shortest RR interval during
strain. A value ≤ 1.2 is considered abnormal.2

Slow Deep Breathing
In this maneuver, the subject breaths at a rate of six breaths
per minute. The heart rate is monitored continuously, and
the difference between maximum and minimum heart
rate is recorded. The data of each breath are recorded
and averaged. This test shows parasympathetic vagal
activity in humans. A variation in maximum to minimum
heart rate of ≤10 beats per minute (bpm) is considered
abnormal (normal ≥15 bpm). Variation of 11 to 14 bpm
is considered borderline. The loss of normal respiratory sinus arrhythmia is often suggestive of autonomic
neuropathy in diabetes mellitus.2

Cold Face Test (Diving Reflex)
In this test, cold stimulus is applied to face using cold
compresses (commercially available gel packs). It
causes remarkable increase in the peripheral vascular
resistance with a resultant rise in systolic and diastolic
blood pressure.3

Blood Pressure Response to Sustained Handgrip
In this test, handgrip is maintained at 30% of maximum
voluntary contraction for up to 5 minutes by utilizing
handgrip dynamometer. The diastolic blood pressure is
measured before starting and just before release of handgrip. A difference of ≤10 mm Hg is considered abnormal
against a control value of ≥16 mm Hg. Values ranging
between 11 and 15 are considered borderline.2

Mental Arithmetic Stress
In this test, the subject is asked to perform serial subtractions, e.g., subtraction of 6 from 100 till reaching the
remainder. Skin temperature and heart rate are measured
continuously. It has been observed that the skin temperature decreases in normal subjects without neuropathy,
but no effect is observed in patients with neuropathy.
The tests described above demand some degree of
dexterity on the part of the operator and also cooperation from the patient. There has been a necessity for an
objective evaluation of ANS all along. Heart rate variability (HRV) has evolved as an objective tool for the
assessment of ANS during the past 50 years, as described
in the following section.

HEART RATE VARIABILITY
Heart Rate Response to Standing
In this test, the subject rests in supine for 30 minutes
and then acquires standing posture. This results in
venous pooling and transient decrease in cardiac
output. It is followed with increase in heart rate at
around 3 seconds, increasing further to a secondary
peak at about 12 seconds and a decline to relative
bradycardia at around 20 seconds. The ratio between
the highest and lowest heart rate in first 30 seconds
from the onset of standing is generally used to quantify
the relative bradycardia. A value ≥1.04 is considered
normal for this test.2

A

The average heart rate of a healthy person is around
72 beats per minute. It is, however, never constant. It keeps
on changing continuously depending upon the physical
and mental state of the subject. A change in heart rate due to
increase/decrease in the physical activity of the subject is
perfectly understandable and physiological, as the change
takes place due to increase/decrease of demand of oxygen
and nutrients by the tissues. However, a minor fluctuation in the heart rate is observed even when the subject
is physically inactive as shown in (Graphs 1A and B).
This is the reason why cardiac activity is not periodic but
rhythmic. Study of these fluctuations or variability, even

B

Graphs 1A and B: (A) Record of QRS pulses in a resting subject. The interval between consecutive pulses is seen to be changing
continuously due to HRV; and (B) heart rate value as a vertical line (calculated from interval between two pulses) on the y-axis plotted
against beat number. Variations in heart rate are observed to be complex
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when the subject is physically inactive, is of immense
interest to scientists and physiologists. While investigations have been done for the study of variability in several
physiological parameters, majority of investigations are
centered on heart rate due to ease of monitoring.
The history of HRV goes back to 1965, when Hon and
Lee4 observed that diminution of beat to beat variation
in the fetal heart rate during labor signified fetal distress
and need for a rapid delivery. The clinical importance of
HRV became more obvious in the late 1980s, when it was
confirmed that HRV was a strong independent predictor
of mortality after an acute myocardial infarction5 and an
objective method for the detection of peripheral diabetic
neuropathy.6 The following section describes various
kinds of measurements of HRV.

indicates that the data points tend to be very close to the
mean, whereas high standard deviation indicates that
the data are spread out over a large range of values. It is
obtained as follows:
 1 i = N
SDNN =   ∑ (RRi − µ )2
 N  i = 1

Standard deviation of NN intervals (SDNN) reflects all
the cyclic components responsible for variability in the
period of recording. When calculated over a long period,
it includes both short-term high-frequency (HF) variations
and long-term low-frequency (LF) components, seen in a
24-hour period. Normal value of SDNN for 24-hour data is
141 ± 39 ms.7 However, for short monitoring period, the LF
component diminishes and mainly HF component is seen.

MEASUREMENT OF HRV
Time Domain Methods
For analyzing the fluctuations in physiological para
meters, time domain measurements are the simplest to
start with and to interpret. In order to measure HRV, the
QRS complex is detected in a continuous ECG record
and the time interval between two consecutive R-peaks
arising from sinus node depolarization is called NN
interval. Care should be taken to avoid detection of
spurious peaks arising due to motion artifact or due
to some disease. These NN intervals are used to derive
various statistical time domain measures, both for shortterm and long-term analysis. In principle, heart rate per
minute is the inverse of NN interval value multiplied by
60 (seconds). However, researchers have preferred to use
NN interval (or RR interval) directly for variability study
and called the same as HRV as it avoids unnecessary computation. As per the Task Force Guidelines,7 5-minute and
24-hour recordings are usually taken for short-term and
long-term HRV analysis respectively. Various statistical
parameters used for HRV study are as follows.

Mean
The mean, denoted by μ, is the statistician’s estimate for
the average value of a parameter. It is the sum of all RR
interval values divided by the total number of RR intervals, as follows:
 1 i = N
µ =   ∑ RRi
 N  i = 1

where RR1, RR2, RR3, …, RRN are the observed values
of RR intervals during the specified period. The mean is
usually used to denote a single value over a period of time.

Standard Deviation of NN Intervals
It is usually denoted by σ and is a measure of variation
in the value of NN intervals. A low standard deviation
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Total Power or Variance
It is the second central moment, i.e., the square of standard
deviation. Thus, the variance is a measure of the amount of
variation in the values of RR intervals, taking account of all
possible values and their probabilities. Variance is mathematically equal to total power of spectral analysis. Thus,
 1i = N
Total Power = Variance =   ∑ (RRi − µ )2
 N  i = 1

Standard Deviation of the Average NN Intervals
This parameter is relevant for long-term HRV measurement. In this case, NN interval is determined every
5 minutes and their average is calculated for removal
of HF variations. Standard deviation of these average
values is called SDANN, which gives an estimate of
the changes in heart rate due to rhythms longer than
5 minutes. If RR1, RR2, RR3, …, RRN represent the average
RR interval during first 5 minutes, next 5 minutes, and so
on, the fluctuations pertaining to frequencies more than
0.0033 are averaged in these values. Standard deviation
of these values therefore, represents cyclic variations of
frequencies lower than 0.0033 Hz [mainly the ultralow
frequency (ULF) band] emerging from circadian rhythm,
thermoregulation, etc. A normal value of SDANN for
24-hour data is 127 ± 35 ms.7
 1 j = N
SDANN =   ∑ (RR j − µ )2
 N  j = 1

Standard deviation of NN Index
It is more or less complementary to SDANN. Standard
deviation value of NN intervals for successive 5 minutes
is calculated. This is done over a long period. Mean of
these standard deviation values is called SDNN index,
since SDNN interval over 5-minute period represents the
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cyclic fluctuations of frequency higher than 0.0033 Hz,
i.e., mainly the very low frequency (VLF), LF and HF
bands. Thus SDNN Index is a measure of VLF, LF, and
HF fluctuations.
 1 j = N
SDNN index =   ∑ SDNNj
 N  j = 1

where SDNNj is the SDNN intervals in the jth 5-minute
period.

Square Root of the Mean Squared Differences
of Successive NN Intervals
Here, firstly the difference between the successive NN
intervals is determined and then each value is squared
and summed. After this, the mean is calculated and then
the square root is taken to obtain the root mean square
of successive differences (RMSSD). Thus,
 1 i = N
RMSSD =   ∑ (RRi+1 − RRi )2
 N  i = 1

Since RRi + 1 – RRi reflects the HF fluctuations, this para
meter is dominated by fluctuations of frequencies greater
than 0.2 Hz. Normal value of RMSSD for 24-hour data
is 27 ± 12 ms.7

NN50 and pNN50

The inverse discrete fourier transform (IDFT) is given
by
xn =

2 πi
kn
1 N −1
Xk e N
∑
N k =0

n = 0,, N − 1

A simple description of these equations is that the
complex numbers Xk represent the amplitude and phase
of the different sinusoidal components of the input signal
xn. The DFT computes the Xk from the xn, while the IDFT
shows how to compute the xn as a sum of sinusoidal
components. Graph 2 illustrates the DFT of simple sinusoidal signal in time domain.
In a sample size of N, the computations needed for
DFT are N2. However, they can be reduced to N*log2N
if the sample size is an integral exponent of 2. This
algorithm is specifically known as fast Fourier transform (FFT).
The above discussion is strictly meant for the periodic signals. Since biological signals are not periodic
but rhythmic, for applying FFT onto these signals we
have to make them periodic by suitable interpolation
techniques. Graphs 3A and B shows power spectral
density (PSD) distribution of HRV without and with
interpolation respectively. It is clear from the graphs that
after interpolation the peaks are distinct and spectrum
is less noisy.

NN50 is the number of interval differences of successive
NN intervals greater than 50 ms. This parameter also
reflects the HF fluctuations in the RR interval. NN50
divided by the total number of NN intervals is called
pNN50.

Frequency Domain Methods
The HRV data collected in time domain may not be
interpretable directly as it is a composite signal of large
number of inputs. Therefore, it is necessary to analyze
the signal in frequency domain. Conversion from time
domain to frequency domain is performed most commonly using Fourier transform. This process decomposes the signal into a series of sine and cosine waves
with frequencies that are multiples of the fundamental
frequency. For time-bound and digitized data, generally
discrete Fourier transform (DFT) is used.
In this transform, the sequence of RR interval values
(xn) is transformed into the sequence of N complex
numbers X0, XN−1 according to the formula:8
Xk =

N −1

−

∑x e

n =0

n

2 πi
kn
N

k = 0, , N − 1
2 πi

where “i” represents imaginary unit and e N is the primitive Nth root of unity.

Graph 2: Relationship between the input sinusoidal signals of different
frequencies and the values of Xk in frequency domain. For instance,
if the input values are constant over the entire time period (N–1
samples), the value of X0 (for 0 frequency) is nonzero; when the input
values are varying in a sinewave pattern of frequency 1, 2, and 7 Hz,
the PSD shows nonzero values of X1, X2, and X7 respectively, revealing that the input signals are sine waves of respective frequencies
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A

B
Graphs 3A and B: (A) The PSD of HRV without interpolation; and (B) PSD of HRV with interpolation. After interpolation, the peaks
are distinct and spectrum is less noisy

The PSD of interpolated data (5 minutes recording)
shows three distinct peaks in the frequency bands of
0 to 0.04 Hz, 0.04 to 0.15 Hz, and 0.15 to 0.4 Hz known as
VLF, LF, and HF peaks. Power of VLF, LF, and HF peaks is
calculated by integrating the PSD in defined frequency
bands. Experimental studies conducted in animals by
Sayers,9 Akselrod et al,10 and others have shown that
selective blockage of different components of ANS with
the help of suitable pharmaceuticals abolishes or dampens
some of these peaks. They have identified the frequency
regions affected by the sympathetic and parasympathetic
nervous system. Conclusive evidence of most of the
studies supports the following general consensus11:
• The respiratory rhythm of HRV named as HF spectral
component is a marker of vagal modulation.12,13
• The LF spectral component is a marker of sympathetic
modulation and corresponds to rhythm of vasomotor
waves present in both heart rate and blood pressure
variations.12,14
• There exists a reciprocal relation between these two
rhythms, which is similar to that characterizing sympathovagal balance.12,15
The PSD for a 24-hour recording is similar to that of
Graph 4. It shows large variations in the ULF band and
VLF band caused by circadian rhythm, thermoregulation,
baroreceptor reflex, and renin–angiotensin system.

Nonlinear Measurements
Multiple feedback loops in cardiovascular regulation
system make rapid adaptations possible under various
physiological and environmental conditions. If such a
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Graph 4: Power spectral density (logarithmic scale on both axes)
obtained from 24-hour ECG Holter recording. Only the LF and HF
components show discernible peaks in the spectrum; VLF and ULF
can be approximated by a line in this plot

system is analyzed for heart rate and blood pressure
time series, we lose a lot of information on the dynamic
patterns. These dynamic patterns are used by the cardiovascular regulation system to adjust heart rate and
blood pressure. Therefore, nonlinear methods of signal
analysis can be more useful when characterizing complex
dynamics. The idea of using nonlinear statistics in the
analysis of heart rate and blood pressure time series data
is theoretically very sound.
In Poincare plots, the length of each RR interval
(RRi+1) is plotted against the preceding RR intervals
(RRi). Poincare plots might be seen as an easy and an
informative method for visual presentation of HRV
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can be seen from the graph, ΔRRt is highest for frequency
of 1/6 and lowest for frequency of 1/60 Hz.
Poincare plot is classified into several categories
according to their shapes. Fan shape pattern is considered to represent normal heart rate dynamics, whereas
“Torpedo shape,” “Complex shape,” or “Narrow shape”
patterns indicate abnormal heart rate dynamics in various
conditions.

CLINICAL APPLICATIONS OF HRV
Early Detection of Peripheral Neuropathy

Graph 5: Poincare plot (length of each RR interval RRi+1 is plotted
against the preceding RR intervals RRi) with estimation of different
parameters based on the plot. ΔRRr, difference on plot diagonal
between minimal (RRmin) and maximal (RRmax) RR values, i.e.,
major axis diameter of ellipse represents amplitude of the variation;
ΔRRt, minor axis diameter of ellipse represents the frequency of
variation; area inside the ellipse P represents overall HR variability

and assessment of autonomic control. Graph 5 shows
various parameters and their measurements using
Poincare plot.
ΔRRt can be correlated with the frequency of variability. For example, Graph 6 shows Poincare plot for sinusoidal signal of frequencies 1/6, 1/12, and 1/60 Hz. As

Bianchi et al6 have conducted a study on 14 normal subjects
and 40 diabetic patients, including 21 having associated
autonomic neuropathy. They have measured powers of
HF and LF components together with their ratio (LF/HF),
which were considered to provide quantitative indices
of the sympathovagal dynamic balance in the control of
heart rate. Their observations are summarized in Table 1.
As can be seen from Table 1, total power as well as HF
power is drastically decreased in neuropathic diabetics
(ND). Also, the behavior of HF power on standing and
during controlled respiration (CR) is different than that
of normals and nonneuropathic diabetics (NND). The
LF/HF is significantly elevated in resting position and its
increase on standing is minimal in ND group as compared
with control and NND groups. These observations suggest

Graph 6: Examples of Poincare plots arranged from maximum (top) to minimum (bottom) frequency
of the input signal. Note that as frequency of the input signal is decreased, the width of ΔRRt is
also decreased
Table 1: Heart rate variability observations in controls and diabetic patients
Sl. no.
1
2
3

Subjects
Control
NND
ND

Resting
2,600
2,500
300

Total power (ms2)
Standing
2,100
1,300
400

CR
2,400
2,200
400

HF power (ms2)
Resting
Standing
1,350
250
1,250
400
50
75
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CR
1300
1000
150

Resting
2
1
4.5

LF/HF ratio
Standing
16
8
5

CR
6
3
2.5

203

GD Jindal et al
Table 2: Total power values in controls and cardiac transplant recipient patients
Sl. no.
1
2
3
4

Subjects
Controls
Cardiac transplant recipients
Cardiac transplant recipients (no rejection)
Cardiac transplant recipients (rejection)

that HRV can be used to objectively assess autonomic
neuropathy in diabetic subjects.

Patient Monitoring
The HRV has proved to be of great value in intensive
care monitoring. It is possible for the doctor to see HRV
on 24-hour basis and discern the positive and negative
epochs and relate them with the treatment/clinical
condition of the patient. Increase in HF power has to be
considered a sign of good prognosis in patients with acute
myocardial infarction. Sands et al16 have reported a study
in 6 control subjects and 84 cardiac transplant recipient
patients. Their observations in logarithm value of total
power are given in Table 2.
As can be seen from the table, total power is drastically reduced in cardiac transplant recipient patients. It

No. of subjects
6
84
18
34

Log of total power
0.982 ± 0.206
–0.766 ± 0.541
–0.909 ± 0.577
–0.602 ± 0.525

can also be seen that there is significant increase in HRV
in transplant recipients who have shown rejection as
confirmed by biopsy within 48 hours of the recording
of HRV. Thames et al17 have reported the regrowth of
parasympathetic innervation of the heart after cardiac
transplantation in dogs. Also the enervated dogs developed respiratory sinus arrhythmia within 3 to 24 months
postoperatively. Similar observation is reported by
Hrushesky et al18 in human beings.

Drug Response
Poincare plot reflects dynamic changes and is very useful
for quick assessment of drug response. Copie et al19 have
observed marked changes by administration of bisoprolol
in Poincare plot (bottom graph in Graph 7) in contrast to
placebo (top graph in Graph 7).

Graph 7: Effect of bisoprolol on HRV in patients with heart failure. Scatter plot evolution in a patient who received placebo
(top) and a patient who received bisoprolol (bottom) (Courtesy: Copie et al19)
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CONCLUSION
Measurement of HRV in human subjects does not
require high degree of expertise unlike conventional
methods like Valsalva maneuver, slow deep breathing,
etc. Therefore, it is the method of choice for the objective
assessment of autonomic function. In view of its clinical
applications, HRV is the method of choice in intensive
care mentoring to assess the therapeutic response of
the patient. Also, HRV is very useful in the detection of
peripheral neuropathy in diabetic subjects.
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Paraneoplastic Limbic Encephalitis:
A Diagnostic Challenge
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ABSTRACT
Paraneoplastic limbic encephalitis (PLE) is probably underdiagnosed, because of diversity of its symptoms and lack of specific
diagnostic markers. A case of 29-year-old woman with complaints of persistent headache, behavior and memory changes
has been discussed. Efforts have been made to establish all
those diagnostic steps required to be applied before proceeding
empirical therapy for PLE.
The overall poor outcome of PLE likely stems from both the
delay in recognition and treatment, and thus resulting in immunemediated neuronal injury. The prognosis is dependent upon
the type of associated paraneoplastic onconeuronal antigen.
In general, cytotoxic T-cell mediated process connected with
intracellular antigens e.g. Hu is less responsive to two-pronged
approach of tumour removal and immune therapy in comparison
to immune process related to cell surface antigens which carries
a worse neurological outcome.
Keywords: Antibodies, Antigens, Inflammatory, Limbic
encephalitis.
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INTRODUCTION
Paraneoplastic limbic encephalitis (PLE) is a rare disorder
characterized by features of personality changes, irritability, seizures, depression, memory loss, and sometimes
dementia. This disorder is commonly associated with
tumors in lung (50%), testis (20%), or breast (8%). The
diagnosis is difficult because clinical markers are lacking,
and symptoms usually precede the diagnosis of cancer
or mimic other complications.1
The list of differential diagnosis with similar clinical presentation includes viral encephalitis [e.g., herpes
simplex virus (HSV)], lupus cerebritis, toxic and metabolic
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encephalopathies, multiple sclerosis, Hashimoto’s
encephalopathy, Wernicke’s encephalopathy, neurosyphilis, primary vasculitis of the central nervous system, and
leptomeningeal involvement of malignancy.2 A revised
set of criteria for diagnosis proposed by Graus and Saiz3
in 2005 are as follows:
• Subacute onset (<12 weeks) of seizures, short-term
memory loss, confusion, and psychiatric symptoms
• Neuropathologic or radiologic evidence [magnetic
resonance imaging (MRI), single-photon emission
computed tomography (SPECT), computed tomography (CT), positron emission tomography (PET)]
shows involvement of the limbic system.
• Exclusion of other possible etiologies of limbic
dysfunction
• Demonstration of a cancer within 5 years of the diagnosis of neurologic symptoms, or the development of
classic symptoms of limbic dysfunction in association
with a well-characterized paraneoplastic antibody
(Hu, Ma2, CV2, amphiphysin, Ri) changes.
There is no evidence-based recommendation for the
treatment of PLE. Current opinion favored applying a
two-pronged approach for our patient with PLE, using a
combination of tumor removal to eliminate the source of
paraneoplastic onconeural antigens and immune therapy
[e.g., intravenous steroid, intravenous immunoglobulin
(IVIG), or plasma exchange], to prevent further immunemediated neuronal injury.2,4 The prognosis for recovery
in patients with PLE is poor if immune therapy is administered without concomitant treatment of the underlying
malignancy.1
However, here we present a case with unconstitutional
symptoms, but after careful choice of investigations
revealed presence of an ovarian teratoma, highlighting
the importance of high index of suspicion of PLE and to
look for the tumor.

CASE REPORT
A 29-year-old female came with complaints of persistent
headache, behavior and memory changes, and sensations of “déjà vu” for 3 weeks. Headache was bilateral in
fronto-occipital region worsening early in the morning,
but relieved with analgesics. Patient had a vaginal delivery 11 weeks earlier. Physical examination showed vitals
within normal limits and unremarkable cardiopulmonary
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Figs 1A and B: (A) MRI FLAIR image; (B) MRI T2 weighted image (Note: MRI FLAIR (Fig. 1A) and T2 coronal images (Fig. 1B)
of brain at the level of bilateral sylvian tissues and mesial lobes shows hyperintensity involving the bilateral hippocampal and
parahippocampalgyrus on FLAIR images. On left side hyperintensity is extending up to left subcortical white matter of sylviangyrus.
These lesions appear hyper on T2-weighted images s/o edematous changes)

and abdominal examination. Neurological examination
revealed that patient had poor recall with blunted effect
and muttering. Other higher functions were normal.
Fundus examination was within normal limits. Motor
system showed normal tone, 5/5 power, and 3+ reflexes
symmetrically with no sensory involvement and limb
dysmetria. Gait was normal.
Post admission, the patient gradually deteriorated to
catatonic state with minimal oral intake and abnormal
movements and generalized tonic clonic seizures on
day 3 of admission. Seizure was also associated with
frothing, uprolling of eye balls, tongue bite and bladder
incontinence. She was started on antiepileptics. On day
7 post admission, she went into status epilepticus. She
was electively intubated and intravenous lorazepam
was given and phenytoin (20mg/kg body weight) was
loaded. Levetiracetam and topiramate were subsequently
added in increasing doses (up to maximum dosages) to
treat persistent seizures.
Routine blood investigations were normal. Computed
tomography brain was suggestive of diffuse cerebral
edema. Cerebrospinal fluid (CSF) analysis showed normal
proteins and sugars. Gram stain and culture were negative
HSV and enterovirus polymerase chain reaction (PCR).
Viral culture was negative, MRI of brain with gadolinium
showed three nonspecific fluid attenuation inversion
recovery (FLAIR) hyper intensities (mesial temporal
region L > R) nonenhancing on gadolinium, magnetic
resonance venogram revealed no venous thrombosis
(Figs 1A and B). Electroencephalogram (EEG) showed
epileptiform discharges.
Other blood investigations revealed antinuclear
antibody, double-stranded DNA, C-antineutrophil
cytoplasmic antibody (ANCA), and P-ANCA to be

negative. Coagulation profile, including activated
partial thromboplastin time, antiphospholipid antibody,
antithrombin3, protein-C, protein-S, was normal.
Ultrasonography (USG) of Abdo/pelvis revealed a cystic
adnexal mass in pelvis. Contrast-enhanced CT (Fig. 2) of
abdomen and pelvis revealed a right ovarian teratoma.
CSF and serum was positive for anti-N-methyl D-aspartate
receptor (NMDAR) antibodies. No other paraneoplastic
antibodies [including binding, ganglionic, and striational
acetylcholine (Ach) receptor antibodies, Purjinke cell
antibodies type 1 (PCA-1 or anti-Yo), PCA-2, PCA-Tr (antiTr, immune response marker for Hodgkin’s lymphoma),
anti-neuronal nuclear antibodies type 1 (ANNA-1 or
anti-Hu), ANNA-2 (anti-Ri), ANNA-3, anti-Ma1, anti-Ta,
collapsin response-mediator protein-5 (CRMP-5 or CV2),

Fig. 2: Contrast-enhanced computed tomography of abdomen (Note:
CT contrast (Fig. 2) at the level of bilateral iliac bones show welldefined hypodense round mass lesion posterior to fundus and body
of uterus with calcific foci on the lateral aspect and fat attenuation
within it with thickened posterior wall s/o dermoid cyst of ovary)
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amphiphysin, anti-glial/neuronal nuclear antibody, type
1 AGNA-1] were detected.
After diagnosis the patient was started on azathioprine 1 mg/kg/day and steroids in the form of prednisolone and underwent bilateral oophorectomy for ovarian
teratoma. The patient improved within 3 months of tumor
treatment.

DISCUSSION
Paraneoplastic Limbic Encephalitis
Paraneoplastic limbic encephalitis results from production of neuronal protein by a tumor, which precipitates
an immune mediated reaction against both tumor and
central nervous system. There are two types of PLE, one
with antibodies to intracellular antigens such as Hu,
Ma2, CRMP5, and amphiphysin that is considered to be
T cell mediated, and PLE with antibodies to cell membrane antigens such as: leucine-rich glioma inactivated
1 (LGI1), contactin-associated protein-like 2 (CASPR2),
N-methyl-D-aspartate (NMDA), αa-amino-3-hydroxy-5methyl-4-isoxazolepropionic acid (AMPA), and gammaaminobutyric acid (GABA). These antibodies are more
likely to be directly involved in the pathogenesis; thus
these forms are more responsive to immune based treatment. PLE follows typically sub acute or chronic course
with progression of symptoms within weeks to months.
The current hypothesis for the pathogenesis of PLE
implicates an autoimmune process involving antigens
shared by tumor cells and neuronal cells in the mesial
temporal and limbic structures, including cingulated
gyrus, orbitofrontal cortex, and mammillary bodies.2 The
most frequently associated neoplasm is small-cell lung
cancer, followed by germ cell tumor of the testis, breast
cancer, Hodgkin’s lymphoma, thymoma, and immature
teratoma of the ovaries.1
Paraneoplastic limbic encephalitis is associated with
onconeuronal antibodies, which result in psychiatric and
neurological manifestations. Anti-Hu antibody results in
short-term memory loss, and confusion with seizures.
Anti-Ma2 antibody is associated with short-term memory
loss, nervous breakdown, and obsessive compulsive disorders with involvement of brainstem, hypothalamus,
and diencephalon. Anti-CV2/CRMP results in cognitive
defects, maniac mood, obsessive compulsive disorders with
chorea, apraxia, optic neuropathy, dysgeusia, and anosmia.
Anti-amphiphysin antibody leads to short-term memory
loss, confusion with rigidity, and stiff man syndrome.
Anti-NMDAR antibody results in psychosis, anxiety,
paranoid behavior, catatonic state, and seizures. AMPA
causes memory loss and aggression. GABA antibody
results in psychosis, hallucinations, and seizures. Magnetic
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resonance imaging shows mesial temporal lobe changes
in anti-Hu and anti-Ma2. Relapses are more common in
AMPA antibodies.
Although PLE is rare (with a slightly greater predominance among women), the disease is under-reported due
to the difficulty in establishing the diagnosis. Several
factors render the diagnosis of PLE challenging. First,
many other cancer-related complications, including
brain metastases, toxic and metabolic encephalopathies,
and adverse effects of cancer therapy, may have similar
insidious neuropsychiatric presentations. Second, diseases other than PLE, particularly those of an infectious
etiology, such as, HSV, share similar initial clinical features to PLE. Third, there is no “gold standard” method
of establishing a diagnosis. The pathological findings
of neuronal loss, perivascular inflammatory infiltrates,
microglial activation, and reactive astrocytosis in the
temporal and limbic structures are nonspecific and do
not establish a paraneoplastic etiology.
Early immune treatment is particularly important with the emergence of rituximab, an anti-CD20 antibody that depletes B-cells and potentially the source of
paraneoplastic antibody production.5 B-cells cross the
blood–brain barrier and intrathecal production of antibodies correlates with clinical severity in paraneoplastic
disease. There is early evidence that rituximab is safe and
may improve neurological outcomes, as seen in adjunct
therapy in children with paraneoplastic opsoclonusmyoclonus syndrome,6 as well as in paraneoplastic
syndromes related to intracellular auto-antigens.7 Since
these studies are small and nonrandomized, we cannot
make conclusive statements about the role of rituximab
in the management of paraneoplastic diseases.
We recommend that in most patients the risks of
immune therapy (IVIG or plasma exchange, steroids)
are low enough to warrant early empiric intervention if
there is sufficient clinical suspicion of PLE. We recommend the following tests before proceeding with empirical therapy for PLE: MRI of the brain, CSF analysis for
bacterial and viral agents (in particular, HSV-PCR), measurement of ammonia levels and thyroid-stimulating
hormone, a metabolic and electrolyte panel, EEG, and
a paraneoplastic panel of both blood and CSF.8

CONCLUSION
A case of PLE in a young woman is reported. She presented
with headache and behavioral changes, and later seizures.
Diagnosis was established with detection of NMDAR
antibodies in CSF and blood. Computed tomography scan
abdomen showed an ovarian teratoma. Literature on this
disease has been reviewed and treatment discussed. This
patient improved after bilateral oophorectomy.
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ABSTRACT

CASE REPORT

Risperidone (RIS) is an atypical antipsychotic which can be
clinically used to treat certain specific symptoms of autism in
children and adolescents as per international guidelines and scientific literature. However, globally sparse literature is available
regarding accidental ingestion and toxicity of RIS despite the
increasing frequency of its usage in children and adolescents.
A rare case of accidental RIS ingestion in a toddler with autism
has been reported. It has been reviewed and discussed with
the support of relevant literature regarding the clinical aspects
and management.

A 3-year-old boy weighing 13.5 kg was referred for
emergency psychiatric referral following ingestion of
RIS syrup accidentally. He had consumed about 5 mL
of RIS (1 mg/mL) approximately 2 hours prior to presenting in the casualty. Parents reported that he had
been diagnosed with autism recently in view of speech
delay, repetitive behaviors, inadequate social interaction,
self-injurious behavior of eye poking, impulsivity, and
hyperactivity. He was on syrup RIS 0.5 mL (0.5 mg) daily
since past 1 month from a private psychiatrist. On day
of ingestion, he was playing with toys in his room when
mother found him crying excessively, restless, drooling
of saliva, up-rolling of his eyes with the syrup RIS bottle
lying spilt on the floor besides him. He had vomiting,
inability to talk, or move his limb. Parents, however,
denied any history of seizure phenomena on the day of
ingestion or any prior history of seizure disorder.
The patient was initially taken up by Emergency
Department and subsequently seen by pediatricians,
pediatric intensivists, pediatric neurologists, and psychiatrists in a multidisciplinary team approach. On examination, the patient was drowsy, had slurred speech, was
dribbling saliva, had rigidity in all four limbs, up rolling
of eyeballs with Glasgow Coma Scale 10/15, and was
afebrile. On examination, his vitals were stable. He was
slightly drowsy, power was 3/5 in both upper and lower
limbs. Deep tendon reflexes were sluggish. Plantars were
upgoing. Blood investigations, such as complete blood
count, serum electrolytes, serum creatine phosphokinase,
serum creatinine, liver function test, lactate dehydrogenase, serial electrocardiograms, electroencephalography,
and computed tomography imaging were normal and
Neuroleptic Malignant Syndrome was ruled out. Serum
assays for RIS were planned but could not be done at our
setup. Continuous cardiac monitoring was done. He was
kept for observation in Pediatric Intensive Care Unit for
3 days. Gastric lavage, supportive management, and intramuscular promethazine (50 mg over 3 days with 25 mg on
day 1, 12.5 mg on day 2, and 12.5 mg on day 3) were given.
On day 4, he was shifted to Pediatric Ward as rigidity had
reduced clinically, extensor plantars reverted, and the
motor power became fully normal at the time of discharge.
Glasgow Coma Scale scores became normal. Patient was
discharged on day 7 of admission. He was re-evaluated
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INTRODUCTION
Risperidone (RIS) is an atypical antipsychotic medication
commonly used to treat psychotic illnesses in adults.
There are a few reports in the Indian and global literature
regarding its clinical toxicity profile in over dosages and
accidental ingestions in those younger than 18 years of
age.1 The prescribing of second-generation antipsychotics, such as RIS has continued to increase over the past
decade for children, adolescents, and adults.2 Globally,
sparse literature exists regarding RIS toxicity in children
and adolescents. To the best of our knowledge, this is the
first case of RIS ingestion and toxicity in a toddler with
autism from India.
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prior to discharge and confirmed to have autism and serial
follow-ups were planned. His autism assessment score
on Clinical Autism Rating Scale showed severe autism.
He had severe self-injurious behavior in the form of eye
poking, which was reported historically and seen during
assessments. He was started on tablet Aripiprazole 2.5 mg
at night considering the severity of autism and selfinjurious behavior of eye poking. His ophthalmological
and neurological evaluation to rule out any organic basis
of eye poking was normal. His Vineland Social Maturity
Scale was functioning at 2 years and 8 months level and
on Gesell Development Schedule functioned at 2 years
7 months level. He was started on regular sessions of
sensory integration therapy, occupational therapy, speech
therapy, and behavior therapy. He has been doing well on
medication and therapy and has shown a significant reduction in his autistic symptoms and self-injurious eye poking
behavior over the past 3 months during serial follow-ups.

DISCUSSION
Although the incidence of extrapyramidal symptoms
associated with therapeutic RIS use is low, its occurrence
following overdose is less clearly defined. Cheslik and
Erramouspe3 published a case of RIS overdose in a child
and highlighted the potential for dystonic reactions at
low doses. Accidental ingestion may respond well to an
anticholinergic agent. Overdose management includes
gastrointestinal lavage, activated charcoal with cathartic,
cardiovascular monitoring, and supportive therapy. The
therapeutic action of RIS depends not only on the parent
compound but its major active metabolite, 9-hydroxyrisperidone (9-OH-RIS); pharmacokinetics is modified by
the genetic polymorphisms of cytochrome (CYP2D6),
the main site of RIS metabolism. Diverse symptoms of
an acute RIS poisoning result from its interaction with
multiple receptors, i.e., serotoninergic 5-HT2A and
5-HT7, dopaminergic D2, adrenergic alpha1 and alpha2,
as well as histamine H1. The clinical picture of acute RIS
poisoning consists predominantly of central nervous
system and cardiovascular effects and the most severe
symptoms are: hypotension, dysarrhythmias, consciousness disturbances, seizures, and respiratory failure.
Quantitative determination of RIS blood concentration
seems to be helpful in confirmation and monitoring of
acute poisoning.4 Antia et al2 reviewed literature and
identified 40 reports that included 63 patients, ranging
in age from 1 day to 17 years of age.
The clinical presentations included drowsiness,
lethargy agitation, irritability, combativeness, and tachycardia. There were 11 fatalities in the cases reviewed,
1 from clozapine overdose, 3 from RIS overdose, 2 from
olanzapine overdose, and 5 from quetiapine overdose. All
other cases reported no significant sequelae and resolved

without any reported clinical consequences. Duration
of overdose symptoms ranged from 24 hours to 7 days.
They recommend that future case reports may additionally include serum medication level, weight of patient,
co-ingestants, the health of the patient at baseline, relevant
laboratory, and toxicology studies and standardized scale
to rate the level of consciousness, such as the Glasgow
Coma Scale.2 Cobaugh et al5 have reviewed the literature
and have described an evidence-based consensus guideline for out-of-hospital management considering multiple
factors of age of the child, type of atypical antipsychotic,
dosage consumed, etc. They recommend that all patients
less than 12 years of age who are naïve to atypical antipsychotic medications and are experiencing no more
than mild drowsiness can be observed at home unless
they have ingested more than four times the initial adult
dose for the implicated antipsychotic medication or a dose
that is equal to or more than the lowest reported acute
dose that resulted in at least moderate toxicity, whichever
dose is smaller. Any patient already experiencing any
signs or symptoms, other than mild drowsiness, thought
to be related to atypical antipsychotic medication toxicity should be transported to an emergency department.
Continuous cardiac monitoring should be implemented,
because of reports of conduction disturbances associated
with this class of medications. Provide usual supportive
care en route to the hospital, including airway management and intravenous fluids for hypotension. Depending
on the specific circumstances, follow-up calls should be
made to determine outcome at appropriate intervals.5

CONCLUSION
A case of accidental ingestion of RIS by a toddler with
autism has been presented. The child was managed
conservatively with good results. After this accident,
child was put on medication and appropriate behavioral
therapy for autism. He is showing good response.

REFERENCES
1. Catalano G, Catalano MC, Nunez CY, Walker SC. Atypical
antipsychotic overdose in the pediatric population. J Child
Adolesc Psychopharmacol 2001 Winter;11(4):425-434.
2. Antia SX, Sholevar EH, Baron DA. Overdoses and ingestions of
second-generation antipsychotics in children and adolescents.
J Child Adolesc Psychopharmacol 2005 Dec;15(6):970-985.
3. Cheslik TA, Erramouspe J. Extrapyramidal symptoms following accidental ingestion of risperidone in a child. Ann
Pharmacother 1996 Apr;30(4):360-363.
4. Ciszowski K, Szpak D, Wilimowska J. The review of acute
risperidone poisoning. Przegl Lek 2010;67(8):602-605.
5. Cobaugh DJ, Erdman AR, Booze LL, Scharman EJ, Christianson
G, Manoguerra AS, Caravati EM, Chyka PA, Woolf AD,
Nelson LS, et al. Atypical antipsychotic medication poisoning:
an evidence-based consensus guideline for out-of-hospital
management. Clin Toxicol (Phila) 2007 Dec;45(8):918-942.

MGM Journal of Medical Sciences, October-December 2016;3(4):210-211

211

MGMJMS
10.5005/jp-journals-10036-1126

Paulastya Ghosh et al

CASE REPORT

Open Safety Pin in Nasal Cavity and Its Management
1

Paulastya Ghosh, 2Kalpana R Kumar, 3Suman P Rao, 4Rachna Tiwari

ABSTRACT
Intranasal foreign bodies are a common problem for ear,
nose, and throat surgeons. Varieties of nasal foreign bodies
have been discussed in various published reports. A case
report of a 2-year-old female child with open safety pin in
nose, which was safely retrieved via endoscopy under
general anesthesia, has been presented and its management
discussed.
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INTRODUCTION
Foreign bodies in the nose are otorhinolaryngologic emergencies. The cases commonly occur among children or
mentally retarded persons.1-5 Foreign body may produce
ulceration in the nasal cavity. It may get dislodged and
aspirated into the nasopharynx.6 Safety pins account for
less than 3% of foreign bodies found in tracheobronchial
tree and 1.5% of those found in the esophagus.3 They may
seem to be innocuous, but are associated with intraoperative difficulties and complications. Open safety pin in the
nasal cavity is very rare, with its only mention being the
cases reported in Figures 2 and 3.

CASE REPORT
A two-year-old female child was brought by her parents
to the casualty on May 8, 2016, at 8:45 p.m. at the
Mahatma Gandhi Mission’s Hospital Kamothe, Navi
Mumbai, Maharashtra, India, with a history of safety
pin accidentally lodged while playing in the right nasal
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cavity 1 hour earlier. Removal was attempted at home by
her mother. The attempt was futile. The child started to
have mild bleeding and secretions. On examination, the
child was uncooperative; only the head of the safety pin
could be seen in the right nostril at the vestibule. A loop
was attempted in the emergency to grasp the pin and
avoid slippage, but the patient was very uncooperative
and started crying. The safety pin slipped backward
into the nasal cavity, which could not be seen by the
naked eyes.
A diagnostic nasal endoscopy was done, which
revealed an open safety pin with the head in the posterior 3rd of the right nasal cavity. Spear was not visualized. X-ray on examination revealed an open safety
pin around 25 mm in length, with the head lodged in
the posterior 3rd of the right nasal cavity and the open
spear located below the soft tissue of the base of skull
(Figs 1 and 2).
The patient was started on parenteral antibiotics
and kept fasting for 6 hours and then shifted to the
operation theater early next morning. After oral
intubation, a pharyngeal pack was put in situ. Nasal
decongestion was done. A zero-degree nasal endoscope
was introduced in the right nasal cavity. The safety
pin head was initially pushed backward to dislodge
the spear from the soft tissue in the base of the skull
(Fig. 3). After dislodging it from the soft tissue, it was
attempted to close the spear end and remove it, but the
efforts failed. A string was attached to the head of safety
pin and fixed to avoid it from falling back again. With
a Wire Vectis, the spear was pulled down. The patient
started to have mild epistaxis mixed with secretions
from the right nasal cavity. Suction was placed in situ
followed by closing the pin with the help of the Wire
Vectis. The pin was removed with the help of the string
and a forceps (Fig. 4).
Anterior nasal pack was placed in the right nasal
cavity. Parenteral antibiotics were continued. Next
morning, the nasal pack was removed. The nasal cavity
was examined. Mild scratches were seen along the nasal
floor. This was managed with local application of Otrivin
P nasal drops and oral antibiotics followed by discharge
of the patient the day after. Follow-up of the patient was
done after 3 days, which showed healthy nasal mucosa
and floor.
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Fig. 1: X-ray film showing open safety pin stuck in the posterior 3rd
of the nasal cavity and the open end/spear located below the soft
tissue in the base of skull

Fig. 2: Before the procedure, the zoomed view of the X-ray
showing the foreign body impacted and not dislodged

Fig. 3: Endoscopic removal of the foreign body with the string
attached to the head to prevent falling back

Fig. 4: Foreign body after removal

DISCUSSION
Foreign bodies in the ENT are often deceptive, as they
seem so accessible that one may get tempted to remove
them immediately, but land up pushing them further
deeper inside. The dictum while dealing with these foreign
bodies is that one should not try to remove the foreign body
unless proper illumination, instruments, and expertise are
available. When the child is crying, attempt to remove
the nasal foreign body usually results in it getting sucked
into the tracheobronchial tree, and a simple nasal foreign

body may become a bronchial foreign body or, in case of
pointed foreign body, it may become a nasopharyngeal
foreign body, which requires a much larger setup to deal
with. The correct management for an open safety pin still
remains a challenge to the ENT surgeons.

CONCLUSION
A case report of a 2-year-old child with an open safety
pin in the nasal cavity is presented and its management
discussed.
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ABSTRACT
A 19-year-old male presented with classical features of cerebral
hemolytic uremic syndrome (HUS), namely hemolytic anemia,
uremia, liver dysfunction, and altered sensorium. He was
managed with therapeutic plasma exchange (PE) along with
other supportive measures. Patient made complete recovery.
The aim of reporting this case is to highlight the use of PE in
the treatment of cerebral HUS, where it may be life-saving if
started early.
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recent years, aHUS has been found to be associated with
complement alternative pathway dysregulation. Stx-HUS
is treated with supportive measures like management of
anemia and bleeding, and correcting fluid and electrolyte
disturbances, etc. Additionally, plasma exchange (PE) may
be done especially in patients with severe central nervous
system (CNS) involvement. Plasma exchange is also recommended as a first-line treatment in cases of aHUS in the very
early stage of disease.3 Here, we report a case of cerebral
HUS in a 19-year-old male who presented with a rapidly
deteriorating course, but showed an excellent response
when managed on PE along with other medical measures.
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A 19-year-old male presented with complaints of highgrade fever with chills and headache, loose stools 4 to
5 times a day, which were watery and black-colored along
with vomiting and hematemesis since 2 days. On examination, patient was icteric and mild hepatosplenomegaly
and ascites were present. On second day after admission,
the patient developed altered sensorium. Investigations
revealed severe anemia (hemoglobin: 4.6 gm/dL) and
thrombocytopenia (22,000/cumm) with very high lactate
dehydrogenase (LDH) (1282 U/L) levels. Peripheral
blood smear revealed pancytopenia with a hemolytic
picture [abundance of schistocytes and fair number of
elliptocytes, tear drop cells, helmet cells, spherocytes,
and polychromatic cells with occasional nucleated RBCs
(2 per 100 white blood cells)], suggestive of a microangiopathy. Bone marrow examination showed normoblastic
erythroid hyperplasia, suggestive of hemolytic anemia
with a possibility of microangiopathy. Fibrin degradation products were positive, and renal functions were
deranged (creatinine: 2.58 mg/dL). Malaria rapid test,
Leptospira, hepatitis A virus, hepatitis C virus, dengue
virus, and scrub typhus serology were negative.
Patient was put on ventilator and given steroids
along with therapeutic PE on three consecutive days.
Replacement was done with fresh frozen plasma, saline,
and albumin. The LDH levels started decreasing with the
first PE and came to half the original levels (735 U/L) at the
end of the first procedure. Patient regained consciousness
in 3 days and was discharged on the 10th day with marked
improvement in values of hemoglobin (11.5 gm/dL) and
platelet count (339,000/cumm).

INTRODUCTION
Hemolytic uremic syndrome (HUS) is a condition characterized by thrombotic microangiopathy, thrombocytopenia, microangiopathic hemolytic anemia, renal
dysfunction, neurologic deficits, and sometimes dysfunction of other organs.1,2 The worldwide incidence of HUS
is reported to be 1 to 2 cases per 100,000 people per year.
Hemolytic uremic syndrome is typically caused by Shigalike toxin-producing bacteria, particularly Escherichia coli
O157:H7, or nonenteropathic infections (such as with
Salmonella pneumoniae).1
Atypical HUS (aHUS) is a rare disease characterized by hemolytic anemia, thrombocytopenia, and acute
renal failure secondary to thrombotic microangiopathy.
It is distinguished from typical or Shigatoxin-producing
E. coli (STEC) HUS by the absence of STEC infection. In
1

Associate Professor, 2,3Professor, 4Resident

1,3,4

Department of Pathology, Himalayan Institute of Medical
Sciences, Swami Rama Himalayan University, Dehradun
Uttarakhand, India
2

Department of Medicine, Himalayan Institute of Medical
Sciences, Swami Rama Himalayan University, Dehradun
Uttarakhand, India
Corresponding Author: Gita Negi, Associate Professor
Department of Pathology, Himalayan Institute of Medical Sciences
Swami Rama Himalayan University, Dehradun, Uttarakhand, India
Phone: +91-9411013626, e-mail: gitachill@gmail.com

MGM Journal of Medical Sciences, October-December 2016;3(4):215-216

215

Gita Negi et al

DISCUSSION
Hemolytic uremic syndrome is a serious clinical complication of enterohemorrhagic E. coli infection that contributes
to acute kidney injury, often requiring dialysis and can
progress to acute renal failure and death.1
Atypical HUS (aHUS) occurs at any age, from the
neonatal period to the adult age. The disease has a relapsing course and more than half of the patients either die or
progress to end-stage renal failure. Recurrence after renal
transplantation is frequent.4 Diagnostically, HUS is defined
by the triad of nonimmune hemolytic anemia (hemoglobin
< 10 gm/dL) with fragmented erythrocytes (schizocytes),
thrombocytopenia (platelets < 150,000/mm3), and renal
impairment. High LDH and undetectable haptoglobin
levels confirm intravascular hemolysis. The presence of
schizocytes, undetectable haptoglobin, and high LDH
levels confirm the microangiopathic intravascular origin
of hemolysis.2 In 60% of aHUS patients, mutations in genes
encoding complement-regulating proteins are reported.5
In another study, authors have suggested that serum
levels of fibrinogen degradation product-E (FDP-E) may
correlate with disease severity in patients with HUS and
that serum levels of FDP-E may be a useful marker of
HUS in clinical practice.6 Another study suggests that
anemia, thrombocytopenia, elevated LDH, and FDP are
the most frequent manifestations of HUS.7
A frequent complication is CNS involvement (10% of
patients), manifested by irritability, drowsiness, seizures,
diplopia, cortical blindness, hemiparesis or hemiplegia,
stupor, coma. These patients need intensive care and dialysis and specialized care has contributed to the decrease
of mortality, especially in young children in centers where
dialysis and PE are daily practice.2
Cerebral HUS can manifest in several ways, including
irritability, altered level of consciousness, and seizures,
with signs occurring after onset of HUS. A previous report
suggests that 3 to 41% of patients develop cerebral HUS.1
Treatment involves the institution of general supportive measures, antiplatelet and thrombolytic agents and
thrombin inhibitors, selective use of antimicrobials, probiotics, toxin neutralizers (synthetic and natural binders,
antibodies). Monitoring of hemoglobin, hematocrit, and
platelet count is essential. Monitoring hemolysis with
LDH and haptoglobin is also helpful.8
Experts recommend PE to be started as early as
possible, within 24 hours of presentation should be performed daily until platelet count, LDH, and hemoglobin
levels are normalized and renal function starts showing
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sustained improvement over several days.2 It decreases
mortality rate from 50 to 25%.3
Plasma exchange is also reported to be effective in
aHUS. Plasma exchange and immunoadsorption have
been used in patients with severe disease and cerebral
manifestations. Authors have reported potential future
therapies like cell-permeable peptides for Shigatoxinbinding and complement inhibitors, such as eculizumab
to ameliorate disease.1 Platelet count increments have
presented the use of eculizumab and plasmapheresis as
part of a renal transplant protocol for the treatment of
aHUS in a patient with a known genetic defect deemed
at high risk for recurrent disease.9
The 19-year-old patient in this case report developed
a severe cerebral HUS with a rapidly deteriorating course
but showed an excellent response when managed on PE
along with other medical measures. The case is being
reported to highlight the utility of this procedure, especially in cases of cerebral HUS where it can prove to be
life-saving if started at the right time.
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