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XX Annual Meeting on
Evidence Based Management of Cancers in India
Reconstruction and cancer care - Enhancing quality
living with and beyond cancer
Preface
Tata Memorial Centre has pioneered the cause of EBM in
oncology in India and has been conducting the annual
meeting on EBM in common cancers for the past nineteen
years.

The

20th

conference

on

Evidence

Based

Management of Cancers in India- ‘EBM 2022’ is being held
virtually from 17th to 20th and 24th to 27th February, 2022.
Each year renowned international and national faculty
discuss and debate different aspects of cancer care and
we collate and publish the best available evidence in the
form of the ‘EBM book’ which is easily accessible on our
official website. The EBM meeting helps busy clinicians
from all over the country and overseas to get updated on
the best available evidence in oncology in a span of 2-3
days, thereby translating into better overall patient care.
Reconstruction is an integral part of cancer treatment.
Advances in microsurgery, instrumentation and imaging
technology has made it possible to give cancer patients
near normal appearance and function. The plastic surgeon
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aims at reconstructing, repairing and restoring form and
function. We explore the latest evidence in cancer
reconstruction and attempt to push the envelope to
enhance the quality of life in cancer patients.
The present EBM book aims to address the finer nuances
of reconstruction in cancer care taking into account the
recent advances and current evidence in various situations
and its applicability in Indian scenario. The purpose of this
book is to act as a ready reference in the clinic. This
handbook will also serve as a useful tool for practicing
oncologists in our setup.

Prof R A Badwe, Director,
Tata Memorial Centre
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SECTION 1: RECONSTRUCTIVE MICROSURGERY IN
CANCER CARE
A. HEAD AND NECK RECONSTRUCTION
1. Rehabilitation post total glossectomy
reconstruction: Does flap choice affect outcomes?
Dr Radhika Kapahtia, Dr. Ameya Bindu,
Dr. Saumya Mathews
Introduction
The most common carcinoma of the oral cavity is the
carcinoma of the tongue. Surgery alone or in combination
with adjuvant radiotherapy or chemotherapy plays an
integral

role

carcinoma
The

in

the

management

of

oral

tongue

1,2

tongue

has

complex

physiological

and

social

functions:
 Facilitation of oral phase of deglutition
 Piston like action which leads to the propulsion of the
food bolus in the pharyngeal phase of deglutition.
 Articulation ( lingual and vocal formats)
 Airway protection
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A combination of these multiple functions in one organ is
possible as it has a complex array of interwoven extrinsic
and intrinsic musculature with a strategic placement in the
oral cavity above the epiglottis. The end result of this
exclusive anatomical configuration is an independent
mobile organ which when resected leads to severe
functional disability in speech, swallowing and may cause
life threatening aspiration.
Thus, it is challenging to restore bulk, mobility, and
sensibility in order for the reconstructed tongue to be
optimally functional. Fortunately with the current advances
in the field of microvascular reconstructive surgery it is now
possible to offer functional reconstruction to the patient
which makes a profound impact on improving the
outcomes in the rehabilitation of tongue cancer.
Goles of tongue reconstruction:
The short- term goals of reconstruction include:
-

Safe separation of the neck from the oral cavity and
oropharynx,

-

Prevention of aspiration, and achieving defect coverage
with

expedited

healing

of

wounds

for

timely

administration of adjuvant therapy.
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The long-term goals include:
-

Optimizing oral intake

-

Obtaining intelligible speech

-

Maintaining the larynx if total laryngectomy (TL) has not
been performed.

Relationship between flap selection and body habitus:
Cardinal to total glossectomy reconstruction is adequate
tissue bulk of neo-tongue. After hemiglossectomy, the
appropriate reconstruction of choice includes a thin fasciocutaneous flap such as the free radial artery forearm
(FRAFF) flap or a thin medial sural artery perforator
(MSAP) or antero- lateral thigh (ALT) flap so that it does
not affect the mobility of the residual native tongue and
further aids in articulation. However, in total glossectomy
defects the aim is to provide more bulk to restore
deglutition and articulation. In these situations, thicker
fascio-cutaneous or musculocutaneous flaps such as the
ALT and rectus abdominis (RA) flap may be indicated.
Adequate bulk is mandatory for tissue apposition and
propulsion of food towards oropharynx during the oral
3,4

phase of deglutition.

Tissue bulk provides proper volume

and protuberance which are necessary to ensure that the
neo-tongue contacts the palate and dental arches, which is
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a

basic

pre-requisite

reconstruction.

of

successful

functional

5

The current body habitus of the patient also plays a pivotal
role in selecting the ideal flap for reconstruction. Careful
examination of body habitus and adipo-fascial bulk present
at various flap donor sites can help guiding clinicians in
selecting the ideal flap for total glossectomy defect
reconstruction.
Reconstructive options:
The commonly done flaps

for

total glossectomy

reconstruction are pedicled pectoralis major myocutaneous
flap (PMMC), free soft tissue flaps like ALT (most
common),

RA

myocutaneous

flap,

latissimus

dorsi

myocutaneous flap (LD) and neurosensory flaps which
involve nerve coaptation to improve functional outcomes.
In cases of segmental mandibular defects along with total
glossectomy a free fibula osteocutaneous flap is employed
with skin paddle used to create an intraoral mound with
differential suturing
Comparative analysis of various available options is
summarized in Table 1.

Page | 10

PMMC: (Pectoralis Major Myocutaneous Flap)
The pectoralis major myocutaneous pedicled flap (PMMC)
is popularly described as the ‘workhorse’ of pedicled flaps
in head and neck reconstruction.

6

In the current era where free-tissue transfer has emerged
as the gold standard of reconstruction for large variety of
defects, the PMMC flap is still an option which cannot be
ignored and is routinely used as a lifeboat option as it is
reliable, technically simple and can be rapidly mobilised.
However, although PMMC allows reconstruction of the
mucosa in total glossectomy defects, the amount of tissue
added is seldom sufficient. In such cases, aspiration and
poor intelligibility of speech are common. To avoid these
dreaded complications, some authors have described to
close the laryngeal vestibule to decrease aspirations,
whereas some have reported placement of palatal
prosthesis to reduce the oral cavity volume

7,8

Modifications

in the design of the flap have been described by taking
extra skin and soft tissue around the required design which
is de-epithelized,

to fill up the submental and bilateral

submandibular area apart from the tongue defect. This
helps to provide adequate bulk in the space between
mandible and larynx, and hardly leaves any dead space in
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the resected bed which probably helps in better and faster
healing, lesser fistula rate, and promotes early removal of
tracheostomy and feeding tube

9

In a study by Lin et al on comparing the use of the
pectoralis major flap versus free tissue transfers for total
tongue defects, the pectoralis flap was associated with
poorer outcomes in speech intelligibility and achieved
minimal or no intelligibility in comparison to the patients
who underwent free flap reconstruction. Phonation was
also better in those undergoing free flap transfer (P < .05
for the ability to phonate only, Fisher exact test)

10

Hence,

like

other

than

selected

indications

better

adipofascial bulk, poor mouth opening, advanced disease
with poor prognosis, associated posterior segmental
mandibulectomy, PMMC is not considered as first choice
for reconstruction of total glossectomy defects.
Free anterolateral thigh flap (FALT):
The free anterolateral thigh perforator flaps first reported
by

Song

has

earned

itspopularity

in

oral

cavity

reconstructions since 1984 and is now considered as one
of

the

most

reconstructions.

important

tools

in

head

and

neck

11
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Various advantages of this flap are:
 Long pedicle ,with suitable vessel diameter,
 Myo-cutaneous flap can be used for providing more bulk
which augments the base of the tongue following total
glossectomy, thus allowing the combined movements of
the mandible and soft palate to close the oropharynx.
 Can be used as neuro-sensory flap where lateral
cutaneous nerve of thigh is coapted to lingual for better
sensibility
 Can be raised as a chimeric flap which provides threedimensional reconstruction hence can be more useful in
total glossectomy defects.

12

Although other flaps like LD and RA flaps (VRAM or
TRAM) have been described for total glossectomy
reconstruction, ALT flap is superior in terms of ease of
harvest and does not require a change in patient position
as for LD flap and has lesser donor site morbidity in
comparison to RA flap.
Engel et al have proposed a pentagonal anterolateral thigh
myo-cutaneous flap design for total tongue defects to
facilitate better flap inset, adequate volume, and an
aesthetically pleasing neo-tongue tip. The posterior V
shape of the pentagon allows a good sloping profile when
Page | 13

viewed in cross-section, and also increased posterior to
anterior tongue projection. The anterior I shape allowed
increased mobility and freeing of the neo-tongue tip, and
also created a gingival sulcus which prevents pooling of
saliva and subsequent drooling. (Figure 1) These patients
following reconstruction had a reasonable quality of life
despite the debilitating effects following total glossectomy.
Ten out of twelve patients operated for total glossectomy
had good ratings for diet or cosmetic appearance following
13

reconstruction using this technique .
Figure 1: Schematic drawing of a reconstructed total tongue with
free myo-cutaneous antero-latreal thigh flap . A pentagonal flap
shape for creation of the tongue tip (A, B, and F) and the base of

13

the tongue (E, C, and D) is used. VL, vastus lateralis .

In a retrospective study by Wang et al14, 53 patients who
underwent FALT for total glossectomy defects were
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compared with 44 patients who underwent FRAFF. A
questionnaire was given to the patients which included the
questions pertaining to the shape, appearance of the neotongue and as well focussed on the donor site morbidity
which included paraesthesia and weakness of the
operated limb. Most of the patients who underwent FALT
were satisfied with the appearance (P value< 0.001) of the
reconstructed tongue and the intelligibility of their speech,
and there were fewer complications compared to FRAFF.
They concluded that ALT flap can not only provide bulk but
also ensure mobility, along with several other advantages
mentioned before which gives the liberty to adjust the
thickness and volume of the flap based on the individual
extent of the defect. Based on their experience, they
recommend that ALT should be the first choice for
extensive and large defects in the tongue and the floor of
14

the mouth.

Free radial artery forearm flap (FRAFF):
FRAFF is mainly suitable for partial/hemi-glossectomy
defects owing to thin and pliable skin of the forearm. In
selected total glossectomy defects, where the patient is
obese , has abundant adipose tissue in their donor chest
or abdomen which makes harvest and inset of the flap
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difficult or when patient has severe trismus, in such cases
if sufficient subcutaneous soft tissue bulk is present in the
forearm, then FRAFF may be utilised.

15

Harvesting FRAFF

can alter the sensation of the hand along with taking away
a major extremity vessel,and the concealment of the
surgical wound is not ideal as skin grafts are needed to
cover the donor area, which makes it difficult for many
16

patients to accept . It is precisely because of these
shortcomings; the ALT flap is widely used and preferred in
tongue reconstruction.
Neurosensory flaps and other modifications:
Neurosensory flaps are innervated flaps which provide
sensibility, vascularity and coverage to a given defect while
free functioning muscle transfers provide form as well as
function. Sensory and motor recovery is an important
factor in a dynamic structure like tongue that is often
neglected in the reconstructive algorithm; however it is
supposed to be an essential factor for the proper function
of the tongue, yet the controversy regarding the use of
neurosensory flaps still persists.

17

The commonly used neuro-sensory/motor flaps for tongue
reconstruction are:
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- FRAFF-Lateral antebrachial cutaneous nerve (sensory)
- FALT-Lateral femoral cutaneous nerve (sensory)
- LD-Thoraco-dorsal nerve (motor)
- Gracilis-obturator nerve (motor)
The sensory nerves to the cutaneous paddle of the flap
can be coapted to the lingual nerve in neck and the
muscles can be motorised by coaptation to the available
hypoglossal nerve.
Biglioli et al. and Katou et al

18,19

, found a higher

satisfaction rate when using sensate forearm flaps than
non-sensate ones. Tincani et al. found that innervated
flaps maintained symmetry of the reconstructed tongue,
which may aid swallowing.
Sharma et al.

21

20

reported two patients who underwent

tongue reconstruction, providing movement and elevation
to the neo-tongue using the innervated gracilis free flap
and added a secretory component simultaneously as well
to maintain lubrication of the oral cavity by simultaneous
transfer of the free gastro-omental free flap.
The dynamic gracilis muscle functions as a motor unit
providing active tongue movements which aids swallowing
by allowing for elevation of the larynx and better speech.
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The stomach was used in an inside-out manner to act as a
substitute source of oral secretions as most of these
patients develop xerostomia post radiotherapy.
Andrey et al

22

21

have proposed an approach to surgical

treatment of a locally advanced carcinoma tongue using
chimeric LD+Serratus anterior muscule flap reconstruction
with motor reinnervation (Figure 2) which provides
- Stabilization of laryngeal complex
- Reconstruction of the oral floor diaphragm,
- Creation of the adequate volume of the neo-tongue
- Good functional aesthetic results and
- Significant reduction of the inpatient rehabilitation time.
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Figure 2: The muscular portion from the fibres of the serratus
anterior muscle to the lower mandible in the position of the outer
muscles of the oral floor; and the scheme of the flap location in
the oral cavity

Ozkan et al published a report of 6 patients of total
glossectomy reconstruction with a chimeric ALT flap with
both motor and sensory reinnervation and evaluated the
sensation, speech, and swallowing abilities over a period
of 35 months. Their results strongly suggested that this
reconstructive approach can result in good swallowing
outcomes, aesthetic appearance and better functional
speech than techniques previously described for patients
with advanced tongue cancer.

23
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Table 1: Comparison of Aesthetic and functional parameters of
various flaps used in Total/subtotal glossectomy
Flap

Bulk

Aesthetic
Speech &
appearance swallowing

Ease of
harvest

PMMC

++ scar
over the
chest

+

--

--

-

-

-

+

++
STSG
donor site

++

++

++

++

--

Intra-op
position
change

-

FRAFF

FALT
LD

+
VRAM
Neuros
ensory
flaps

Donor site
morbidity

-

+

+

++

+

Mesh –
donor site

++

++

++

+

+
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Conclusion:
- Total

glossectomy

defects

remain

a

challenging

reconstructive problem for plastic surgeons.
- Use of myocutaneous or fasciocutaneous free flaps is an
ideal method of choice when applicable and provides
long-term tissue bulk required for optimal palatal
apposition and swallowing function in comparison to
PMMC flap.
- The focus is increasingly shifting to reducing the donorsite morbidity and sensory motor reconstruction to
replace like with like.
- Free

flap

reconstruction

after

total

or

subtotal

glossectomy provides good functional results with low
morbidity, allowing restoration of oral feeding and
intelligible speech in most patients.
- Dedicated speech and swallowing therapy unit with early
and systematic functional rehabilitation is of paramount
importance for the oral functions
- Motivated patients with good family support who comply
with regular follow-up perform better and report better
quality of life overall.
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Discussion In the joint clinic with oncosurgeon to
determine likely rescection

Evaluation of possible donor sitesThigh, chest, trunk, back for the judgment on the
adipofascial bulk, counsel the patient about the
option of Neuro-sensory flaps and rehabilitation

Post resection defect assessment and creating a
pattern for horizontal and vertical dimensions

Large volume defect

Small /moderate
volume defect

Evaluate for FALT,
TFL, VRAM, PMMC

FRAFF/ MASP

Figure 3: Our protocol for near total to total tongue reconstruction
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2. Choice of the Orbital floor reconstruction in total
maxillectomy defects: Current consensus
Dr. Prince Gupta, Dr. Ameya Bindu,
Dr. Vinay Kant Shankhdhar
Introduction
Ocular

preservation is

often pursued

zealously by

surgeons in the cases of total maxillectomy due to
advancements

in

orbital

floor

reconstruction.

The

importance of the eye in functional and aesthetic aspects
cannot be overemphasized and this had led to increasing
indications for orbital preservation. This has invigorated the
interest of the reconstructive surgeon to find the best
option for the reconstruction of these defects. The goals of
orbital floor reconstruction in total maxillectomy with the
ocular preservation are:
•

Support the orbital contents vertically to achieve correct
ocular height and prevent dystopia and enophthalmos

•

Recreate the infraorbital rim (horizontal buttress) for
facial aesthetics

•

Achieve the barrier between the nasopharynx and
orbital cavity

•

Achieve aesthetic and symmetrical contour of the face
and eyes.
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Techniques of the orbital floor reconstruction
The orbital floor reconstruction is still a reconstructive
enigma often faced with multiple problems and decisionmaking parameters. Numerous techniques have been
described to reconstruct the orbital floor after total
maxillectomy. The initial studies have used skin grafts with
or without a muscular sling combined with a palatal
1

prosthesis. The study by Stern et al (1993) on patients
who underwent orbital floor resection and reconstruction
using only skin graft resulted in very poor ocular function
with ectropion in 78%, and enophthalmos & diplopia in
44% of patients. Authors concluded that cases in which the
orbital floor was resected fared poorly, with only 17%
retaining adequate function in the ipsilateral eye. A study
2

by Imola et al noticed severe to moderate enophthalmos
in total orbital floor defect with non-rigid reconstruction in
56% of patients while only 23% of patients with rigid
reconstruction had moderate enophthalmos and none had
severe enophthalmos. Thus, for total orbital floor defects,
rigid reconstruction is now considered the method of
choice. Non- rigid reconstruction can be considered for
small partial orbital floor defects. Various materials used
today for orbital floor reconstruction can be classified into
alloplastic, allogenic, and autogenous. (Table 1)
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Alloplastic reconstruction of the orbital floor
Various alloplastic materials documented in the literature
are rigid metallic mesh- like titanium and Vitallium mesh,
semi-rigid bioactive material like Medpor and silicon, and
various non-rigid mesh-like PTFE, Polyamide, Vicryl mesh,
and PDS mesh. Allogenic grafts include lyophilized dura,
tensor fasciae lata, banked bone, and lyophilized cartilage.
The various autogenous materials used for the orbital floor
reconstruction are rigid bone (vascularised and avascular)
and non-rigid fascia (vascularised and avascular).
The use of alloplastic materials has been documented
extensively in trauma with an orbital fracture. However,
there are very few articles regarding their application in
oncological resections with orbital floor reconstruction
which

might

require

postoperative

radiation.

Many

surgeons have described using a titanium mesh along with
free flap or pedicle tissue like temporalis fascia to
completely cover the implant in oncoreconstruction. In a
3

series of 10 patients, Zang et al showed normal ocular
movement and no diplopia in all except one who had
postoperative radiation. There was no reported implant
exposure and all patients showed satisfactory facial
4

symmetry. Trosman et al used titanium mesh suspension
Page | 29

combined with a layered fibular free flap to address large
orbital defects after maxillectomy. Fibula bone was used to
recreate the orbital rim, malar eminence, and alveolar arch.
Titanium mesh was used to provide support for the orbital
contents, which was further bolstered by a de-epithelized
skin paddle within the obliterated maxillary sinus. After a
four-year follow-up, all patients had unrestricted eye
function and 10 out of 12 patients had satisfactory
midfacial symmetry. One patient exhibited titanium mesh
exposure and two patients required soft tissue coverage of
exposed intraoral bone following radiation.
However high risk of implant exposure after radiation and
difficulty in removal of implants due to tissue ingrowth deter
surgeons from using these materials for orbital floor
reconstruction. Medpore and silicone are also associated
with high complication rates and are not routinely used for
5

orbital floor reconstruction. Morrison et al have shown
13% of patients with orbital floor reconstruction with
silicone implant requiring removal of the implant due to
infection, migration of the implant, and worsening ocular
symptoms.
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Allogenic reconstruction of the orbital floor
Allogenic materials are rarely used in oncological settings.
However, there are multiple reports of their application for
orbital floor reconstruction in orbital fractures. A review of
77 orbital floor reconstructions using lyophilized dura postfracture showed a 20% enophthalmos rate with no
6

evidence of infection or extrusion. A study of 21 patients
undergoing orbital floor reconstruction using cadaveric
bone graft for fracture showed very good results with no
reported diplopia, infection, implant extrusion, or need for
7

graft removal. Only one patient had enophthalmos and
none of the grafts showed any significant resorption in
postoperative CT scans. However, there is no published
data on reconstruction of the orbital floor defect post
oncological resection using cadaveric bone graft.
Autologous reconstruction of the orbital floor
Currently, autologous tissue is considered the gold
standard for orbital floor reconstruction in an oncological
setting

for

obvious

advantages

of

better

tissue

incorporation, osseointegration, and lesser extrusion or
resorption rates. The autologous tissue can be an
avascular graft or vascularized bone as a part of
osteomyocutaneus

free

flap.

The

debate

of

the
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vascularised versus avascular bone is unresolved with the
pros and cons of both approaches.
Autologous avascular rigid reconstruction of orbital
floor
The sources of avascular bone include the iliac crest, split
calvarium, ribs, and mandible. Avascular bone graft with
soft tissue myocutaneous free flap has been advocated by
many

authors

with

good

aesthetic

and

functional

outcomes. It is technically easier to reconstruct by
obliterating the maxillary cavity and supporting the bone
8

graft with the soft tissue bulk. Cordeiro and associates are
proponents of using avascular bone graft with soft tissue
free

flaps

for

orbital

floor

reconstruction

in

total

maxillectomy defects post oncological resections. He has
described classification and algorithm for reconstruction of
maxillary defects. Split calvarium, iliac crest, or ribs were
utilised to restore both the maxillary prominence and the
orbital floor whereas, for mucosal and skin lining, Rectus
abdominis myocutaneous flap was used to cover the bone
graft and for separation the orbital contents from the oral
cavity. He successfully followed up 21 patients out of 42
patients who underwent orbital floor reconstruction. All
patients maintained normal vision. Minor complications
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reported were mild vertical diplopia (4.8%), mild horizontal
diplopia (19%), which did not cause any functional
problems and no treatment or secondary correction was
necessary. Enophthalmos developed in one patient (4.8 %)
and lower eyelid ectropion developed in 10 patients
(47.6%), which was rated as mild in four (19%), moderate
in three (14.3%), and severe in three patients (14.3%).
None of the patients with ectropion underwent additional
procedures. He stressed on rigid reconstruction of the
orbital floor and prioritized soft tissue fill as the most
important component for these defects. He further noticed
that orbital floor reconstruction requires thin bone with a
large curved/contoured surface area. A linear segment of
the fibula bone will not support the orbital contents, and
enophthalmos will occur. He further published another
9

study

reporting various modifications to his original

technique reporting better aesthetic and functional results.
They can be enlisted as avoiding ribs as bone graft due to
poor strength, fixing bone graft higher than normal position
to compensate for the loss of soft tissue and muscle,
putting graft posteriorly at least 4 to 4.5 cm in all cases,
rigidly fixing bone graft using tongue in groove method
using single screw laterally and using miniplate medially,
using transconjunctival incision to decrease the ectropion
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rate, performing lateral and medial canthopexy to prevent
lower lid ptosis and performing lid shortening canthoplasty
few months after radiation.
Bianchi et al

10

also showed good results with avascular

bone graft and rectus abdominis flap in 22 patients with
diplopia in 3 and ectropion in 5 patients. They later
switched to using free anterolateral thigh flaps and
published a series of 8 patients with 2 patients having
diplopia, 1 with ectropion, and 1 patient requiring plate
removal and nibbling of exposed bone.

11

He also showed

persistence of avascular bone graft 20 months after
radiation in one patient using a CT scan.
Autologous vascular rigid reconstruction of orbital
floor
The vascularized bone can be either free flap-based
(radial, fibula, scapula, and iliac crest) or pedicle-based
(calvarium with temporalis and coronoid with temporalis).
Free-flap based vascular bone provides more tissue for
reconstruction allowing simultaneous repair of upper
alveolectomy defect and provides bulk to the maxillary
sinus and zygoma defect. Thus, it is useful for defects with
large volume and surface area requirements (Corderio
Type 3a defect). Pedicle-based bone provides less tissue
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and is rarely utilized except for very small defects. They
need an additional obturator for the palatal reconstruction.
The vascularized bone is more resilient to the effects of
radiation with a lesser risk of bone resorption. However,
they are difficult to shape and contour and might require a
vein graft due to inadequate reach of the pedicle to neck
vessels. It is difficult to reconstruct the complete orbital
floor, as the depth of the bone stock is often inadequate as
they are usually long bones providing the rim projection as
noticed

by

Cordiero

et

al.

8

Orienting

the

bone

anteroposteriorly or stacking it one behind the other are
some of the techniques employed to achieve the entire
floor support. Therefore, there is a slightly higher chance of
enophthalmos unless the floor defect is completely
covered as discussed above. Shipchandler et al

12

reviewed

the result of seven patients undergoing orbital floor
reconstruction using free fibula. He noticed enophthalmos
in 1 patient, ectropion in 3 patients, and plate exposure in 1
patient. None had any diplopia or orbital movement
restriction. Miles

13

reported using a free composite scapula

flap for these defects and noticed 3% globe malposition,
18% ectropion, and 5% implant exposure. Use of the
vascularised fibula flap for the orbital floor defect is further
associated with many unsolved queries like the use of
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muscle-based proximal bone or peroneal vessel-based
distal bone, cantilever fixation versus bilateral fixation, and
use of mini plates or other techniques for fixation. Implant
or bone exposure is a frequent complication in this region
due to thin overlying infraorbital skin often necessitating
secondary procedure for the same.
Another option to circumvent the problem of providing
depth in the orbital floor by vascularized bone is to use a
free tensor fascia lata - iliac crest osteomyocutaneus flap
(Figure 1). This flap provides a good vascularised flat bone
with adequate depth along with the iliac crest to mimic the
rim. It also provides adequate muscle and soft tissue bulk
with

sufficient

skin

cover

for

skin

and

mucosal

reconstruction. However simultaneous vascularised bony
14

reconstruction of the alveolus is difficult. Iyer et al

studied

this flap in 7 patients over 6 months. They reported
excellent results with no diplopia in all cases. One patient
had enophthalmos and ectropion. CT scan done 4 months
post procedure showed viable bone in all except one who
had partial necrosis requiring debridement without affecting
globe position.
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Vastus Lateralis Muscle

FALT Skin paddle
Tensor Fascia Lata
Muscle

MuscleIliac Crest Bone
Figure 1: - Vascularised Iliac crest TFL with FALT and
chimeric vastus lateralis flap
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Our experience and protocol of the orbital floor
reconstruction
Our centre has performed around 225 free flaps for total
maxillectomy defects requiring orbital floor reconstruction
from 2011 till 2019. Avascular bone graft was used in 85
patients and vascularized bone support in 91 patients. We
have found excellent long-term retention of the soft tissue
bulk over cheek post-radiation with free anterolateral thigh
flap with avascular iliac crest graft for the orbital floor.
(Figure 2) Vastus lateralis muscle is harvested as a
chimeric tissue with this flap to be utilised in the maxillary
cavity on the under surface of the bone graft to increase
graft incorporation. This technique is especially very useful
for defects with outer skin loss where volume requirement
is huge. However, time and gravity associated descent of
soft tissue over the cheek results in ectropion, which can
be controlled by a retention stitch using non-absorbable
sutures to fix under the surface of the flap with the bone
graft and implant. The major and frequent long term
complication

is

implant

and

bone

exposure

and

osteoradionecrosis post-radiation.
Free fibula osteomyocutaneous flap is employed for
simultaneous reconstruction of upper alveolar defect along
Page | 38

with orbital floor defect especially in the cases with
premaxilla resection. Fibula is also preferred in a young
patient with a good disease prognosis as to achieve better
long term aesthetic results. The orbital floor segment can
be either vascularised (in contact with the distal pedicle) or
based on flexor halluces longus muscle depending on the
bone requirement and pedicle reach. (Figure 3) Deepithelised part of extra skin paddle or a chimeric muscle
unit can be used as a filler for maxillary cavity. These
patients often have volume deficits over the zygomatic and
infraorbital region. Frequently encountered long term
complications include enophthalmos, diplopia, ectropion,
and implant and bone exposure post-radiation. However, it
does provide excellent upper lip support and palatal lining.
We have not found any significant difference concerning
bone and implant exposure post- radiation between
avascular bone grafts with soft tissue free flap and
vascularised osteomyocutaneus free fibula. Therefore, the
decision

making

of

flap

choice

and

orbital

floor

reconstruction is individualised and depends on multitude
of other factors as summarised in Figure 4.
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Figure 2: - FALT with iliac crest bone graft for total maxillectomy
with extensive outer skin defect

Figure 3: - FFOCF for total maxillectomy with vascularised distal
fibula for orbital floor. Extra skin de-epithelized and used for fill
over cheek.
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Orbital floor defect

Partial floor defect

Subtotal/ total floor
multisegment defect

Use non rigid support
vascularised Fascia lata
with Free ALT/Anterior
sheath with free rectus
abdominis flap
Associated extensive
alveolus and premaxilla
defect favourable factors*

Use rigid support

Small alveolus defect
sparing premaxilla
unfavourable factors*

Favourable factors *
 Young age
 No comorbidities (Diabetes, smoking, cardiac
complications)
 Good disease prognosis and R0 resection with
negative frozen margins.
 Absence of the outer skin defect

Use free fibula alone
or with a bone graft

Use FALT/rectus abdominis
with the bone graft

Figure 4:- Our protocol for orbital floor reconstruction in
total maxillectomy defects
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Limitation of long term data and evidence
There are very few studies evaluating the short-term and
longterm functional and aesthetic outcomes of orbital floor
reconstruction with free tissue transfers. Most of these
studies have a poor sample size and inadequate follow up
and use different scales of evaluation making it difficult to
review and have a comparative analysis of the same.
Different centres use different techniques (vascular versus
avascular) of reconstruction, making comparative analysis
further difficult. There are also very few studies comparing
the quality of life of the patients leading to personal
preference-guided decision making. We have formulated a
study to evaluate the long-term result and complications of
both these techniques using the same parameters and aim
to study the long-term quality of life of these patients and
are planning to formulate a protocol and algorithmic
approach towards the reconstruction of these defects.
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Conclusion
Orbital floor reconstruction is a complex task with multiple
goals and various options. Autologous free flap is
considered the gold standard technique of reconstruction
currently. The debate of autologous avascular versus
vascular reconstruction is still unsolved and each has
given good results in hands of different authors. There is a
need to study these two techniques using the same
parameters in a large set of patients over a longer time
frame to get an evidence based solution to this issue.
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Table 1: - Advantages and disadvantages of various
methods of the Orbital floor reconstruction.
Support for the
orbital floor

Advantages

Easy availability
Alloplastic
material

No donor site
morbidity
Easier to place

Allogenous
graft

No risk of
resorption
No donor site
morbidity
Can get replaced
by bone
using creeping
substitution

Easy to harvest

Avascular
bone graft

Less complicated
surgery
Can provide good
flat bone for floor

Disadvantages

Risk of extrusion
and infection
Difficult to remove
due to tissue
ingrowth
Foreign body
reaction
Does not replace
bone
Risk of resorption
Extrusion
Infection
Transmission of
diseases
Risk of resorption
with unpredictable
take
More risk of
osteoradionecrosis
(ORN) and
infection causing
pus draining
Extrusion

No major donor
morbidity
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Support for the
orbital floor

Vascularized
bone graft

Advantages

Disadvantages

More resistant to
resorption, ORN,
infection

Difficult to shape
the bone requiring
longer learning
curve

Allows
simultaneous bony
reconstruction of
alveolus providing
chance of dental
rehabilitation

Longer surgery

Can also provide
zygoma support
Can provide rim
reconstruction
after osteotomy

May need vein
graft for the reach
of vessel in neck
May fall short of
soft tissue volume
for fill of the dead
space
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Functional outcomes with skin versus intestinal flaps
for circumferential pharyngeal defects
Dr. Himanshu Gupta, Dr. Vineet Pilania,
Dr. Dushyant Jaiswal
Introduction
Pharyngolaryngoesophageal (PLO) reconstruction is a
complex and technically demanding procedure. The
reconstructive surgeon's concerns include avoiding fistula
and stricture formation, as well as restoring normal speech
and swallowing. The literature describes a wide range of
reconstructive techniques for circumferential defects, the
most popular of which are jejunal free flaps (JFF),
anterolateral thigh flaps (ALT), and radial forearm free
flaps (RFF). Jejunal free flaps have been there for a long
time, but they've been criticized for having a low- pitched
"wet," "gurgly" voice that makes it difficult to generate
comprehensible speech.

1

Several studies have recently

demonstrated that tubed fasciocutaneous (FC) free flaps
can achieve similar fistula and stricture rates as JFF while
providing better functional results.

2,3

However, further

studies have been published that highlight the JFF's
advantages and continued clinical superiority.

4,5

As a

result, there is no clear consensus on which is the ideal
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reconstructive approach for the best results. Many studies
have been published in literature re- garding the functional
outcomes of various techniques as summarised in Table
6

1.

Fistula and Stricture
The cumulative outcome rates for the different flaps for
6

circumferential defects are shown in Table 2. Fistula rates
were significantly higher in ALT than JFF (P<0.0005), with
a 2.3 times (risk ratio [RR] =2.310, 95% confidence interval
[CI]=1.636–3.261) increased risk. Fistula rates were
significantly higher in RFF than JFF (P<0.0005), with a 3.9
times (RR=3.892, 95% CI=2.653–5.710) increased risk.
Fistula rates were significantly higher in RFF than ALT
(P=0.005), with a 1.7 times (RR=1.685, 95% CI=1.183–
2.399) increased risk.
In terms of stricture rates, patients who underwent ALT
reconstruction had 1.7 times (RR=1.714, 95% CI=1.240–
2.370, P=0.001) risk of developing a stricture compared
with patients who underwent JFF reconstruction. Stricture
rates were also significantly higher in RFF than
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Table 1: Review of Literature of PLO Defects: Morbidity

TEP*

2

2

NA

1

1

8

NA

10

3

2

NA

NA

10

ALT

7

4

1

2

NA

7

2016

ALT

13

2

NA

NA

NA

NA

Kao et al26

2015

ALT

43

13

12

NA

NA

37

Tan et al9

2015

ALT

21

7

8

NA

NA

NA

Parmar et al5

2014

ALT

6

3

4

5

2

4

Durmus et al27

2013

ALT

6

2

1

NA

NA

6

Kim et al28

2013

ALT

4

2

NA

NA

NA

4

Lopez et al12

2013

ALT

26

1

1

NA

NA

26

Lopez et al12

2013

ALT

0

0

NA

NA

5

Revenaugh et al29 2013

ALT

1

4

19

19

18

Year

Flap

2017

ALT

Ooi et al23

2017

ALT

Zelken et al14

2017

ALT

Ghazali et al24

2016

Scaglioni et al25

21

Oral Alimentation‡

Stricture

2

Ooi et al23

Speech†

Fistula

3

Study

Circumferential

and Functional Outcomes
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Tan et al31

2012

ALT

Tan et al31

2012

ALT

Chan et al8

2011

ALT

Fujiwara et al15

2011

Spyropoulou et al
32

Oral Alimentation‡

ALT

Speech†

2012

TEP*

Ho et al30

5

Stricture

ALT

Fistula

Flap

2012

Circumferential

Year

Study
Ho et al30

NA

2

NA

NA

NA

NA

3

NA

NA

NA

1

NA

NA

NA

NA

2

NA

NA

NA

NA

24

3

3

NA

NA

24

ALT

5

0

0

0

NA

5

2011

ALT

27

5

3

NA

NA

22

Spyropoulou et al
32

2011

ALT

4

0

NA

NA

22

Tan et al33

2011

ALT

0

0

NA

NA

3

Tan et al33

2011

ALT

0

0

NA

NA

2

Sagar et al34

2010

ALT

20

5

6

20

8

13

Yu et al35

2010

ALT

67

6

6

24

18

51

Yu et al35

2010

ALT

4

1

27

19

41

Spyropoulou et al
36

2009

ALT

4

2

NA

NA

8

5

3

8
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Oral Alimentation‡

NA

7

14

0

2

8

8

14

JFF

10

3

0

NA

NA

NA

2014

JFF

28

2

1

NA

NA

NA

Laing et al39

2013

JFF

31

3

3

8

8

21

Perez-Smith et al4

2013

JFF

366

30

40

96

78

337

Li et al40

2012

JFF

14

0

0

NA

NA

14

Schneider et al41

2012

JFF

29

5

6

NA

NA

NA

Chan et al8

2011

JFF

86

4

2

NA

NA

86

Numajiri et al42

2010

JFF

5

NA

2

NA

NA

5

Sharp et al43

2010

JFF

19

2

6

19

15

18

Hong et al17

2009

JFF

18

1

6

NA

NA

NA

Kao et al26

2015

RFF

30

17

15

NA

NA

26

Tan et al9

2015

RFF

14

7

8

NA

NA

NA

Kim et al28

2013

RFF

0

NA

NA

NA

2

Year

Flap
ALT

Murray et al37

2007

ALT

Tan et al9

2015

Denewer et al38

Speech†

Stricture

NA

2009

TEP*

Fistula

Circumferential

0

Study

0

Spyropoulou et al
36
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NA

0

NA

NA

Lopez et al12

2013

RFF

14

2

2

NA

NA

NA

Lopez et al12

2013

RFF

2

0

NA

NA

NA

Fujiwara et al15

2011

RFF

5

0

1

0

NA

5

Song et al45

2011

RFF

3

0

NA

NA

NA

3

Song et al45

2011

RFF

1

NA

NA

NA

5

Yang et al46

2011

RFF

8

1

NA

0

NA

NA

Hong et al17

2009

RFF

13

6

2

NA

NA

NA

Sakuraba et al47

2008

RFF

7

NA

0

NA

17

Oral Alimentation‡

Fistula
1

Speech†

Circumferential
18

TEP*

Flap
RFF

Stricture

Year
2013

Study
Lee et al44

*Tracheoesophageal puncture.
†Categorized as fluent, functional, excellent, intelligible, or the
main mode of communication.
‡On soft, liquid, normal diet, excluding partial tube feeding or
described as swallowing being excellent or regained.
Abbreviations: NA, figures not quoted or not possible to
interpret accurately; TEP-tracheoesophageal puncture.
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JFF (P<0.0005), with patients undergoing RFF
reconstruction having 3.4 times (RR = 3.383, 95% CI
=2.332–4.908) risk of stricture compared with patients
who underwent JFF recon- struction. Stricture rates
were significantly higher in RFF than ALT (P = 0.001),
with a 2.0 times (RR = 1.973, 95% CI = 1.358–2.867)
increased risk. This suggests a superiority of bowel
tubes used for reconstruction of circumferential
pharyngeal defects against tubed skin flaps with
regards to stricture formation.
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Table 2: Comparison of outcomes between different
reconstructive techniques for circumferential defects

ALT

RFF

JFF

Oral
Alimentation
(%)

Fistula
(%)

Stricture
(%)

TEP
(%)

Speech
(%)

64/333

59/316

76/128

55/76

252/281

(19.2%)

(18.7%)

(59.4%) (72.4%)

(89.7%)

34/105

28/76

(32.4%) (36.8%)
50/601

66/606

(8.3%)

(10.9%)

NA
123/18
6
(66.1%)

NA

34/37
(91.9%)

101/123

481/521

(82.1%)

(92.3%)
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Effect of radiotherapy on fistula and stricture rates for
circumferential defects
Fistula rates were significantly higher in patients who
underwent preoperative radiotherapy than those who did
not (P=0.005), with a 4.0 times (RR=3.975, 95%
CI=1.385–11.410) increased risk (Table 3). There was no
significant difference in stricture (P=0.602) rates between
patients with and without preoperative radiotherapy.
Comparing

patients

with

and

without

postoperative

radiotherapy, there was also no significant difference in
fistula (P=0.103) and stricture rates (P =0.494).

6

In the past, the JFF has been associated to a decreased
risk of fistula and stricture develop- ment than the RFF.

7

Several studies have recently examined the rates of fistula
and stricture in JFF vs FC free flaps. Perez-Smith et al 4
found considerably reduced fistula and stricture rates than
FC flap results in a large series of 368 consecutive JFF
reconstructions. Fistula (JFF=4.6% vs ALT = 12.5%) and
stricture (JFF = 2.3% vs ALT = 12.5%) rates were found to
be lower in JFF than ALT in another large series by Chan
et al.

8
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Table 3: Comparison of Fistula and Stricture rates between
patients with and without radiotherapy for circumferential
PLO defects
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14

Total

39

45

44

Song et al (2011)

Lee et al (2013)

Laing et al (2013)

Fujiwara et al (2011)

Kim et al(2013)

28

Parmar et al (2014)

5

25

15

Scaglioni et al (2016)

Ooi et al (2017)

23

Zelken et al (2017)

Study

RFF

RFF

JFF

ALT

ALT

ALT

ALT

ALT

ALT

Flap

No Pre-op
Radiotherapy

Post-op
No Post-op
Radiotherapy Radiotherapy

NA

0

11

3

1

1

12

3

9

5

3

4

3

1

3

2

0

0

3

NA

1

1

0

3

0

1

1

0

1

2

0

0

1

20.6 11.5
%
%

7/34 6/52

NA

1 12 NA

0 18

0

1

2

0

NA

0

16.1 7.5
%
%

NA

NA

1

0

0

4

NA

NA

0

21.4
30%
%

3

18

20

2

3

5

1

0

1

5/31 4/53

NA

NA

3

0

1

1

2

2

3

6/28 12/40

NA

NA

2

0

0

0

NA

2

2

0

1

0

6

13

0

1

2

NA

0

2

NA

1

1

2

2

2

12%

24.4
%

3/25 10/41

NA

NA

1

NA

0

1

10 NA

2

7

Tota Strict Fistul
Strict Fistu Tot Strict
Tot Strict Fistul
Total
NA
l
ure
a
ure la al ure
al ure
a

Pre-op
Radiotherapy

Abbreviation: NA, figures not quoted or not possible to
interpret accurately.
9

Tan et al used an esophagogram and esophagoscopy to
examine the fistula and stricture rates between the ALT,
RFF, and JFF, and reported that the JFF had a
considerably lower stricture rate than the ALT and RFF.
5

Parmar et al abandoned the ALT in favour of the JFF after
experiencing unsatisfactory results with the ALT, including
significant fistula and stricture rates. The need for
tubularization of the flap for inset, which leads to the usage
of T connections and extra longitudinal suture lines, which
might be possible locations for anastomotic leakage, has
been suggested as a reason for the higher fistula rates in
tubed FC flaps.

10

Increased fistula rates in FC flaps result in extended
inflammation, scar formation, and con- tracture, resulting in
a higher rate of stricture.

10,11

Furthermore, unlike the skin-

to-mucosa interface in FC flap reconstruction, the JFF
allows for mucosa-to-mucosa anastomosis, which may
contribute to the reduced fistula and stricture development
in JFFs.

8

Modifications that have been proposed to

minimize fistula and stricture rates for FC flaps include the
use of a salivary bypass tube,

12,13

delta-inset thigh flap
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method,

14

spatulation with interdigitation at the distal

anastomosis site,
reinforcement,

16

15

ALT with vastus lateralis muscle

using the remnant narrow pharyngeal strip

as an interpositional flap,

17

and performing a Z-plasty at

the esophageal anastomotic site.

18

In comparison to FC flaps, the jejunal free flap has long
been regarded to have poor functional results. However,
6

extensive meta-analysis by Koh et al concluded that the
JFF and the FC ALT and RFF flaps had similar swallowing
and speaking speeds and outcomes. The improvement in
functional outcomes for JFF likely reflects the modifications
introduced and the learning curve with the technique.
4

Perez-Smith et al observed that 91.6 percent of their
patients who got JFF were able to achieve and maintain an
oral diet, which is similar to the 90.7 percent described in
the

FC

flap

series.

To

reduce

redundancy,

they

recommended measuring the jejunum segment at light
tension and conducting the inset under mild strain. In his
review of 202 patients, Chan et al reported that patients
receiving

JFF

actually

achieved

better

functional

outcomes, with 61.9% of them being able to resume
normal, solid diet compared with 38.2% in the ALT group.
One hundred percent (84/84) of patients in the JFF group
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are able to achieve oral alimentation, attributable to the
presence of mucus secretion and iso-peristalsis of the
bowel tube.

8

In terms of speech rehabilitation, tracheoesophageal
puncture through a firm skin flap compared with floppy
intestinal mucosa has been preferred in recent years.
However, speech rehabilitation rates for JFF have also
been shown in recent years to be comparable with FC
flaps. In a rigorous study comparing speech between RFF
and JFF using both objective acoustic analysis and blinded
subjective assessment, Deschler et al

19

concluded that

tracheoesophageal voice in JFF and RFF was equivalent.
It should be noted that in comparing speech and
swallowing outcomes, there was a noticeably poor
utilization of objective functional parameters in literature
(Table 4).
Although the JFF is demonstrably superior in lowering
fistula and stricture rates, the proponents of FC flaps still
note the reduced morbidity of these flaps vs the JFF, given
the latter's necessity for laparotomy with associated bowel
related problems. Numbness, tendon exposure, reduced
wrist range of motion, and a very visible unsightly scar on
the forearm for RFF

20,21

, as well as lateral thigh
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paraesthesia, musculoskeletal dysfunction, hypertrophic
scarring, and wound dehiscence for ALT, are all common
concerns with FC flaps.

22

However, in a series of 92 JFF

reconstructions, Razdan et al10 proved that JFF can have
low and acceptable donor site complication rates with
increased expertise in the method.
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Table 4: Objective Functional Parameters Reported in the
Literature to Evaluate Speech and Swal- lowing Outcomes
Study

Year

Objective Functional Parameters

Lee et al

2013

Speech: ability to produce voice,
phonation
efficacy,
maximal
phonation time (MPT)

PerezSmith et

2013

Speech:
Outcome
Scale

2011

Speech:
phonation
efficacy,
maximal phonation time, ability of
voice produc- tion, loudness,
grading of wetvoice, number
counting per breath, speech intelligibility (Hirose's classification)

2010

Speech:
dysphonia
therapy
outcome measure dysphonia scale
swallowing: The Royal Brisbane
Hospital Outcome Measure for
Swallowing (RBHOMS), Therapy
Outcome
Measure
Dysphagia
Scale (TOM)

2009

Swallowing: visual analog scale
(VAS) during interviews with
patients
–patients
without
swallowing impairment were given
7 points, those who felt discomfort
during consumption of a solid diet
received 6 points, those on a solid
diet who required simultaneous

44

4

al

Yang et
46

al

Sharp et al
43

Hong et
17

al

Dysphonia
Therapy
Measure
Dysphonia
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Study

Year

Sakuraba
47

et al

2008

Objective Functional Parameters
swallowing of water were given 5
points, those in whom consumption
of a solid diet was not feasible but
soft diet was received were given 4
points, those who found it
impossible to consume a soft diet
but could manage a liquid diet were
given 3 points, those who felt
discomfort during con- sumption of
a liquid diet were given 2 points,
and those unable to tolerate any
form of diet were assigned 1 point
Speech: Hirose's Japanese scoring
system

Incidence of donor site complications was extremely low,
including ileus (n=2), wound cellu- litis (n=1), wound
dehiscence (n=1), and small bowel obstruction (n=1).

10
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Conclusion
The JFF has a lower rate of fistula and stricture than the
ALT and RFF, allowing for early adjuvant therapy, a
shorter hospital stay, a decreased risk of complications,
and a quicker return to function. Importantly, the JFF has
oral alimentation and speaking rates that are equivalent to
the ALT and RFF. Despite the continued use of FC flaps
for PLO reconstruction, improved knowledge with the
harvest and use of the JFF has shown to be a viable
alternative for circumferential PLO repair due to the
benefits stated above.
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Figure 1: Design and tubing of a RAFF for circumferential
pharyngeal defect with completed anastomosis and small
monitoring paddle over end tracheostomy site

Figure 2: 11 cm circumferential pharyngeal defect with design
for divided ALT flap on 2 perforators for esophageal tube and
outer skin defect and inset of FALT with final completed
closure
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Figure 3: 12 cm circumferential pharyngeal defect with
harvested jejunal flap on mesentery and jejunal vessels for
esophageal tube and a monitoring loop on mesentery
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B. BREAST RECONSTRUCTION
Oncoplastic breast reconstruction: Safety and clinical
applications
Dr. Firoz Borle, Dr. Vineet Pilania,
Dr. Dushyant Jaiswal
Introduction
The mainstay of therapy for early breast cancer is breast
conservation treatment (BCT) with whole breast irradiation.
Aims of any modality of surgical treatment for breast
cancer are a tumor-free resection margin as well as
effective local control. Better cosmetic results in breastconservation treatment were spurred on by improved
survival

and higher

patient expectations. This

has

prompted surgeons to develop procedures that are both
oncologically sound and cosmetically pleasing. The aims of
BCT are ablative as well as reconstructive. They include
tumour excision without jeopardizing oncological safety,
resection

bed

irradiation,

and

preservation

and/or

reconstruction of the breast mound for the optimum
aesthetic outcome.
Oncoplastic surgery is defined as “Breast conservation
surgery incorporating an oncologic partial mastectomy with
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ipsilateral defect repair using volume displacement or
volume

replacement

techniques

with

symmetrisation surgery as appropriate.”

contralateral
1

Oncoplastic

concept is based on the ability to perform large oncologic
resections while adhering to and applying the principles of
breast reduction surgery. Oncoplastic surgery involves the
application of different tissue re-organization procedures to
reduce or eliminate a tissue defect. Using the oncoplastic
method of reduction mammoplasty to achieve desired
oncologic and aesthetic objectives while conserving the
natural breast shape might make it simpler to achieve
desired oncologic and cosmetic outcomes.
Surgical approaches to oncoplastic breast surgery could
be•

Volume replacement procedures: These substantially
combine resection with immediate reconstruction of the
defect, with addition of a tissue from outside the breast,
and

•

Volume displacement procedures: These combine
resection with variety of different breast-reduction and
reshaping techniques, according to the location of the
tumor, utilizing the native residual breast tissue to fill the
defect and create a mound.
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The rate of BCS in India varies from 11-34 % compared to
70 % worldwide

.2,3

In India, oncoplastic BCS is still in its

infancy, owing to a scarcity of trained plastic surgeons who
can

collaborate

with

breast

surgeons,

a

lack

of

understanding regarding oncoplastic BCS, and a lack of
insurance coverage.
Indications of the oncoplastic breast surgery

4

•

Anticipated poor outcome with standard BCS

•

Large tumor in large breast

•

An alternative to mastectomy

•

Prevention of lymphedema, fibrosis and chronic pain
that may be associated with irradiation in largebreasted woman.

Potential benefits
•

Improved patient satisfaction

•

Improved quality of life

•

Decreased health care cost compared to full breast
reconstruction

The potential advantages of oncoplastic surgery have not
been validated in robust studies that constitute high levels
of evidence. Hence, there is need to define precise role of
oncoplastic BCS in treatment of early breast cancer.
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Safety issues
•

Tumor resection margins and re-excision rates

•

Local recurrence

•

Conversion to mastectomy

•

Overall survival

•

Disease free survival

•

Complications

•

Delivery of adjuvant therapy

•

Cosmetic outcome.

•

Depression

•

Quality of life.

Tumor resection margin and re-excision rates
Involved resection margins are associated with local
recurrence after BCS. Obtaining clear surgical margins if
paramount importance. Re-excisions potentially delay
adjuvant treatment, increase surgical complications and
may compromise cosmetic outcome. Further operation
increases treatment cost, patient discomfort and stress.
As the volume of breast tissue excised during partial
mastectomy increases, the rate of involved margins
requiring

re-excision

or

conversion

to

mastectomy

decreases. With oncoplastic tumor excision, glandular
resection is increased, histologic margins are wider, the
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need for re-excision is decreased and mastectomies are
fewer.
Papanikolaou et al in their systematic review focused on
oncological outcomes of onocoplastic surgery observed
that adoption of oncoplastic techniques permits obtainment
of tumor free margins in 88.1% cases. Close margins were
found in 11% and postive margins in 9.4% only.

5

Chen et al in a metanalysis comparing oncoplastic BCS
and BCS alone found no difference in postive margin rate
and close margin rate amongst the procedures. The reexcision rate was significantly lower in BCS with
oncoplastic group.

6

Cruz et al found that postive margin rate, re-excision rate
and converision to mastectomy rate are low in oncoplastic
BCS compared with higher rates of positive marigns (1547%) that require re-excision after standard lumpectomy.

7

Rocco et al. reviewed 13 studies and found margin
positivity rate of 6.2% in oncoplastic BCS group compared
to 10.5 % in standard BCS group. The odds ratio for
margin positivity of 0.45% was in favour of oncoplastic
surgery.They also found the odds ratio for margin reexcision of 0.61 in favour of oncoplastic BCS group.

8
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Local recurrence
The oxford overview demonstrates that 75% of local
recurrences occur within 5 years of surgery and confirmed
the observation that for every 4 local recurrences
prevented by adjuvant radiotherapy, 1 breast cancer death
was prevented; this highlights the importance of local
control in terms of patient survival.

9

Chen et al observed that the total relapse rate was similar
between oncoplastic BCS and only BCS group.

6

Rocco et al in a review, that involved a total of 504 patients
who underwent oncoplastic BCS and 723 with standard
BCS, found local recurrence rate of 1.2% in oncplastic
BCS group and 2.2% in standard BCS group. Ther was no
8

significant difference in local recurrence in two groups .
Conversion to mastectomy
Rocco et al did a review of 8 studies, which included total
of 665 patients who underwent oncoplastic BCS and 1220
with standard BCS. Fewer than 10 % of patients in either
group required completion mastectomy.

8

Complications
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With the added complexity inherent in the oncoplastic
techniques and contralateral procedures performed for
symmetry, increased rates of complications would be
expected. The complications include liponecrosis, skin
necrosis, hematoma, seroma, delayed wound healing,
nipple necrosis and infection.
Overall, oncoplastic surgery has been shown to be
associated with a low risk of peri- operative complications.
Most of the reported complications are minor wound
related complications.
Cruz et al in a systematic review observed no statistically
significant difference in
hematomas,

infection,

the

incidence

nipple

necrosis

of

seromas,

and

wound

dehiscence among women undergoing oncoplastic BCS
and non-oncoplastic lumpectomy.

7

Crown et al in a series of 561 patients undergoing BCS
found a lower peri-operative complication rate in those
undergoing oncoplastic BCS compared to traditional BCS
(8% vs 18% (P <0.001).

10

Rocco et al did a review of 14 studies that reported data on
surgical complications. The overall incidence of postoperative complications was 5.7% in oncoplastic BCS
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group compared to 2.5% in standard BCS group. The odds
ratio for surgical complications was 1.35, representing a
non-significant difference in two groups for this outcome.

8

Delivery of adjuvant treatment
Radiotherapy is an essential component of breast
conservation treatment and delaying radiotherapy beyond
8 weeks has a detrimental effect on local recurrence.
Delaying chemotherapy beyond 3 months following
surgery has detrimental outcomes. Current UK guidelines
recommend that adjuvant treatment should be commenced
as soon as clinically possible within 31 days of completion
of surgery.
Concern regarding identification of tumor bed following
parenchymal rearrangement has been raised. But no
studies have reported cases where the tumor bed could
not be identified. Tumor bed marking with clips and
communication between oncoplastic breast surgeon and
radiotherapist are essential.
Campbell et al found no significant difference in median
time to adjuvant therapy amongst oncoplastic BCS, BCS
only and mastectomy group, concluding that oncoplastic
BCS seems safe in terms of adjuvant treatment delivery.

4
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Cosmetic outcomes
Oncoplastic

surgery

can

prevent

deformities

and

unsatisfactory aesthetic effects resulting from BCS. The
definition of good aesthetic outcome and importance
placed on breast cosmesis varies greatly from woman to
woman. The genesis of oncoplastic surgery was the idea
that breast cosmesis is an important outcome for many
women with breast cancer.
Oncoplastic surgery offers better control of tumor margins
and it is as safe as mastectomy in tumors less than 2 cm
and probably safer than BCS in larger tumors.
Systematic review among 25 studies evaluated the
cosmetic outcome of oncoplastic breast conservation
surgery patients (n=1962). Oncoplastic surgery achieved
excellent, good, fair or poor outcomes in 55/2%, 31%,
9.4% and 4.4% of patients respectively. Most studies
reported good cosmetic outcome after oncoplastic surgery
in nearly 90% of patients.

11

The most appropriate time to

assess the cosmetic outcome is at least 2 years post
operatively, due to long term effects of radiation.
In one of the systematic reviews 90.2% of patients had
good cosmetic results. However, most of the studies in the
review provided very limited information regarding whether
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patients had received radiotherapy or not, also the studies
adopted different methods to examine and assess
obtained cosmetic outcomes after oncoplastic surgery.

5

Clough et al undertook a prospective study (n=101) and
evaluated the cosmetic outcomes using independent panel
format and after a follow up period of 2 years, favorable
cosmetic outcome was reported in 82% cases.

12

Conclusion
Oncoplastic BCS is a valuable technique in patients with
breast

cancer.

It

has

benefits

extending

beyond

minimization of poor cosmetic outcomes. It has low
complication rates, low positive margin rate, and low reexcision rate or conversion to mastectomy rate. The
oncoplastic approach can make it easier to obtain desired
oncological and cosmetic outcomes.
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Current evidence for patient satisfaction in autologous
versus implant based whole breast reconstruction
Dr. Aditya Vora, Dr. Vineet Pilania,
Dr. Vinay Kant Shankhdhar
Introduction
The two most common methods of whole breast
reconstruction after mastectomy are autologous or implantbased reconstruction. Both can either be done primarily
along

with

extirpative

surgery

or

secondarily

after

completion of cancer treatment. With increasing breast
cancer incidence and longer survivorship, the patients’
perspective of care is now increasingly important in
outcome discussions and assessment.

1

The aim of any breast reconstruction is ultimately to
2

increase the quality of life of the patient. Therefore, the
most important measure of success and treatment
outcomes is patient satisfaction.
Due to obvious factors, implant-based reconstructions
outnumber autologous reconstructions by a ratio of 10:13
in USA. In India only 48.8% of women were aware of
breast reconstruction. Around 77.5% felt that women would
feel depressed after mastectomy, and 76.5% said they
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would prefer breast reconstruction. Irrespective of age and
financial

status,

most

women

preferred

breast

reconstruction after mastectomy. In India autologous
reconstruction

(79.6%)

reconstruction (20.4%).

was

preferred

to

implant

4

Patient reported outcome measures (PROMS) for
measuring patient satisfaction
Validated PROMs, such as the European organization for
research and treatment of cancer- Q30 (EORTC-Q30),
EORTC-Q23, Patient-Reported Outcomes Measurement
Information System (PROMIS) and Medical Outcomes
Study Short Form-36 (SF-36) have been useful for healthrelated quality of life assessment in breast cancer patients.
Additionally, the validated Breast Cancer Treatment
Outcome Scale (BCTOS) was designed to measure
aesthetic and functional status after breast conserving
therapy, and the validated Hopwood Body Image Scale
(BIS) assesses psychosocial function and has been
implemented for comparison of patient-reported outcomes
between oncoplastic surgery and mastectomy.

5
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About Breast-Q
BREAST-Q is a portfolio of well-validated breast surgeryspecific

PRO

instruments

developed

following

internationally accepted guidelines. The conceptual model
and item list were developed from patient interviews, focus
groups, expert panels and literature review.
Iterative development of BREAST-Q led to separate
modules for each surgery type-Breast conserving surgery,
mastectomy, and breast reconstruction.
Each module has a pre- and postoperative version; and its
subscales assess –
• Psychosocial well-being,
• Physical well-being,
• Sexual well-being,
• Satisfaction with breasts, and
• Satisfaction with care.
As such, the BREAST-Q has become an important
indicator for success of cosmetic and reconstructive breast
surgery.

6
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Why Breast-Q?
Unlike the BREAST-Q, the EORTC-Q30/Q23 and BIS are
validated for use only in breast cancer surgery, not breast
reconstruction; the PROMIS and SF-36 are validated for
general quality of life but not for use in breast cancer or
breast reconstruction patients, and the BCTOS underwent
a less rigorous development and psychometric evaluation,
making it less reliable as a PROM.

5

Comparison between autologous versus implantbased breast reconstruction

7

Advantages of implant-based breast reconstruction
•

The main advantage of implant-based reconstruction is
simplicity.

•

The procedure itself is short, and hospitalization and
recovery time is minimal.

•

In

the

short

term,

the

cost

of

implant-based

reconstruction is lower than that of reconstruction with
autologous tissue,
•

Implants also have the advantage that they can be
changed if it is necessary to make the reconstructed
breast moderately larger or smaller,
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•

Implants can also be used under a latissimus dorsi (or
other) flap to replace the volume of missing breast
tissue while the overlying flap replaces absent breast
skin,

•

Donor site morbidity (in the back or elsewhere) is
minimized, and the size of the reconstructed breast is
not limited by the amount of available tissue

Disadvantages of implant-based breast reconstruction
•

Capsular contracture is very common

•

Breast pain

•

Periprosthetic infection

•

Implant leakage (approximately 1% per year)

•

Implant exposure

Advantages of autologous breast reconstruction
•

Autologous fatty tissue is similar in consistency to
mature breast tissue and makes an ideal substitute
(principle of replacing ‘like with like’)

•

Because autologous tissue is part of the patient’s body,
nerves can grow into it

•

When the patient lies down, autologously reconstructed
breasts fall to the side and they become more ptotic
with time, like natural breasts
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•

Breasts reconstructed with autologous tissue move like
real breasts when the patient runs or walks and appear
more natural in a bathing suit

•

If the patient gains or loses weight, the reconstructed
breast will change along with the natural breast
(although not always at the same rate)

•

When performed properly, autologous tissue breast
reconstruction almost always leads to a better-quality
result than can be achieved using implants

•

After the first year following completion of the
reconstruction, additional surgery is rarely required
unless the patient gains or loses a significant amount of
weight or develops a new malignancy.

•

The long-term costs of autologous tissue reconstruction
will be significantly lower than that of reconstruction
based on tissue expansion and implants.

•

In unilateral autologous tissue reconstruction, there is
the added benefit of improved symmetry to the
contralateral breast compared with unilateral implant
reconstruction

8

Disadvantages of autologous breast reconstruction
•

Autologous tissue reconstruction is more complex,
demands a longer initial hospitalization, and requires a
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longer recovery period than does reconstruction based
on implants
•

The surgical procedures themselves are technically
more difficult, and not every plastic surgeon is familiar
with them

 There is a “learning curve,” and experience as well as
training is required for the surgeon to achieve
consistently good results
•

Because autologous tissue can be obtained only from
the patient herself, there are always some potentially
deleterious changes in the donor site even when the
operation is completely successful. If the donor site is
not repaired properly or if too much tissue is harvested,
significant morbidity can occur

•

Should flap loss occur, salvage is more difficult than is
the case after loss of an implant, which, at least in
theory, can be replaced by a new one.

Patient satisfaction using Breast-Q
Toyserkani
metanalysis

et

al

have

3

in

their

shown

3,8,9,10,11,12,13,14,15

systematic

that

patients

review

and

undergoing

autologous breast reconstruction have higher satisfaction
with the reconstructed breast and overall outcome.
Patients to a smaller extent have better psychosocial and
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sexual well-being but that the physical well-being is similar
between the two reconstruction methods. This review has
certain limitations. All studies were non- randomized and
most were cross-sectional in design. The cross-sectional
study design in most studies also resulted in lack of
sufficient preoperative Breast-Q data and therefore only
the postoperative data were used in the meta-analysis.
Their reported data and conclusions are tabulated as
under.
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Table 1 -Different studies with breast – Q scores and their
comparison
A.satisfaction with breast
AUTOLOGOUS
Study of
Subgroup
Alshammari
2019
Dean 2016
Lagendijk
2018
Liu 2014
Moberg
2018
Pirro 2017
Santosa
2018
Weichman
2015

IMPLANT

Mean

SD

Total

Mean

SD

Total

43.5

29.2

21

39.6

17.3

22

66.9

19.9

69

61.7

20.4

57

71.9

16.4

38

53.8

16.4

72

80.4

13.6

26

64.2

12.6

48

76.1

16.2

18

62.2

15.8

157

69.1

6.2

31

59.3

11.8

34

68.5

18.3

523

64.2

18

1490

73.8

19.8

25

63.7

15.2

108

B. Satisfaction with outcome
AUTOLOGOUS
Study of
Subgroup
Alshammari
2019
Liu 2014
Moberg
2018
Pirro 2017
Weichman
2015

IMPLANT

Mean

SD

Total

Mean

SD

Total

45.4

36.6

21

56

31.3

22

79.2

21.5

26

63.3

22.1

48

79.8

14.9

18

69.6

15.8

157

91.5

10.8

31

75.5

16.6

34

76

27.1

25

73.1

19.1

108
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C. Psychosocial well-being
AUTOLOGOUS
Study of
Subgroup
Dean 2016
Lagendijk
2018
Liu 2014
Moberg
2018

IMPLANT

Mean

SD

Total

Mean

SD

Total

73.5

21.6

69

68.1

23.9

57

72.7

19.1

38

63.5

19.5

72

86.1

17.4

26

75.5

17.1

48

78.3

18.5

18

72.8

18.5

157

D. Sexual well-being
AUTOLOGOUS
Study of
Subgroup

Mean

SD

Dean 2016

57.2

23.3

69

Lagendijk 2018

60.2

19.8

Liu 2014

64.8

Moberg 2018

IMPLANT

Total Mean

SD

Total

52

26.6

57

38

52.6

19.4

72

20.9

26

52.1

18.6

48

52.7

12.8

18

54.1

18.9

157

Pirro 2017

51.7

6.8

31

52.7

18.5

34

Santosa 2018

59.9

19.8

523

53.9

21.3

1490

Weichman 2015 63.8

21.7

25

56.7

21.6

108
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E. Physical well-being
AUTOLOGOUS
Study of
Subgroup

IMPLANT

Mean

SD

Total

Mean

SD

Total

Dean 2016
Lagendijk
2018
Liu 2014
McCarthy
2014

77.3

15.3

69

74

15.8

57

68.1

16.6

38

64.4

17.3

72

79.1

15.6

26

78.7

12.9

48

82.5

15.3

74

76.5

16

141

Moberg 2018

71.5

15.6

18

69.4

15.4

157

Pirro 2017

67.5

9.5

31

75.1

13.4

34

Santosa 2018 75.6

15.4

523

77.3

14.3 1490

17.6

25

78.8

14.7

Weichman
2015

83.6

108
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Follow up (in
years)

Santosa
2018
Weichman
2015

Pirro 2017

Germany

Czech
Republic
United
States
2

2

1-4

31

Abdomin Twoal
Stage
Abdomin
Mixed
1490 523
al
Abdomin Two108 25
al
Stage

34

★

Mixed

★

Mixed

★

18

★

4-11 157

★

Moberg 2018 Norway

★

-

★

★

★

★

★

★

★
★
★
★

-

-

★

★

★
★
★
★

-

-

-

★

★

★
★
★
★

-

★

★

74

?

?

Autologo Twous
Stage
Two?
Stage

?

?

Mixed

★

141

United
States

McCarthy
2014

26

38

69

Mixed

★

2

48

4

China

57

Liu 2014

0.5
72

Australia

Study

Dean 2016

Implant (no)
21

Autologous
(no)

0.5-3 22

Autologous
method

5

Saudi
Arabia

Implant
method

Lagendijk
Netherland
2018

Country

Alshammari
2019

Sexual well
being
Physical well
being of the
chest and
upper body
Psychologic
al well being
Satisfaction
with
outcome
Satisfaction
with breast
★
★
★
★
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Table 2 – Study characteristics and Breast- Q scales
Abdominal: Abdominal flap breast reconstruction, Mixed
(Autologous): Both abdominal and back or thigh flaps,
Mixed (Implant): Both one-stage and two-stage,?: Not
described, ★: Breast-Q scale reported, -: Breast-Q scale
not reported

Page | 101

Conclusion
Patients undergoing autologous breast reconstruction have
a higher satisfaction rate and perceived quality of life
compared to patients undergoing implant-based breast
reconstruction after mastectomy. Several inherent biases
of the included studies however, mean that randomized
controlled trials including patients eligible for both types of
reconstruction are needed to verify and validate the
findings. Similar data in Indian scenario is lacking and
necessary to back this evidence and offer the best possible
reconstructive options to our patients.
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C. BONE & SOFT TISSUE RECONSTRUCTION
Current evidence in vascularised fibular epiphyseal
transfer for growing bone defects
Dr. Vineet Pilania, Dr. Ameya Bindu,
Dr. Mayur Mantri
Introduction
Since time immemorial, the reconstruction of epiphyses in
children has been the subject of intense inquiry. In 1899,
Helfrich transplanted a non-vascularized ulnar epiphysis
1

from a dog. In 1929, Straub performed the first clinical
free epiphyseal transfer on a young man, transferring a
partial tibial physis.

2

However, non-vascularised grafts

resulted in early plate fusion and, as a result, growth
stopped due to a lack of blood supply to the epiphysis.

3

The intact circulatory supply of the fibular epiphysis may be
useful in overcoming this constraint and have continuing
bone growth. As a result, vascularised fibular epiphyseal
transfer (VFET) may be a procedure that can theoretically
preserve epiphyseal growth. The lateral inferior geniculate
artery, anterior tibial artery, and peroneal artery have all
been considered as vascular pedicles for harvesting the
proximal fibular epiphysis.

4-6

(Figure-1) The best approach

of reconstruction is still up for debate due to a scarcity of
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information and long term data on an adequate sample
size for each approach.

Figure 1: Normal anatomy and vascular basis of
vascularised fibular epiphyseal transfer and 2 most
commonly used options for pedicle (Peroneal vessels and
ATA)
Procedure
In microvascular reconstruction of segmental bone defects,
the free fibula is a versatile and commonly used free flap. It
has a good blood supply, biological potential, and callus
formation with unique biomechanical properties. As a
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result, the vascularized fibular graft has been successfully
7

used in oro-maxillofacial (i.e. mandible), upper extremity
(i.e. humerus, radius, and ulna),
femur, tibia, and calcaneus),
(i.e. pelvis and spine).

13

11,12

8-10

lower extremity (i.e.

and trunk reconstruction

It is especially useful and preferred

in cases with scarred and and suboptimal or avascular
recipient sites, or in patients with combined bone and softtissue defects.

14

In children, the preserved epiphysis of the proximal fibula
ensures the exceptional ability to recover both joint
function and longitudinal limb growth at the same time.
Traumatic

bone

defects,

congenital

malformations,

malignant bone lesions, and infection are all current
indications for VFET. The shape and size of the proximal
fibular epiphysis aid in the gradual remodeling of the
articular surface, allowing for better reconstruction and
eventual rehabilitation over time.

15

Furthermore, the

proximal fibula is largely expendable, with less weightbearing function and thus low donor-site morbidity.

4

Harvesting the proximal epiphysis of the fibula, along with
its intact blood supply, is a technically demanding surgery,
and the success of VFET is primarily dependent on
restoring adequate vascularity to the growth plate and
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diaphysis. Experimental study on canines sparked early
ideas

about

epiphyseal

blood

supply.

When

both

epiphyseal and metaphyseal arteries were retained,
Tomita et al observed favorable results.

16

Tsai et al

adopted a bi-pedicled technique in their patients, anastomosing the epiphyseal (lateral inferior genicular artery) and
metaphyseal (anterior tibial artery or posterior tibial–
3

peroneal trunk) arteries. However, the results were poor,
with significant rates of premature growth plate closure and
entire flap loss due to thrombosis. The four anastomoses
(two arteries and two veins) in this two-system blood
supply are technically demanding, requiring more operative
time, a prolonged ischemia time, and theoretically higher
risk of thrombosis.
Following that, Pho et al described their experience using
VFET harvested just from the peroneal artery. They felt
that

intercommunicating

musculo-periosteal

and

perichondrial branches in the peroneal arteries contributed
significantly to the blood supply of the epiphysis.

17.

Despite

the fact that no early growth plate closures were observed,
the results were unsatisfactory, since each case resulted in
limb deviation, and one patient required re-operation for
secondary abnormalities. The major blood supply to the
fibular head was unknown until Taylor et al used cadaveric
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investigations to establish the anterior tibial artery as the
primary and most consistent contributor to the proximal
fibular epiphysis and proximal two-thirds of the diaphysis.

4

Taylor also showed that the peroneal artery mostly
supplies the shaft, with rare and inconsistent supply to the
epiphysis, and that it may be the only artery supplying the
foot in rare cases (2 percent). The anterior tibial artery has
the advantage of being very easy to dissect and having big
4

diameter channels. The vascular pedicle, on the other
hand, is short, reaching only a few centimetres from the
popliteal artery to the fibular head's entrance. To overcome
this problem, Taylor advised adding vein grafts, while
Swaizumi suggested using the anterior tibial artery in
reverse flow to provide a long distal pedicle and avoid the
requirement for a vein graft.

18

With an average growth rate of 0.81 cm/year, flaps
harvested from the anterior tibial artery had much better
results. The growth rate was improved further (0.83
cm/year) when the anterior tibial artery was used in a
reversed-flow way. However, these findings were not
statistically significant (P-50.71). Overall, using the anterior
tibial artery to harvest flaps with fibular epiphysis is a
significant improvement over using the peroneal artery or
bipedicled methods, which showed growth rates of 0.37
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cm/year and 0.36 cm/year, respectively. These findings
back up Taylor's findings that the anterior tibial artery is the
principal contributor to the proximal fibular epiphysis, and
they highlight the relevance of this pedicle in the
longitudinal growth of the inserted flap.

19

When peroneal artery or bi-pedicled flaps were used, the
most common recipient site problem was premature
growth plate closure. The anterior tibial artery showed no
signs of premature closure. This adds to the evidence that
the anterior tibial artery is the epiphysis' primary blood
supply. When compared to the peroneal artery and bipedicled flaps, the anterior tibial artery with reversed flow
had the lowest rate of recipient problems. Peroneal palsy
was documented primarily with anterior tibial artery flaps
as a donor site problem, however in majority of cases, this
issue was reversible. The anterior tibial vascular bundle at
the fibular head is intimately connected to the motor
branch of the peroneal nerve.

20

The success of the anterior

tibial artery-based VFET depends on the preser- vation of
this bundle and its epiphyseal branches. As a result, a
muscle cuff is included in the dissection and linked to the
fibula's head. This makes preserving the peroneal nerve
difficult, and it may be necessary to divide the nerve and
perform neurorrhaphy once the flap is harvested. This is a
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significant flaw in the approach that could result in
permanent peroneal nerve palsy. Ben Amotz et al found a
2.6 percent incidence of persisting peroneal nerve motor
impairment among 337 patients in a recent systematic
review of complications related to proximal fibula harvest.
They

also

observed

a

3.9

percent

incidence

21

of

symptomatic knee instability.
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Conclusion:
VFET for the reconstruction of epiphyseal and joint defects
in children has shown encouraging results in studies so far,
despite insufficient data. Epiphyseal transfers based on the
anterior tibial artery and anastomosed in a reverse-flow
method were shown to have better results and a lower
complication profile at the recipient site. However, VFET's
overall complication rate remains high, and harvesting the
proximal fibula may result in permanent peroneal nerve
paralysis, as per limited available data. A larger sample
size, uniformity in evaluation and data and a longer followup for each approach may throw more light on the issue
and guide reconstructive surgeons to a standardized
evidence based protocol.
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Primary functional procedures in long nerve defects
post extremity tumour resections
Dr. Hetanshu Parekh, Dr. Ameya Bindu,
Dr. Vinay Kant Shankhdhar
Introduction
Malignancies of the extremities arising from the bone or
soft tissue are commonly encountered in clinical practice.
Most common among these is soft tissue sarcomas which
account for nearly 1-2 % of all adult cancers and 7-15% of
all

pediatric

malignancies.

1

Reconstruction

following

extremity tumor excision is quite complex owing to specific
spatial anatomy with tight fascial compartments, paucity of
donor vessels as compared to head and neck region,
margins or disease involving specialized structures like
muscles, bone, nerve, and/or vasculature and need for
rigorous post operative physical therapy and rehabilitation.
Additionally, reconstruction does not only involve wound /
raw area coverage and healing, but also entails recovery of
the lost function.
Excision of these tumors often necessitates sacrificing the
major neurovasculature of the limb which can lead to
debilitating loss of function and form. Vasculature if not
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immediately reconstructed usually leads to loss of limb /
amputation but generally doesn’t lead to long term
problems. The issues with nerve defects are the opposite,
as they can be addressed as per preference but may lead
to drastic loss of function in the long run if not
reconstructed properly. Due to a multitude of reasons,
even after nerve repair, grafting and reconstruction the
functional outcomes are still poor in many cases.
Hence, in selective cases where poor functional result and
recovery is anticipated, primary tendon transfers along with
distal nerve transfers should be considered and performed
to improve results and enhance the quality of life in the
early post-operative period and also long term functional
outcome.
Regeneration of nerve fibers and factors affecting
nerve healing
To achieve full recovery, the nerve must undergo three
main processes:
1. Wallerian degeneration (process of clearing of the distal
nerve

stump

till

motor

end

plate

to

create

a

microenvironment conducive for axonal regrowth and
reinnervation.)
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2. Axonal regeneration (formation of growth cone and
sprouting of axonal fibers)
3. End-organ reinnervation.
Failure of any of these processes can contribute to the
poor functional outcome commonly observed in patients
with complex peripheral nerve injuries.

2, 3

Key elements of neuro regeneration are gap distance, age
of the patient, timing of repair, quality of the intervening
tissue, type of repair- primary or interposition graft by
autologous or other material, technique of repair, site of the
defect in the course of the nerve, type of nerve fibers and
end-organ muscle plate viability.

4,5,6

In addition, adjuvant

radiation therapy also has a deleterious effect on the rate
of regeneration of neuronal fibers.
The nerve regeneration usually proceeds along the neural
tube to reconstitute the axon at a rate between 1 and 4 mm
per day, after an initial latency period of around 30 days
which is needed for Wallerian degeneration.7 Muscle fibres
undergo atrophy as early as 3 weeks after denervation.
The structural architecture of the muscle and the motor
end-plate integrity may be maintained for up to 1 year.
After which irreversible muscle fibrosis along with muscle
degeneration and permanent loss of functional muscle
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tissue occurs. Sensory end-organs such as Paccinian
corpuscles, Meissner corpuscles and Merkel cells can last
up to 2-3 years, so sensory function can still be recovered
even after muscle function is permanently lost. Hence,
nerve coaptation / repair by interposition graft should
always be performed to get a chance of sensory recovery
at critical areas like hand.
Effect of radiation on nerve regeneration and healing
It has been widely postulated as well as reported that post
procedural radiation has a deleterious effect on nerve
regeneration and growth. The total number of axons, nerve
density per square millimeter and myelin generation are
decreased due to radiation but this has not shown to have
8

any decrease in functional recovery for nerves. It remains
to be conclusively answered

whether

postoperative

radiotherapy has a negative effect on nerve graft function,
but the current consensus is to go ahead with nerve
grafting / repair at time of excision even in of there is need
of post-operative adjunctive radiotherapy.

9,10

Immediate / Primary functional procedures
Primary functional procedures are those in which additional
procedures are done at the same time as cancer excision
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which help in early recovery of function. These can be
divided into
1. Distal nerve transfers-part / fascicle of a functional nerve
is transferred to a motor nerve to the muscle whose
nerve supply is hampered near its end plate or into the
fascicles. It is advantageous over direct repair or grafting
of proximal injuries because it shortens the distance for
nerve regeneration to the target muscle and offers a
better chance of re-innervation and functional recovery
2. Tendon transfers- relocation of the insertion of a
functioning muscle-tendon unit (MTU) in order to restore
lost movement and function at another/ target site.
Indications of immediate tendon transfer in following
extremity cancer ablation with nerve injury
The most common indication for tendon or nerve transfer
procedure post extremity sarcoma excision is a peripheral
nerve injury / defect that has no or minimal potential to
improve, for example nerve injuries that are physically
irreparable due to absent or unidentifiable proximal stump.
• Long standing cancer cases where the nerve is involved
in the primary pathology / tumour since many years
• Nerve injuries that do not recover after direct nerve
repair or grafting
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• Failed nerve transfers
• Loss of muscle or tendon following excision/ trauma
• In addition, tendon transfer procedures are often
indicated when peripheral nerve injuries present so late
that muscle reinnervation is impossible due to motor
end- plate fibrosis.
Extrapolating

the

data

and

experience

with

nerve

regeneration following injury to cases with extremity cancer
excision we propose primary or immediate tendon transfer
in the following case scenarios as follows:
1. The excision leads to large segmental nerve defects of >
8cm
2. Excision of nerve in the proximal part of their course
such that the regenerating axonal fibers will be unable to
innervate the end plate receptors on the muscle units
within 18- 24 months following injury.
3. Defects in which the musculotendinous units have been
excised such that there is no functional muscle available
to carry out the necessary function.
4. Defects in which long nerve grafts are required, along
with anticipated post- operative radiotherapy.
5. Defects in patients with compromised healing tendencies
or poor general condition.
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6. Patients with poor prognosis and with shorter life
expectancy so as to improve their immediate postoperative quality of life.
We will now consider various such applicable clinical
scenarios according to the individual nerve affected.
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Radial nerve
Radial nerve is commonly involved and resected in
posterior arm compartment soft tissue sarcomas and bony
malignancies. It leads to loss of sensations over the
dorsoradial aspect of the hand and the dorsal aspect of the
thumb, index, and middle finger, with inability to extend the
wrist, fingers and thumb.
• High radial nerve injury - Injury proximal to the elbow.
Wrist, finger (MCPJ), and thumb extension are lost.
• Low radial nerve injury - injury distal to the elbow. Wrist
extension is preserved, finger and thumb extension are
lost.
Preferred treatment protocol –
1. Repair of segmental radial nerve defect by multiple
autologous cable nerve grafts in all cases at the time of
primary surgery irrespective of the need of postoperative
adjuvant radiotherapy / chemotherapy.
2. Primary triple tendon transfers as follows:
 PT to ECRB (Figure 1)
 PL to EPL [re-routed] (Figure 2)
Flexor tendon to long extensor tendons depending on the
available intact donors
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 FCR / FCU to EDC / EIP (Figure 3)
Or FDS ring finger to EPL, EIP + FDS middle finger to
EDC (2-4) + FCR to APL, EPB
Or Merle d’Aubigne procedure - PT to ECRB + FCU to
EPL, EDC + PL to APL, EPB.

11, 12, 13
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Figure 1-3: Showing common tendon transfers done for
radial nerve deficits
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3. Distal nerve transfers: These are done in selected cases
where tendon transfer cannot be performed or is
contraindicated. The redundant motor branches of the
median nerve in the forearm near the finger and wrist
extensor muscles are used to re- innervate motor branches
to extensor muscles or directly, without the need for nerve
grafts. As the distance required for nerve regeneration is
minimal the re-innervation is much faster and thus has
faster recovery. Nerve transfer of synergistic nerves has
very good functional recovery, with no significant motor reeducation required.

11, 14

FDS branch to nerve to ECRB, FCR/PL branch to PIN.

15
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Median Nerve
Sensibility is lost over the volar aspect of the hand and
radial three and a half digits, and loss of flexor
compartment and thenar muscles leading to problems in
precision movements and prehensile functions.
• High median nerve injury - loss proximal to the
innervation of the forearm muscles. PT and FCR
functions are lost but forearm pronation and wrist flexion
are compensated for by other muscles, and do not need
to be restored.
• Low median nerve injury - loss of thumb opposition with
the paralysis of the two radial lumbrical muscles with
intact long flexors
Preferred treatment protocol –
1. Repair of median nerve defect by mobilization and
primary repair or by autologous cable nerve grafts is
imperative in all cases at the time of primary surgery for
restoration

of

hand

sensations.

Tendon

transfer

procedures to restore movement will be ineffective if
sensibility cannot be restored to the hand. Thus, nerve
repair is an essential first step.
2. Immediate tendon transfer as follows:
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Opponensplasty using one of the available donors (EIP /
ADM / PL / FDS of ring finger or any of the other
extensor muscles).

11, 12

BR to FPL + ECRL to FDP of thumb and index finger for
flexion
Re-innervation of the FPL and FDP is common post
repair in a high median nerve injury. If a return of
function is anticipated, an end-to-side transfer should be
performed. If recovery is not expected, an end-to-end
transfer is preferred as it results in a more direct line of
12

pull.

3. Nerve transfers:
Sensory nerve transfers are done along with or following
tendon transfer procedures to improve outcomes in median
nerve palsy.
a. Nerve to ECRB to AIN
b. Nerve to supinator to Nerve to FDS
c. Nerve to ADM to thenar median nerve branch
d. Ulnar thumb and radial index dorsal digital nerve or 4th
web space digital nerve to ipsilateral palmar digital
nerve.

12, 15
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Ulnar nerve
Sensation is lost on the ulnar border of the palm and
dorsum of hand and in the little finger and ulnar part of ring
finger with motor loss of some long flexors and intrinsic
muscles of hand.
• High ulnar nerve injury – There is loss of the FCU and
FDP of the ring and little finger along with paralysis of
the ulnar innervated intrinsic muscles of the hand.
• Low Ulnar Nerve Injury - Ulnar innervated intrinsics are
paralysed (the hypothenar muscles - ADM, flexor digiti
minimi, and opponens digiti minimi, all interossei,
lumbricals of RF, Lf and adductor pollicis muscle)
Preferred treatment protocol –
1. Direct coaptation by mobilization of the nerve or anterior
transposition of the nerve or use of autologous cable
graft for bridging segmental nerve defect at the time of
primary surgery.
2. Primary tendon transfer as follows:
For Restoration of little and ring finger DIPJ flexion Suturing of FDP to MF FDP
For key pinch restoration - ECRB (Smith) / BR (Boyes) /
FDS / to Adductor Pollicis
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For correction of clawing–Zancolli’s ‘Lasso‘/FDS (Modified
Stiles-Bunnell) / ECRL or ECRB (Brand) / FCR (Riordan)
tendon which is split and inserted into A1/A2 pulley or
lateral band.
3. Nerve transfers:
a. AIN to deep motor branch of the ulnar nerve.

16,17

(Figure 4)
b. Digital Nerve Transfer -Ulnar digital nerve of MF to
ulnar digital nerve RF/LF
c. Lateral cutaneous nerve of forearm to dorsal branch of
the ulnar nerve.

11,16

Figure 4: AIN to deep motor branch of the ulnar nerve.
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Common Peroneal Nerve
Sensations over lateral aspect of leg, foot and first dorsal
web space are lost with inability to dorsiflex the foot and
great toe leading to foot drop along with loss of eversion of
18

the foot.

Preferred treatment protocol –
1. Autologous cable grafts for segmental defects of the
common peroneal nerve at the time of primary surgery
2. Primary Tendon Transfer as follows:
Split TP to TA and EDL / EHL transfer.18, 19, 20,
(Figure 5)
3. Nerve transfers: Some nerve transfers (partial tibial
nerve / nerve to soleus to motor branch of Peroneal
nerve) have been described but in literature their results
have shown to be inconsistent at best, hence nerve
transfer post common peroneal nerve defect are not
recommended.
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Figure 5: Split TP to TA and EDL / EHL transfer
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Post procedural physiotherapy
Like with any tendon transfer procedure, standard
protocols

are

to

be

followed

for

postoperative

immobilisation in a splint, to allow for check dressing if
required, or a cast for 4-6 weeks, followed by dedicated
compliant programme with trained physiotherapy unit for
supervised passive mobilisation along with graded active
movements for retraining of the transferred muscle tendon
unit to the new function. This aspect of the management
holds an equal importance in the overall treatment plan of
the patient to achieve an optimum functional result and
expedited rehabilitation.
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Conclusion
Long nerve defects following tumour extirpation leads to
significantly poor results if not reconstructed or addressed
at the time of primary surgery. Immediate tendon transfers
offer an excellent treatment option to achieve immediate
functional

recovery,

and

a

potential

for

future

reconstruction and faster rehabilitation. Distal nerve
transfer eliminates the major issues associated with poor
clinical results (proximal injuries with long target endorgan

distances,

topographical

delayed

mismatching,

repair,

nerve

repair

sensorimotor
tension,

2

coaptation sites and cellular changes in long grafts that
inhibit nerve regeneration.

21

Thus, primary functional

surgeries are a necessary tool in the armamentarium of the
modern plastic surgeon to achieve superior recovery and
results.
However, it needs careful patient selection, uniform
evaluation and post-operative physiotherapy and protocol
guided management in a larger sample size with long term
follow-up to standardise this novel approach.
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D. LYMPHEDEMA
Management of Lymphedema: Do we really have an
answer?
Dr. Bharat Saxena, Dr. Mayur Mantri,
Dr. Ameya Bindu
Introduction
Lymphedema is a chronic and a progressive condition
which results in accumulation of protein rich fluids in the
interstitium. This leads to amplified inflammatory response
and deposition of fat and fibrous tissue. Lymphedema
begins

with

pain,

discomfort

and

pitting

edema,

progressing to fat deposition and permanent disfigurement.
These patients get repeated attacks of cellulitis and need
long term antibiotics. Increased limb size can interfere with
mobility and affect body image leading to significant
physical and psychological morbidity.

1-3.

These patients

are usually untreated, unaware and misdirected with
respect to the right treating speciality.
Most common cause of lymphedema worldwide and
developing countries is still infective due to Filariasis.
However in developed countries, lymphedema due to post
oncological resection remans the leading cause. Incidence
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of lymphedema depends upon on how extensive the
disease and resection is. The incidence of lymphedema
after breast cancer treatment ranges from 24% to 49%
9,10

after mastectomy 4-8 and 4% to 28% after lumpectomy

.

Even less invasive procedures like sentinel node biopsy is
associated with only a 5% to 7% incidence of upper
6

extremity lymphedema .
Traditionally these patients have been ignored and
misdirected. Only a fraction of these patients end up
receiving standard physiotherapy protocol. Several recent
systematic reviews have highlighted the distinct lack of
evidence for the optimal management of lymphedema

11-13

.

Physiotherapy has been the only effective treatment
modality so far. However, it is cumbersome, time
consuming and a costly affair. There has been a paradigm
shift in management of lymphedema with the advent of
microsurgical

procedures.

Vascularised

lymph

node

transfers and lympho-venous anastomosis have been
added in the armamentarium and plastic surgeons play a
vital role in managing these patients.
Despite advances in microsurgery, there is neither
consensus on surgical or nonsurgical procedures nor a
standardized protocol in the treatment of the patient with
lymphedema.
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Non-surgical management
Treatment of lymphedema includes both non-surgical and
surgical management. Non-surgical management is a prerequisite in all cases.
Goal of non-surgical lymphedema management is:
1. Exercise and Joint mobility
2. Swelling reduction and maintenance
3. Skin care
4. Risk reduction
5. Pain and Psychological management
This involves combination of compression and exercise
with or without lymphatic massage (manual lymphatic
drainage [MLD] or intermittent pneumatic compression
[IPC]).
Manual lymphatic Drainage (MLD)
Aims of MLD are increasing the drainage of the lymph
through the remaining patent lymphatic channels, avoiding
the ineffective and obliterated vessels. MLD is advocated
by most as the primary treatment modality. However,
currently various randomised control trials suggest little
evidence supporting the use of massage alone.

14-17
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Furthermore,

aggressively

performed

MLD

can

be

counterproductive and can lead to increased oedema due
to damage of lymphatic vessels and capillaries.
Combined physical therapy and Compressive therapy
Combined physical therapy (CPT), also known

as

complete or complex decongestive therapy (CDT), is also
an important two-stage treatment protocol.
In phase I, the goals are limb size reduction and
improvement of the skin quality. Proceeding to phase II,
the aim is to consolidate the gains of phase I in an
individualised manner18. There is along standing evidence
on the efficacy of CPT in managing lymphedema. Although
a labour intensive procedure, it is considered a standard of
care

and

outcomes.

compliance

19,20

is

imperative

for

successful

(Figure 1)

Phase 1
1. Skin care
2. MLD
3. Range of motion exercises
4. Multi-layered bandaging.
Multilayer

bandage

conservative therapy.

wrapping

is

the

mainstay

of

21
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Phase 2 –
Maintaining the results of phase I with the use of a lowstretch elastic stocking or sleeve compression.

Figure 1 – Complete Decongestive Therapy including Skin
care, Limb elevation, Bandaging, Manual Lymphatic
Drainage
With CPT, randomized, controlled studies have shown a
mean decrease of between 40% and 60% in edema
volume.21-23 Compressive bandages can act like a
constriction band across the joints if not adequately
padded. This can lead to increased lymphedema in the
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distal limb. Hence a non-individualised bandaging by an
untrained person can be more harmful.
Medications
There is extensive data on the usage of drugs in
lymphedema. Diuretics have been used in the first stage of
lymphedema, however leads to significant fluid and
electrolyte imbalance without any significant benefit in
reducing peripheral edema.

24,25

The only role of antibiotics

in lymphedema is restricted to control cellulitis and
lymphangitis.

Diethylcarbamazine,

albendazole,

or

ivermectin have been used for controlling the active phase
of filariasis only.

21

Intermittent Pneumatic Compression (IPC)
It is an external compression sleeve with multiple air
chambers which create a gradient compression from the
distal limb to the proximal nodal basin. (Figure 2) More
than augmenting lymphatic drainage, IPC reduces the
capillary filtration. IPC

is a controversial treatment

modality, which can harm the superficial lymphatics with
high pressure. Also, contraindicated in patients with renal,
cardiac anomalies and those with lower limb malignancies.
26-33
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Figure 2 – Multi-chamber pneumatic compression devices
Exercise and elevation
Individualised as per patient requirement, gentle exercises,
mobility training and aerobics help to improve lymphatic
drainage through the muscular pump. Has an impact on
the overall psychological and functional well-being of the
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individual.

34-39

Limb elevation above the heart level helps in

improving the edema by increasing the venous drainage.
Diet and weight loss
In an already obese individual, weight loss has been
proven to be essential in controlling lymphedema.40-45
However, just weight reduction cannot cure the pathology.
No dietary modification or fluid restriction has been proven
to be of any use in controlling lymphedema.
Skin care
Skin hygiene and care are vital to the success of virtually
all treatment approaches. Skin is the primary portal of entry
of bacterial and fungal pathogens which lead to repeated
attacks of cellulitis. Each attach of cellulitis (Acute
Dermato-lymphangio-adenitis - ADLA) further worsens
lymphedema and affects the skin quality. Maintaining the
skin barrier is crucial for the long term outcome in progress
of lymphedema. pH neutral soaps with glycerine are
preferrable for cleansing, avoid irritant and allergic
products. Emollients are crucial in creating a lipid layer
over the skin hence preventing water loss and control
microbial entry.

46-48

Surgical Management
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Liposuction
Liposuction is offered as a reduction procedure to patients
with non-pitting edema without skin changes. These
subsets of patients have predominantly fat dominant
lymphedema. Physiological surgeries in these patients do
not achieve significant reduction in limb size as adipose
tissue deposition cannot be reversed.

49-54

Pre-operative MRI will help to quantify and plan the extent
of liposuction. Brosnon
liposuction

and

49

has standardised the technique of

advocates

use

of

power-assisted

liposuction using 3 mm cannula size through multiple entry
points under tourniquet control. (Figure 3) Wojnikow et
al55 advocate use of a tourniquet during the procedure to
minimise blood loss. Customized pressure garments are
designed pre-operatively and are applied on table under
anesthesia. Results are ideally observed at 3-6 months
from surgery and patients need to continue wearing
customised pressure garments.
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Figure 3 – Power assisted liposuction for lower limb
lymphedema 1 year post VLNT

Excisional Procedure
Excisional procedures are reserved for patients with
severe fibrotic changes and limb deformity. These patients
are typically stage 3 (ISL classification) with long term
lymphedema,

non-compliant

to

physiotherapy

and

repeated attacks of cellulitis.
The lymphatic channels in these patients are damaged and
very little can be expected out of physiological surgeries.
Charles excision is the most popular technique among
various reduction surgeries that have been documented.
This involves circumferential excision of the skin and
subcutaneous tissue, leaving behind the deep fascia.

56-59
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The raw area is skin grafted. There is high complication
rate of recurrence, graft loss, non-healing ulcers and
infections which is amplified with larger area. There are
reports of combining Charles excision with vascularised
lymph-node transfer as well with encouraging results a
fewer long term complications. The goal of these surgeries
is to have improved skin hygiene, reduced functional
morbidity, risk of cellulitis and application of pressure
garments. Karri et al
mobility

with

60

reported subjective improvements in

acceptable

cosmetic

complication rates. Salgado et al

61,62

results

and

low

is the only one who

has reported outcomes of volume reduction as a
percentage reduction in Charles excision.
Vascularised lymph node transfer
Vascularised lymph node transfer (VLNT) is a physiological
surgery which improves the lymphatic drainage of the limb.
Local release of vascular endothelial growth factor 3 and
stimulates lymphangiogenesis, hence acting as a sponge
or a wick to absorb the accumulated interstitial lymph. It
absorbs the lymphatic fluid and diverts it into the venous
track.

63,64

particular

Physical therapy can improve the drainage to a
point

only

and

there

after

physiological

procedures can only lead to further improvement and
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stabilization. Ideally described for patients with secondary
lymphedema and hypoplastic congenital lymphedema.

65

Multiple sources of VLNT have been described and
advocated without proven superiority. Commonly used
flaps are groin flap (with or without DIEP), Sub-mental flap,
Supra-clavicular,

lateral

thoracic

and

Omental

flap.

Harvesting these flaps require a good knowledge of the
anatomy and microvascular skill set. (Figure 4-7)
Corinne becker

65

advocates the placement of the adipo-

lymphoid nodal tissue in the previously operated site.
Understanding of axillary anatomy and release of postradiation scar tissue is of utmost importance to avoid
damaging any vital structure. Few others advocate
placement of the tissue in the most distal part of the limb,
so as to take advantage of the gravity assisted pooling of
lymph and the sponge like property of the VLNT.

66-68

Degree of improvement from VLNT depends upon the
stage of the disease, extent of fibrosis and fat deposition,
quality of skin, age of patient and duration of lymphedema.

According to Corinne’s evaluation of 1500 cases, patients
with stage 1 lymphedema observed a reduction of 40 % in
upper limb and 33 % in lower limb volume. Few patients at
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the end of 2 years had complete resolution without the
need of pressure garments. Those with stage 2 or 3
experienced an improvement of 60%, however were still
dependent on compression garments. For better aesthetic
outcome these patients required selective liposuction. In
both cases there was a significant improvement in the
infection rates, pain and discomfort. Earlier the diagnosis,
better was the result. MR lymphangiography is a far
superior imaging modality that lymphoscintography to
document any improvement. It demonstrated reduced
dermal backflow and new lymphatic tracks in 50% of the
patients.

65,69

Patients

with

hypoplastic

congenital

lymphedema diagnosed on MR lymphangiography are
selected

for

VLNT.

Logically,

it

will

stimulate

lymphangiogenesis and improve the drainage.
All patients required post-operative physiotherapy for 3
months and gradually weaned off. Some degree of
improvement is expected in all patients. Even patients with
elephantiasis can be treated with combined approach of
Charles excision and VLNT.

70

This treatment modality is

advocated to reduce infection rates, recurrence and need
for physical therapy.
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Figure 4-Post Mastectomy Lymphedema in Right upper
limb operated for Submental VLNT, implanted over the
wrist

Figure 5-Submental VLNT for Left over limb Lymphedema
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Figure 6-Operated for left upper limb Submental VLNT.
Reduction in Limb Volume difference from 800 ml preDCT to 200 ml Post DCT. 1 year after VLNT the volume
difference is reduced to 30 ml and completely weaned off
Bandaging
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Figure 7 – 2 year post-operative result of Left Lower Limb
lymphedema after Submental VLNT A. Pre-operative B. 2
year Follow-up
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Lymphatico-venous anastomosis
LVA

is

a

microsurgical

technique

which

involves

anastomosis of sub-dermal lymphatics to sub- dermal
venules (0.5–0.8 mm). (Figure 8 and 9) The technique
demands super-microsurgical skills, instrumentation and
higher magnification (30 X). Koshima

71

advocates using 50

micron needle for suturing to prevent vessel injury. The
procedure can be performed under local anaesthesia and
doesn’t require long term admission. There are various
techniques which help to identify and visualise the
lymphatics tracks. ICG dye is injected in the sub-dermal
plane or in the superficial fatty layer. Lymphatics channels
that might be functional are visualised using a handheld
ICG camera. More often we find a track along the medial
and lateral aspect of the limb and in the distal arm and leg.
Under

local

anaesthesia

a

3cm

incision

is

made

perpendicular to the visualised track. Iso-sulfaphan blue is
an excellent dye to visualise lymphatic ducts and injected
adjacent to the planned incision site.
Through the same incision an adjoining venule is identified
and various techniques of anastomosis are described (End
to End, End to Side and Octopus Technique). The octopus
technique

involves

anastomosing

multiple

lymphatic
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vessels into a relatively larger venule. This helps to
overcome the lumen size discrepancy and preventing
venous backflow into the lymphatic tracks.

72,73

Few authors

advocate using a 6-0 prolene to cannulate the lymphatic
vessel for the ease of suturing.
lymphatic

drainage,

both

74,75

Theoretically for better

antegrade

and

retrograde

anastomosis of the lymphatic vessels to the venule is
advised.76 There is a significant variation with the number
of anastomosis performed (range 2-9; average 3) per
patient

and

combined

with

various

supplementary

procedures like DCT or reduction surgeries. In patients
with severe skin fibrosis it is technically challenging to find
a

patent

functional

lymphatics.

However,

deeper

lymphatics are usually patent and can be anastomosed to
77

the venule.

Most studies show an improvement in limb volume and
significant reduction in incidence of cellulitis. Chang has
reported

volume

improvement

of

42%

and

96%

improvement in subjective scoring in his series of 100
consecutive

cases.

78

Various

demonstrates similar results.

other

studies

also

79-82
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Figure 8 – A. Microscopic image of Lympho-venous
anastomosis B. Multiple incisions on the limb.
(Image borrowed from Prof. Wei F Chen)

Figure 9-Microscopic image of Lympho-venous
anastomosis
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LYMPHA
Lymphatic Microsurgical Preventive Healing Approach
(LYMPHA) is a prophylactic surgery in patients undergoing
axillary dissection for carcinoma breast. Approximately
25% (13 to 52%) of the patients with nodal excision and
radiotherapy develop lymphedema and even 6% of
patients post axillary sampling.

83,84

LYMPHA can be offered to patients which are at relatively
higher risk of developing lymphedema. These patients are
those with BMI greater than 30 and transport index >/= 10
on lymphangiography.85 A blue dye (1-2ml) is injected
subdermal or sub-cutaneous on the medial arm and the
nodal tissue draining the arm are identified.

86

After resection of these nodes the lymphatic channels are
buried in a venous branch using a U stitch technique.
(Figure 10) Multiple stitches between the lymphatic
adventitia and the vein wall are used to hold the
anastomosis together.

87

In Francesco’s series of 74 patients undergoing LYMPHA,
persistent lymphedema was seen in 3 cases only (4.05%)
whereas transient lymphedema was noted in 8 cases.
Post-operative lymphoscintigraphy showed patent lymphoPage | 158

venous anastomosis and improved transport index with
faster liver uptake in all patients.

88

Figure 10 – Microscopic image of LyMPHA showing 2
lymphatic ducts invaginated into the tributary of the axillary
vein just distal to the anastomosis.
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Have we really found an answer?
Looking at the current data available, we are still far away
from finding the right answer or protocol in preventing and
treating lymphedema. Although microsurgical procedures
have helped us to move drastically in this direction, there is
still no consensus. Furthermore, the philosophy and
techniques of lymphedema surgery vary in different parts
of the world. Filarial and congenital lymphedema are even
less researched and understood, which prevents us from
generalising treatment principles. Though many studies
report Indian scenario and trends of microsurgical
89

lymphedema management , its widespread application
and awareness are still in infancy.
Looking at the current trends, a sound treatment plan
includes a multi-modality approach, which we also follow at
TMH. One year disease free interval is a must for all
patients. They are started on Complex Decongested
Therapy by a dedicated trained physiotherapist with
emphasis on skin care and multi-layered bandaging.
Patients who present with an active episode of cellulitis are
first treated with a course of antibiotics. Lymphoscintigraphy is performed pre-operatively to diagnose and
have a baseline parameter for comparison.
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Volumetric calculations are used as the primary parameter
of comparison. After counselling and detailed surgical
planning, VLNT with LVA is planned based on the stage of
the disease and the availability of a healthy lymphatic
channels. Intra-operative ICG imaging is used to identify
any patent lymphatic tracks. CDT is continued post
operatively and eventually moved on to a pressure
garment. Post-operative Lymphoscintigraphy is performed
at 6 months and 1 year. Selective Liposuction is planned
for patients 1 year post physiological surgeries for localised
reduction of fatty tissue and better aesthetic outcome.
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SECTION 2: ADVANCES IN TECHNOLOGY IN CANCER
RECONSTRUCTION
Couplers for microvascular anastomosis - Technique
and feasibility in Indian scenario
Dr. Kunal Mokhale, Dr. Vineet Pilania,
Dr. Mayur Mantri
Introduction
Free tissue transfer has become gold standard in
reconstructive surgery worldwide as it restores both the
form and function. Vascular anastomosis is the most
important component of this procedure. Previously, there
was hesitancy for free flaps because of complexity and
failure rates of microvascular anastomosis. But, with time,
the success rate of hand-sewn (HS) anastomosis has
improved and it is now believed to be more than 95%.

1

Even after many technical refine- ments, failures do occur
even in safest hands, and the most common cause is
2

venous throm- bosis. Hence microvascular anastomotic
coupler devices (MACD) came to the existence, which are
proposed to be safer, with better patency rates, faster and
less technically demanding.
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In 1962, Nakayama first developed the venous coupler as
an alternative to hand-sewn sutures. It was made of 2
3

metal rings with 12 interlocking pin and holes. In 1989,
Unilink system provided a better system of coupling
devices for microvascular anastomoses.

4

Basic structure of coupler
3M (Unilink) coupling device is made of a polyethylene ring
with six metal pins and six holes. The pin of one part of
device interlocks with hole of its opposite half.

5

The coupler is intended for use with veins and arteries
having an outside diameter no smaller than 0.8mm and no
larger than 4.3mm and a wall thickness of 0.5mm or less.

c
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Technique
The Unilink system

5,6

consists of

a) Gauges for measuring vessel diameter
b) The anastomotic instrument (ring pin holder)
c) Ring pins
d) Microhooks

b
a

d

a
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b

b

d
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ff
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After preparation of vessel ends, vessel diameter is
measured exactly with the gauge (a). The rings of
appropriate size are mounted in anastomotic instrument
(b). The vessel end is slipped through the rings using
microhook and everted vessel wall is mounted on the pins,
distributing equal tension around the circumference (c).
Care must be taken that the intimal layer is caught by each
pin. The other vessel end is mounted in the same way on
the opposite ring pin. The knob of the instrument handle is
twisted clockwise, whereby the two ring pins are brought
together (d), with the pins from one ring penetrating the
holes on other securing the anastomosis by friction (e). By
completion of the anastomosis, the joined ring pair is
automatically ejected and completely freed from the
instrument (f).
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Comparison

between

conventional

suturing

and

anastomosis using coupler device:
Conventional
suturing
10- 55 minutes
Average time :
8.5minutes

Time 7,8

Learning curve 9
Success rate 9

Anastomosis using
coupler device
5-15 minutes
Average time: 7-9
minutes
25 repetitions for 4 repetitions for
beginners
beginners
98.6%
96.7%

Thrombosis rate 7,8
Cost

*

0.04%

0.01%

Rs. 700 for
Nylon 9-0 suture

Rs.30000for each
coupler *

X

50% more strength

Strength 10,11

*Instruments cost is excluded

Advantages and disadvantages of coupler
Advantages
Reduces anastomosis time (12,13)

Disadvantages

(14)

Injury to vessel wall during
eversion

Potential for twisting or
Lower thrombogenic potential
(intima to intimate contact) (12,13,14) kinking of vessel
No foreign body in vascular
intima which could precipitate
thrombosis (10)

Fixed diameter of
anastomosis prevents
maximum wall relaxation
in fully dilated and small
caliber vessels.

Ease of doing anastomosis. (15,16)
Eversion of vessel edges. (15,16)
Can overcome vessel size
discrepancy up to 3.5:1.(17)
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Contraindications

11

• Pre-existing or suspected peripheral vascular disease
• Clinical infection of the area of reconstruction
• Anticipated infection due to significant contamination of
the area of reconstruc- tion
• Friability of the vascular tissue due to sclerotic
conditions
• Concurrent corticosteroid thera
Other uses
•

For arterial anastomosisCouplers can also be used for arterial anastomosis, but
only in specific situations where artery is pliable and
non-atherosclerotic. It can be possible in children rather
than adults.

•

11

End to side anastomosisIt is possible to have end to side anastomosis too with
the help of coupler. Although it is more tricky and needs
expertise, and not in routine use as of now.

•

Future trendsPossible future development in the coupler devices are
instruments for easier pinning, less bulky rings and
biodegradable materials instead of polyurethane. In one
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animal experimental study, self-made fully absorbable
anastomosis coupler of poly (lactic-co-glycolic) acid and
poly- caprolactone (PCL) created anastomosis easily
and quickly and was associated with a 100% vascular
patency rate.

18-20

It facilitated normal maturation of all

three vessel layers. The PLGA coupler was completely
absorbed by 8 months after surgery.

21

Couplers with

implantable dopplers also are available now with the
name FLOWCOUPLER. This is available with 20 Hz
implanted doppler to check the patency in post
operative period but needs to be removed after 7
days.

22

This is especially useful when monitoring skin

paddle is not available.

Page | 182

Indian scenario
Couplers are quite well accepted in developed world. But
due to high cost, these are not in routine practice till now
except in a few centres. In a recent study by Rajan Arora
et al (2021) in 1694 venous anastomoses, MACD (719) is
found to be an effective alternative for the HS technique
(966) for venous anastomosis. The study also concluded
that there is a significant reduction in anastomosis time,
flap loss, and return to operation theatre due to venous
thrombosis.

23

MACD

reduces

the

surgeon’s

strain,

especially in high-volume centres. Although no study is
available for its cost effectiveness in India till now.
At our center, we have started using venous couplers for
end to end anastomosis on regular basis as per financial
feasibility. Till now, MACD were utilized in 30 patients for
head and neck and breast reconstruction cases with 2
anastomotic failures. Larger sample size and a randomized prospective analysis is necessary to arrive at a
definitive conclusive evidence.
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Conclusion
Although the coupler does appear to have some
advantages over conventional hand-sewn sutures, both
techniques work equally well in the hands of an
experienced surgeon, and the cost versus benefit ratio
must be determined for each individual patient. It is
imperative that young trainees continue to learn and
practice traditional methods of anastomosis.
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ICG fluoroscopy: Role in flap perfusion studies and
beyond
Dr. Vijayendrasingh Gour, Dr. Ameya Bindu,
Dr. Dushyant Jaiswal
Introduction
The success of a reconstructive flap is dependent on
adequate perfusion and drainage of the tissue. Surgeons
diligently analyse skin paddle colour, capillary refill time
and bleeding from the flap edges to assess the blood flow
intraoperatively. From times immemorial, surgeons and
scientists have attempted to develop a method to make
flap necrosis a “never event”; however, this exalted goal
remains elusive. Clinical judgment remains the most
common and gold standard method for assessing flap
perfusion, but it is inadequate in many cases, with
specificities as low as 10 to 30 percent

1,2

and the rate of

flap necrosis with clinical assessment alone reported to be
4%–41%.

3

Even with a “low-threshold” to excise tissue that appears
hypo-perfused

on

examination,

many authors

have

reported necrosis rates as high as 27 percent.2 As a result,
numerous

modalities

to

assess

flap

perfusion

perioperatively have been designed and utilized, including
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indocyanine green angiography, fluorescent angiography,
laser Doppler flowmetry,

4

and hyperspectral imaging,

2
5

being introduced to overcome these limitations.
ICG Fluoroscopy vs other modalities
Although generally an improvement with regard to
predictive accuracy, these devices are operator-dependent
6

and require the purchase of specialized machinery. A step
in the evolution of surgery over the years has been “imageguided

surgery”,

enhancement

aids

wherein,

intra-

identification

of

operative

optical

anatomical

and

functional features and facilitates surgery. One important
technique of such enhancement, the use of which has
increased greatly in recent years, is Indocyanine green
(ICG) with near-infrared fluorescence (NIRF). Near-infrared
7

laser assisted indocyanine green angiography has been
shown

to

be

useful

in

early

diagnostic

perfusion

assessment and necrosis prediction by providing multiple
real-time, dynamic, visualized measurements.

8

• Advantages of ICG Fluoroscopy: Indocyanine green
angiography was introduced to directly visualize flap
perfusion and provide objective measurements aiding in
decision-making. Researchers have suggested that
indocyanine green angiography can decrease rates of
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flap necrosis and subsequent unplanned reoperation
and

that

the

measurements

determined

9,10

using

indocyanine green angiography had the strongest
correlations with flap necrosis, followed closely by
thermal

imaging

and

near-infrared

spectroscopy.

Indocyanine green angiography exhibited excellent
discrimination

of

necrotic

tissues

with

a

greater

sensitivity, specificity, and accuracy than the alternatives
using either absolute value or relative value.
• Shortcomings of other modalities: The long half-life of
fluorescein precluded serial assessment with fluorescein
angiography. The reliability of laser Doppler flowmetry
has been debated because of high inter-site, intersubject,

and

time-dependent

11,12

variability

and

hyperspectral imaging was limited by its complexity and
often small fields of view, precluding assessment of large
areas of tissue.

13

What is ICG and how does it work?
Indocyanine green (ICG) is a fluorescent chemical that
becomes tightly bound to plasma protein once injected
intravenously.

It

is

an

anionic,

water-soluble,

tri-

carbocyanine molecule that does not have any metabolites
and is available as a powder which is reconstituted with
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sterile water. On injecting intravenously, ICG quickly binds
to albumin and remains in the intravascular compartment.
Incident light of 780 nm excites the ICG resulting in photon
emission at 820 nm, thus enabling identification of ICG and
in turn, identification of vascularity. When ICG is activated
by a laser or light-emitting diode, the compound has a
maximum absorption of 805 nm and a minimum emission
of 835 nm. Dye emission is captured by real-time camera
through patients’ skin via a near-infrared detection device.
Water

molecules

and

haemoglobin

do

not

absorb

wavelengths of light above 800 nm and the wavelength is
not scattered by surrounding tissue, making it ideal for
2

visualizing blood vessels and their perfusion zones. ICG is
cleared by the biliary system and has a half-life of 3–4
minutes in healthy adults. This rapid clearance allows for
multiple uses of ICG in a short time.

14

Similarly, lymphatic

channels and draining lymph nodes are highlighted when
ICG is injected. Both these wavelengths lie in the near
infra-red range and thus do not interfere with viewing when
white light is used. While laparoscopic and robotic systems
have an inbuilt mechanism for toggling between NIRF and
white light, special hand-held cameras are available for
open surgery.
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Dosage based on Indication
Indication

Dosage

Intravenous use for
1-2 cc of 2.5mg/ml solution
assessing vascularity
Interstitial use for assessing 2-4 cc of 1.25mg/ml solution
lymphatics and draining
nodes
The dye is contraindicated in patients with iodine
hypersensitivity, despite only a small number of reactions
reported.
Mechanism of Assessment of Flap Perfusion using
ICG Fluoroscopy
In addition to qualitative assessment, the light detection
device can quantitatively assess dye emission using
computer algorithms to calculate different parameters
representing perfusion.

4

Relative perfusion values are based on a reference region
on the ICG image selected by the surgeon that represents
a standard for comparison of other regions. The surgeon
selects an area on the device display screen of good
perfusion to represent 100%. Numbers that appear on the
screen will represent a percentage of the selected region.

4

Absolute perfusion is derived directly from the intensity of
fluorescence, or pixel values of the grayscale, without the
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use of a reference marker. The increasing number of value
indicates higher absolute perfusion and vice versa.

15

Quantification systems are able to automatically calculate
the rates of arterial inflow (ingress), and venous outflow
(egress) during video surveillance. These values are
presented graphically by the system for interpretation by
the surgeon.

16

Despite the number of different qualitative and quantitative
parameters available with ICGA, there is no gold standard
method to measure flap perfusion in reconstruction. We
aim to determine whether there is a consensus on ICGA
utility in assessment and interpretation of flap perfusion
and in decision making in reconstructive surgery and other
procedures.
Role of ICG Fluoroscopy in Reconstructive Surgery
Perforator flaps have gained popularity in reconstructive
surgery and are now a mainstay in the reconstruction of
defects across the entire human body. Nonetheless, the
anatomical variations and small calibre of perforator
vessels make these procedures challenging and can
increase the risk of flap necrosis. Freestyling the skin
paddle designs on the donor site preferences and available
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perforators also needs a criterion to judge the territory of
available

skin.

There

is

a

lot

of

variability

and

unpredictability with regards to the dimensions of the skin
paddle and other tissues that can be supported by the
selected perforator, and it depends on size, perforator
perfusion pressure, number of adjacent perforators and
choke vessels. Traditional teachings indicate inclusion of
territory of one adjacent perforator in the flap, but that
cannot be always

ascertained even

with

a delay

procedure. Partial flap necrosis remains a common
complication, occurring in 20 to 30 percent of pedicled
flaps,

which

may

lead

downstream sequelae.
reported

a

14.1

17,18

to

potentially

devastating

Moreover, a previous study

percent

incidence

of

unexpected

reoperations for perfusion-related complications.

19

Hence,

accurate prediction of flap viability is among the most
critical steps in perforator flap–based reconstruction.
It has proven challenging for reconstructive surgeons to
establish objective criteria for predicting the viability of
perforator flaps. The most widely used assessment
remains clinical judgment, which has been demonstrated
to be inconsistently reliable.
greatest

utility

in

these

20

ICG Fluoroscopy finds its

scenarios

which

can

aid
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intraoperative

decision

making

and

thereby

avoid

postoperative morbidity and secondary procedures.
ICG Fluoroscopy in Mastectomy skin flap and NAC
perfusion
Clinical assessment of mastectomy skin flap and nippleareolar complex (NAC) perfusion can be augmented with
ICGA

to

reduce

complications.

rates

2,4,15,21-27

of

postoperative

ischemic

(Figure 1) Advances in cancer

research have led to an increase in nipple-sparing
mastectomies (NSM). However, NAC necrosis rates are
reported up to 15%.

28

ICGA can help visualize NAC

perfusion to guide intraoperative decisions (Table 2). In
preoperative planning of NSM, ICG imaging can determine
the source of blood and perfusion patterns of the NAC and
guide the surgeon regarding appropriate incisions.

29-31
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Table 1. Publications on Use of
Assessment
Authors Sample Imaging
Size (N) System&
Measurement
Duggal et 368pts SPY Elite
al.21
Qualitative

Gorai et
al.27

181pts PDE
Qualitati
ve and
Quantit
ative

Rinker 26

60pts

SPY Elite
Qualitative

ICGA in Mastectomy Flap
Summary
Mastectomy Skin Flap
Assessment
Application of ICGA led to
a 10.4% reduction in
mastectomy skin necrosis
and an 8.2% reduction in
reoperations
due
to
perfusion-related
complications.
The study reported 160$ in
patient savings when using
ICGA for intraoperative
assessment.
Significantly lower rate of
necrosis reaching the
subcutaneous fat layer in
the ICGA group than that in
the non-ICGA group. The
study found that maximum
luminance cut-off value of
34 was 98.5% specific in
predicting necrosis, and rate
of luminance was more
sensitive in predicting
necrosis.
Intraoperative
ICGA
reduced
rates
of
postoperative mastectomy
necrosis
compared
to
clinical judgment alone.
Also, the study compared
fluorescein dye with ICGA
and found that fluorescein
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Authors

Summary
Sample Imaging
Size (N) System&
Mastectomy Skin Flap
Measurement Assessment
dye had the lowest rates of
complications.
Sood et
91pts SPY Elite
The study retrospectively
al.2
Qualitative
compared complications in
patients pre-SPY and postSPY implementation. Mean
number of repeat visits to
the operating room was
significantly higher in preSPY group. No areas of poor
perfusion were identified by
clinical judgment alone.
51 SPY 2001
Phillips et
Prospective comparison of
breasts Qualitat
al.25
clinical judgment, ICGA,
ive and
and
fluorescein
Quantita
angiography:
Clinical
tive
judgment alone predicted
(Spy-Q)
41% of necrosis. Both
angiography
methods
predicted necrosis in 19 of 21
cases. ICGA had a higher
specificity but predicted
necrosis in 15 of 30 cases
that had no resulting
necrosis.
Absolute
perfusion score was more
reliable because of its
ability to be extrapolated
across patients.
PDE, photodynamic eye; TE, tissue expander.
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Table 2: Published Literature on the use of ICGA in NAC
perfusion assessment
Authors Sample Imaging
Summary
Size (N) System &
NAC Assessment
Measurement

Wapnir
et al.32

39
NACs

SPY Elite
Qualitative

Dua et
al.31

93
NACs

SPY Elite
Qualitative

De Vita
et al.29

38
Quest
patients Spectrum
Qualitative

Relative perfusion scores
were
used
to
assess
perfusion patterns of NAC:
18% of breasts demonstrated
perfusion from underlying
breast tissue pattern, 46%
demonstrated perfusion from
surrounding skin, and 36%
had a combination of
perfusion from underlying
breast tissue and surrounding
skin. Nipples perfused by
surrounding breast skin had
the highest rates of necrosis
post mastectomy.
Larger cohort of previous
study—the study found that
19% of NACs demonstrated
perfusion from underlying
breast tissue pattern, 45%
demonstrated perfusion from
surrounding skin, and 29%
had a combination of
perfusion from underlying
breast
tissue
and
surrounding skin.
The study used ICGA to prove
safety of NAC perfusion over
implant after NSM. ICGA was
used in all patients undergoing

Page | 199

Authors Sample Imaging
Summary
Size (N) System &
NAC Assessment
Measurement

reconstruction and adequate
perfusion was shown in all
patients.
Bertoni et
28
SPY Elite
patients Qualitative
al.33

Wang et
17
SPY Elite
al.16
breasts Quantitative
(Spy-Q)

The study assessed using a
2-stage approach to NSM in
high- risk patients who would
not otherwise be good
candidates for NSM. The first
stage involved separating the
NAC and surrounding skin
from the underlying breast
tissue, second stage of
definitive surgery was 3–6 wk
later. After devascularization,
35.8% nipples converted to a
new perfusion pattern and
they did not observe nipple
loss.
Using ICG-calculated ingress
and egress rates, it was
determined
that
the
infraareolar incision provides
superior blood flow than
supra-areolar incisions. The
study opted for smaller
implants if the NAC egress
rate was ≤2.
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Figure 1: ICGA in assessment of Mastectomy skin flaps
showing good perfusion.
ICGA in Breast Reconstruction
Implant-based Reconstruction
ICGA has applications for use during the placement of a
breast prosthetics (tissue expander or permanent implant)
(Table 3). Its use can determine skin flap and NAC
perfusion after the implant has been placed.

1,16,29,34,32,35

In

implant-based breast reconstructions, ICGA was used
intraoperatively to assess mastectomy flap perfusion after
implant placement. When larger implants were associated
with decreased perfusion of the flap, several authors
decreased the implant volume to restore adequate skin
Page | 201

flap perfusion.34 The tension– perfusion relationship has
been quantified, using ingress and egress rates with
increasing implant volume.

16,35
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Table 3. Publications on the Use of ICGA in Implant-based
Breast Reconstruction
Summary
Implant-based
Measurement Reconstruction
Mirhaidari 126
SPY
This prospective study
et al.1
used absolute perfusion
patients Elite
Quantita
values after placement
tive
of TE to determine
(Spy-Q)
whether expander size,
fill, and
placement
allowed
adequate
perfusion.
Absolute
perfusion values were
interpreted as >30 (well
perfused),
16-30
(adequately perfused),
10–15 (marginal), and
<10 (poorly perfused).
The study found that
ICGA decreased the rate
of
mastectomy
flap
necrosis and infection,
implant loss, and overall
reoperation rate.
Venturi et
20
SPY
Intraoperative ICGA was
patients Elite
al.32
used to assess nipple
Quantita
perfusion before and
tive
after TE or implant
(Spy-Q)
placement.
Relative
perfusion scores were
used to determine poor
perfusion; a perfusion
score <5% was defined
as
ischemic.
No
Clinical
Studies

Sample Imaging
Size (N) System and
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Clinical
Studies

Summary
Implant-based
Measurement Reconstruction
intraoperative
adjustments were made.
ICGA
correctly
predicted postoperative
nipple necrosis.

Sample Imaging
Size (N) System and

20
SPY Elite
Komorows
ka- Timek patients Qualitative
et al.34

Harless et
al.36

296
SPY Elite
patients Qualitative

The study used ICGA
during
implant-based
reconstruction to tailor
initial size and fill of
implant. Intraoperative
ICGA
to
assess
mastectomy skin flap
and autologous flap
perfusion produced a
4% complication rate,
compared with the
15.1% complication rate
of previous breast
reconstructions without
ICG imaging.
This is a retrospective
review
of
breast
reconstruction before
and
after
implementation
of
ICGA with a single
surgeon. Rate of skin
flap
necrosis
decreased by 86%,
overall
complication
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Summary
Implant-based
Measurement Reconstruction
rate decreased from
13.8% to 6.6%, and
single-stage
reconstruction
increased from 12% to
32% after introduction
of ICGA to their
surgical practice.
Jones et
50
SPY
Authors
employed
al.37
patients Elite
ICGA to assess skin
Quantita
flap
perfusion
in
tive
implant-based
(Spy-Q)
reconstruction.
If
adequate
perfusion
was determined by
ICGA, they proceeded
with
single-stage
breast reconstruction.
This technique resulted
in no full- thickness
skin necrosis.
92
HammerSPY
Areas with perfusion
Hansen et patients Elite
<33% were excised or
al.38
Quantita
marked
tive
intraoperatively. They
(Spy-Q)
found no significant
decrease in rates of
necrosis
requiring
conservative treatment
or reoperation.
Clinical
Studies

Sample Imaging
Size (N) System and
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Autologous Breast Reconstruction
Autologous breast reconstruction encompasses complex
procedures that require assessment of multiple blood flow
variables for optimal outcomes. These variables include
perforator selection, flap perfusion, anastomotic patency,
and venous outflow assessment.
The use of ICGA has been successfully applied and
reported

at

each

step

of

microsurgical

breast

reconstruction (Table 4).
• Perforator Selection:
Recently, surgeons have used imaging modalities such as
computed tomography angiography (CTA) or magnetic
resonance angiography to identify the quality and location
of the perforator preoperatively.39 ICGA can provide
additional information about the flow and perfusion area
but cannot demonstrate the course of the vessel as the
technology is limited to 2-dimensional images and 2-cm
depth of visualization.

14,40,41

Authors of several articles

acknowledge that ICGA utility lies within perfusion
assessment

intraoperatively,

preoperatively.

not

perforator

selection

42,43,44
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• Flap Perfusion:
ICG is highly useful in visualizing perfusion of an area of
interest of flaps especially when clinical signs of perfusion
are ambiguous, because of ICGA’s high sensitivity.46
ICGA can reveal each patient’s unique anatomy and lead
to a more individualized approach to reconstruction.

25,52

Several articles state that the Hartrampf perfusion zones
vary from patient to patient and may need to be
redefined.

44,52

Many breast reconstructions where almost

entire pannus of DIEP flap territory is necessary, the
information regarding adequacy of perfusion and venous
outflow of zone 4 can be provided with real time ICGA. It
can help with the decision making about conversion to a
bipedicle DIEP to allow usage of all zones for larger breast
volumes. (Figure 2) ICGA has also been shown to be
reliable in the visualization of flap perfusion despite
previous liposuction, recontouring, and other abdominal
scars. ICGA has also been attributed to decreasing fat
necrosis of the autologous flap postoperatively.
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Table 4. Publications of the Use of ICGA in Autologous

Imaging System
& Measurement

Summary
Autologous
Reconstruction

Authors conducted
a retrospective
review of DIEP
cases and
compared odds
ratios of different
surgical variables.
They found that a
decrease in the odds
of fat necrosis was
seen if ICGA was
used to assess flap
perfusion (OR,0.46;
P=0.04).
The study compared
ICGA and combined
laser Doppler
spectrophotometry
in assessment of
flap perfusion. ICGA
was found to be
useful
intraoperatively
when clinical signs
of perfusion were
unclear because of

Sample Size (N)

Not stated
Qualitative

Clinical Studies

Type of
Reconstruction

Breast Reconstruction

Hembd
et al.45

409
Pts.

Ludolph
et al.46

32
DIEP &
SPY Elite
Pts. ms-TRAM Qualitative

DIEP
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41
Pts.

DIEP,
TRAM,
TMG

IC-View
IC-Clac

Holm et
al.48

50
Pts.

Random Modified
,pedicle, microscope
and free Qualitative
flaps

Summary
Autologous
Reconstruction

Imaging System
& Measurement

Type of
Reconstruction

Sample Size (N)

Clinical Studies

Schroge
ndorfer
et al.47

its high sensitivity of
poorly perfused flap
areas. Combined
laser Doppler
spectrophotometry,
however, was
superior to ICGA in
topographical
mapping of well
perfused areas.
Microscopic ICG
was able to
detect vessel
occlusion after
anastomosis and
led to immediate
revision. No flap
loss occurred.
Authors note that
this relationship
is not necessarily
a causation
relationship.
The study used
ITT to assess
blood flow through
the flap. A transit
time greater than
90 secs signified
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53
Pts.

ms-LDF

Not stated
Qualitative

Khansa
et al.50

442
Pts.

Pedicle
and free
flaps

Not stated
Qualitative

Summary
Autologous
Reconstruction

Imaging System
& Measurement

Type of
Reconstruction

Sample Size (N)

Clinical Studies

Koonce
et al.49

venous delay, and
surgeons would
then revise the
anastomosis.
Angiographic
results were
confirmed 100%
during revisions
and all flaps that
were revised
survived. Flaps
that were not
revised despite
increased blood
transit time
resulted in
necrosis.
The study used a
laterally extended
skin paddle on msLDF and defined 3
perfusions zones. All
zones were
adequately perfused
ICGA was used
intraoperatively to
assess arterial
insufficiency and
venous congestion
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191
Pts.

Summary
Autologous
Reconstruction

Imaging System
& Measurement

Type of
Reconstruction

Sample Size (N)

Clinical Studies

Alstrup
et al.51

based on
“turbulence” of flow
through the
anastomosis. This
method of ICGA
interpretation was
37.5% sensitive of
predicting vascular
compromise and
100% specific. They
then propose a new
systematic algorithm
for assessing flaps
when
complications occur
postoperatively
LDF,
SPY Elite
Authors found no
ms-LDF, Quantitative significant
TRAM
(Spy-Q)
difference in
complication rates,
minor or major,
between patient
groups that
received
intraoperative
ICGA and those
who did not. Within
the ICGA
group,immediately
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25
Pts.

SIEA

Laser
light
source,
digital
video
camera
Qualitat
ive

Summary
Autologous
Reconstruction

Imaging System
& Measurement

Type of
Reconstruction

Sample Size (N)

Clinical Studies

Holm et
al.52

reconstructed
breasts had
significantly less
complications.
In this study, SIEA
flap was originally
intended for all
patients; however,
intraoperative
perfusion
measurements with
ICGA changed the
surgical plan in
44% of patients.
Partial flap necrosis
was seen in 1 case
(4%).

BMI, body mass index; LDF, latissimus dorsi flap; MDCT,
multiple-detector computed tomography; ms, muscle sparing,
OR, odds ratio; PDE, photodynamic eye; TMG, transverse
myocutaneous gracilis flap; TRAM, transverse rectus abdominis
myocutaneous; SIEA, superficial inferior epigastric artery-based
flap.
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Zone IV

Zone IV

Figure 2: ICG Fluoroscopy demonstrating reduced
perfusion in zone IV of DIEP Flap which guided
subsequent excision of the portion of the flap with reduced
perfusion.
ICG Fluoroscopy in Lymphedema management
Breast cancer–related lymphedema is the most common
acquired variety in western population and one of the most
distressing complications following sentinel lymph node
biopsy or axillary lymphadenectomy. It affects more than
20 percent of survivors.
microsurgery,

53,54,55

approaches

With the advancement in

such

as

lympho-venous

anastomosis and vascularized lymph node transfer are
used in lymphedema management. Vascularized groin
lymph node transfer can be beneficial for some patients;
however,

some

studies

report

impaired

donor-site

lymphatic function and iatrogenic lymphedema following
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vascularized groin lymph node transfer.

56,57,58,59

Moreover,

harvest technique of vascularized groin lymph node
transfer and anatomical lymphatic drainage pattern may
have several variations that may impact donor-site
lymphatic function. To minimize the risk of iatrogenic
lymphedema, Dayan et al. proposed reverse lymphatic
mapping, based on physiologic drainage patterns of the
trunk and extremity60. These reverse lymphatic mapping
techniques use radioisotopes to identify the main lymph
nodes draining the extremity; this requires expensive
equipment and access to nuclear medicine facilities.
Logistic and legislative issues limit the use of this
technique to high-volume centres. A modified reverse
lymph node mapping technique in vascularized groin
lymph node transfer uses indocyanine green dye. This is a
simpler procedure with low costs and with results
comparable to radioisotope technique. Many studies
consider ICGA to be superior regarding its simplicity,
improved

efficiency

in

the

perioperative

workflow,

reliability, and reproducibility.
ICG fluoroscopy can also guide intraoperatively about the
perfusion status of the adipo- lymphatic tissue that can be
harvested with adequate perfusion in cases of submental,
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supraclavicular or gastro-omental vascularised lymph node
harvest.
ICG fluoroscopy in minimally invasive Lymphaticovenous anastomosis
Near-infrared ICG is used for identifying the most
appropriate lymphatics that can be used for a minimally
invasive operation. It allows for preoperative diagnosis and
staging

of

lymphedema61,62

(Figure

3),

and

also

identification and mapping of available and functional
lymphatics. A linear lymphatic tract is visualised with ICG
camera and thus small incisions can be planned for LVAs.
(Figure 4)
Advantages of this system are:
(1) It is a simple technique, requiring only subcutaneous or
intradermal injection.
(2) The system enables a minimally invasive operation: the
efficiency of the operation can be improved since the
system

enables

identification

of

the

location

of

superficial lymphatic networks without skin incision.
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Figure 3: ICG technology used in staging Lymphedema.

Figure 4: ICG Lymphography in a case of Lympho-venous
Anastomosis (LVA). LVA performed (red arrowheads) at
the site of incision marked by red line.
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ICG fluoroscopy in Melanoma management and other
cancers
ICG fluoroscopy improves the quality and accuracy of
Sentinel Lymph node biopsy in Melanoma. Several studies
demonstrated a reduced false-negative rate and an
increased surgical precision of the sentinel lymph node
biopsy. Also, ICG imaging has improved identification of
sentinel lymph nodes in skin, gastric, colon, breast,
gynaecologic, and other cancers
ICG Fluoroscopy in harvesting super-thin flaps
The anterolateral thigh flap has been widely used for
variety of reconstructions, but it has been a constant
challenge to harvest a matching tissue to the defect from
the same donor site. This includes harvesting super-thin
anterolateral thigh flap in the obese population with thick
and turgid thighs avoiding the use of a free radial artery
forearm flap (FRAFF) and its related donor morbidity.
Intraoperative ICG fluorescence angiography could predict
the integrity and adequacy of the subcutaneous vascular
plexus and achieve a super-thin anterolateral thigh flap,
which could be applicable safely in selected subgroup of
patients. (Figure 5)
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Figure 5: Intraoperative ICG Fluoroscopy showing
perfusion pattern in a harvested Anterolateral thigh flap.
Reduced perfusion can be seen in the distal portion of the
flap which can subsequently be excised.
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Conclusion
ICG Fluoroscopy can aid in the objective assessment of
flap perfusion for a variety of reconstructive surgical
procedures including both implant- and autologous-based
breast reconstructions, harvesting super-thin flaps and
other procedures like lymphedema management, sentinel
lymph node biopsy in several malignancies etc. It is
advantageous over clinical assessment alone, leading to
decreased morbidity, partial flap necrosis and overall
complication rates. However, the use of this technology
cannot replace clinical judgment but instead serves to
complement and augment it. The future of this technology
would benefit from improved standardization, availability
and continued refinement of the software to provide
accurate values to the perfusion seen on the screen.
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Virtual surgical planning through CAD- CAM
technology for Maxillofacial reconstructions
Dr. Rounak Kalwani, Dr. Vineet Pilania,
Dr. Saumya Mathews
Introduction
The peculiar three-dimensional parabolic form of the jaw is
difficult to construct from a flat, slender and long bone such
1

as the fibula, for segmental mandibular reconstruction. As
a result, there is a convincing argument for computerassisted surgery, based on the perceived benefits of
enhanced aesthetics and a better inter-arch relationship
2

between the maxilla and the mandi- ble. Unlike the
traditional method or free-hand technique, which relies on
eyeballing,

occlusion

computer-aided

and

two-dimensional

reconstruction

utilizes

models,

virtual

three-

dimensional models for simulation surgery, which is
theoretically more capable of transferring the plan from the
virtual to the clinical mode, resulting in seamless,
symmetrical osseous reconstruction.

3

Steps of the planning and execution can be summarized in
phases as follows:

4
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Phase 1- Virtual planning and computer assisted
design (CAD):
Acquisition of thin-slice, HRCT of the maxillofacial skeleton
and of the fibula is performed first and then converted into
three- dimensional images.
A

Web-based

teleconference

is

held

between

a

bioengineer and the ablative- reconstructive team for
planning.
The key parameters are 1) Margins of bony resection
2) Location of fibula placement (in relation with remaining
mandible or maxilla).
These parameters are determined by surgeon and marked
on the 3D reconstruction image. Cutting paths chosen at
margins of the diseased bone. Planned resection segment
is virtually removed and planning of the reconstruction
begins. The 3D fibular image is superimposed on the
mandibular

defect

in

desired

orientation.

Fibular

osteotomies are designed to fit the native segment for ideal
reconstruction thus recreating the shape of the resected
portion of non-diseased mandible and maxilla. (Figure 1
and 2)
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Figure 1: 3D reconstructed CT of mandible with proposed
resection cuts with cutting guides and osteotomised fibula
segments oriented to match the native mandible with
superimposition with software
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Figure 2: Fibula osteotomy segments (length and angles)
planned with osteotomy guides in place
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Phase

2-

Modeling

and

Computer

assisted

manufacturing (CAM):
A stereolithographic model of the anatomical structure of
interest, a template plate or a custom- made reconstruction
plate, and cutting guides are manufactured. (Figure 3) The
entire process, from design to manufacturing, takes a few
days to 1 week but no longer than 3 weeks to avoid
changes in resection margins caused by tumor spread.

5

Figure 3: 3D printed mandible model with pre-bent /
customized plates and osteotomy guides fixed to fibula
model for pre-operative planning
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Phase 3 - Surgical execution
In phase 3, the virtual plan is executed through the
personalized devices fabricated in phase 2.
The lesion is excised based on the resection/ cutting
guides, the fibula is osteotomized based on the osteotomy
guides and fixed to the reconstruction plate in situ, (Figure
4) then transferred to the defect as one construct with the
plate.(Figure-5) Microanastomosis ensues followed by softtissue inset or vice versa. The optimum intraoperative
result is guided by bony contact, normal occlusion, interarch relationship and aesthetic contour of the jawline.
(Figure-6)

Figure 4: Osteotomy of the fibula flap in situ with cutting
guides and stereolithographic models
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Figure 5: Fixation of the fibula segments with customized
recon plate / miniplates with excel- lent contour and bony
contact

Figure 6: Final result showing good aesthetic contour of
the jawline and symmetry
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Although the technology for virtual surgical planning has
evolved a lot and now it has become a routine for
mandibular reconstructions, there are many factors such
volume of associated soft tissue defect, location of
perforators, pedicle length, recipient vessels and planning
for mucosal lining and skin defects cannot be predicted
with accuracy by CAD-CAM. Deek et al4 have succinctly
summarized various parameters for comparison between
CAD Cam planning (VSP) and tradi- tional approach.
(Table 1)
Table 1: Comparison between Traditional and ComputerAided Techniques for the Reconstruc- tion of Segmental
Mandibular Defects with the Fibula Osteoseptocutaneous
Flap
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However, many studies are available across world
promising about its utility. A study Mahendru et al, (2020)

6

from India included 40 patients in which they compared the
application of CAD- CAM technology with regards to total
operative time, post-operative occlusion using angles classification and aesthetic outcome using visual analog
scoring system with conventional technique. They found
out that total operative time was significantly reduced using
CAD-CAM from 662 min to 562 min i.e. by 100 mins (Pvalue<0.0001). The mean aesthetic score in the CAD-CAM
group was 3.64 out of 5 (n=40) as compared to 2.55 out of
5 in the conventional group indicating better aesthetic
outcomes in patients treated using CAD CAM (Pvalue<0.0001). Post-operative malocclusion was noted in
2.5% patients (1 out of 40) in CAD-CAM group as
compared to 15% patients (6 out of 40) in conventional
group

indicating

significantly

reduced

occlusal

disturbances with the use of CAD-CAM in mandibular
reconstruction.
7

A study by Ren W. Et al showed that virtual planning
helps in maintaining preoperative and post- operative
intercondylar

distances,

intergonial

angle

distances,

anteroposterior distances and gonial angles and hence
Page | 238

improves the accuracy of mandible reconstruction thus
improving patients’ overall quality of life.
8

Nicholas SJ et al in 2019 did a meta-analysis of 153
articles to study the role of virtual surgical planning (VSP)
in mandibular reconstruction and included 23 articles
comprising a total of 713 patients in their review. It was
found that VSP was associated with •

Significantly decreased intraoperative time ((P<0.05)

•

Significantly decreased ischaemia time (P=0.002).

•

Reduced orthognathic deviation from an ideal outcome
when compared to conventional techniques.

Limitations of CAD CAM planning
However, there are few limitations of this technique, such
as
1) Added cost to the treatment which is more important
limitation in poor patients and developing countries.
(The increased cost is easily offset by decreased
operative time and improved overall outcomes.9
2) Decreased intraoperative flexibility • If resection plan changes
• Anatomical variations,
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• Multiple defects requiring multiple skin paddles and
extensive soft tissue requirement. Besides these
limitations the advantages of use of this technology
in simpler reconstructions of mandible with a free
fibula involving a single straight segment and/ or
limited skin paddle requirements in early diseases
are also questionable.
CAD-CAM in Maxillary reconstruction
In a study by W.B.Zhang et al, (2015)

10

authors reported

that three-dimensional position of the fibula flap in the
computer-assisted surgery group, including the vertical
distance, horizontal position and extension of the posterior
end was significantly more accurate and nearer to the ideal
position than that in the conventional surgery group.
In another study by Swendseid et al of mandibular
reconstructions with scapular bone flap, (2020)
associated

with

higher

number

of

11

VSP was

successfully

reconstructed subunits, better bony contact between
segments, and a higher percent of segments in anatomical
position (100% vs 71%). When post-operative bone
position after VSP reconstruction was compared to preoperative scans, the difference in anteroposterior, vertical
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and lateral projection compared to the preoperative ‘ideal’
bone position was <1 cm in 82% of measurements.
In recent study by Navarro Ceullar et al, (2021)

12

for

subtotal bilateral maxillectomy reconstruction with free
fibula flap, the position of the bone in anatomical position
was 100% in the VSP group vs 66% in the conventional
group. The bone apposition was 100% in the VSP group vs
83.3%. The change of vertical distance and the horizontal
shift were lower in the VSP group (P<0.05). The ischemia
time and operative time were shorter in the VSP group
(P<0.05). A good aesthetic result was achieved in 83.3% in
the VSP group vs 33.3% in the conventional group. Also,
81 dental implants and 1 zygomatic implant were placed in
total. The success rate was 95% in the VSP group and
92.6% in the conventional group.
To summarize, VSP in maxillary reconstruction–
•

Improves the accuracy of midface reconstruction with a
better anatomical position of the bone,

•

Higher rate of bone contact,

•

Lower change in vertical distance compared with
standard conventional surgery.

•

Significantly

improved

aesthetic

result,

reduced

ischemia time, and operation time.
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CAD CAM for Pediatric Mandibular reconstruction
Despite

its

widespread

reconstruction,

reports

usage
of

in

adult

mandibular

CAD/CAM

assisted

reconstruction of the pediatric mandible are only few.
In a study by Gougoutas et al, (2015)

13

two patients with

hemifacial and bifacial microsomia, of age 5 and 8 years
respectively both with profound mandibular hypoplasia with
severe malocclusion, had undergone CAD/CAM assisted
reconstruction of their mandibles with vascularized fibula
flaps. They suggested CAD/CAM is particularly beneficial
in cases

of

profound mandibular

defects

requiring

extensive, multi-planar, bony reconstructions. Because of
their age, they will undergo further craniofacial growth. The
differential growth may possibly disrupt the proper
maxillomandibular

relationships

and

occlusion

accomplished during these initial operations- a problem
that may require future distraction osteogenesis to correct.
Busser et al, (2021)

14

has reported a double free flap (free

fibula flap with an anterolateral thigh flap) done by using
CAD/CAM for hemimandibulectomy for Ewings sarcoma of
mandible. They were able to optimize the restoration of the
facial contour and function, simultaneously reducing the
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handling trauma of donor tissues, ischaemia and operative
time.
The results

and

long

term

outcomes

of

pediatric

mandibular reconstruction with a free fibula flap using CAD
CAM technology is shown in Figure 7.

Figure 7: Long term clinical outcomes of pediatric
mandibular reconstruction with free fibula flap using CAD
CAM planning
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Conclusion
The use of CAD/CAM technology and 3D printed cutting
guide offers –
•

significantly shorter operative time

•

precise and accurate reconstruction

•

better functional and aesthetic outcomes

in patients who undergo mandibular reconstruction with
free fibula flap.
Based on literature review, available evidence and our
experience, we recommend its use in all multi-segment
fibular flaps for segmental mandibular reconstruction.
Costs for CAD-CAM surgery is covered by gains in

Surgical time,



Quality of reconstruction



Reduced complications
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