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An open fracture with extensive skin and soft tissue loss is considered as a severely
injured lower extremity. Advances in rapid transport, resuscitation, skeletal fixa-
tion, and microsurgical techniques to cover large soft tissue and bone defects have
made possible the salvage of these severely injured limbs. Salvage exercise is skill and
resource intensive and could take a long time frame. The goal of management is to
obtain painless independent weight bearing walking in a time frame and cost that the
patient can afford.

Decisions taken and the quality of care provided on day 1 determine the ultimate
success. Inappropriate decisions and treatment lead to increased morbidity and sec-
ondary amputation. Infection is the commonest complication. Limb salvage scores are
helpful to predict salvage and guide the sequence of treatment. Once the decision is
taken for salvage, debridement, early skeletal fixation, and soft tissue cover are the

= limb salvage scores key to success.

Introduction

An open fracture of the lower extremity with extensive
skin and soft tissue loss is considered to be a severely
injured lower extremity. It may be associated with injury to
neurovascular structures posing an immediate threat to the
survival of the limb.

A century ago, such injuries were life threatening. With the
introduction of antibiotics, blood transfusion, early transport
to higher centers of medical care, lives were saved but limbs
continued to be lost due to infection and the inability to pro-
vide soft tissue cover to the fracture sites. Advances in micro-
surgery and increased collaboration between orthopaedic
and plastic surgeons supported by advances in anesthesia
made salvage of limbs possible. Saving limbs now has become
commonplace, and the challenge is to make the outcomes
acceptable and affordable to the patient. The management
of severely injured lower extremity has thus passed through
the eras of life preservation to limb preservation to functional
restoration to the era of aesthetic acceptance.
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Challenges in Decision Making on Day1

At the time of injury, all patients and their families want
reconstruction of the lower extremity and no one pre-
fers amputation. The patient and the family do not really
know what they are in for when they accept reconstruc-
tion in terms of time frame of treatment and cost and
care.! A severely injured lower extremity with bone and
soft tissue loss might need up to 18 months of treatment
before the patient goes on to independent weight bearing
walking (=Fig. 1). It can economically and socially stress
the family. So, it becomes the responsibility of the primary
care surgeon to help the patient make the right decision by
providing them the needed information and putting facts in
the right perspective.

Experience gained through treating such injuries over
three decades has taught us that the chief determinant of
ultimate outcome depends upon the decisions made and
the quality of care provided to the patient on day 1. If there
is a compromise in the initial care, there is an increase in
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Fig. 1

(A) An open fracture of the leg with soft tissue loss. (B) Radiograph showing the fractures. (C) Extensive contamination of road dust in

between the muscle planes, seen well due to the debridement being done under tourniquet. (D) The leg after debridement, free of contami-
nants, and the fracture ends bereft of periosteum. (E) Initial stabilization with an external fixator and coverage of the exposed bone with free
latissimus dorsi flap (external fixator covered by towel). (F) Nonunion at the fracture site treated with plating and bone grafting. (G, H) The end
result with fully healed wounds with bone union. (1) Patient achieved painless independent weight bearing walking at 18 months since injury.

the morbidity rate and secondary amputation which the
patient and developing economies can ill afford. To help the
decision-making process on salvage of the severely injured
lower extremity, surgeons attempted to devise scores.

Salvage of Severely Injured Lower
Extremity—Value of the Scoring Systems

Surgeons classified disease conditions with a goal of sim-
plifying the decision-making process in evaluating different
options of treatment. Open injuries of the extremities were
no exception. The first major classification which has long
survived is the Gustilo scoring system published in 1976.2 The
paper is a combination of a retrospective study of patients
from 1955 to 1968 (673 patients) and a prospective study
from 1969 to 1973 (352 patients). Based on the findings of
the prospective study group, they classified open fractures
into three categories

Type I: An open fracture with a wound < 1 cm long and
clean

Type II: An open fracture with a laceration > 1 cm long
without extensive soft tissue damage, flaps, or avulsion
Type III: Either an open segmental fracture, an open frac-
ture with extensive soft tissue damage, or a traumatic
amputation. Special categories in Type III were gunshot
injuries, farm injuries, and open fractures requiring vascu-
lar repair.

The same team published another paper in 1984 on the
problems in the management of Type III (severe) open frac-
tures and introduced a new classification of Type IIl open
fractures.® They felt the need to subclassify Type Il because of
varied severity and prognosis and felt that the “current prac-
tice of having Type Ill is too inclusive.” The paper was based
on their experience in the management of 87 fractures in
75 patients during the period 1976 to 1979. The classification
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which is presently widely followed thus came into existence.
The essential features of the classification were as follows

Type IIIA: Adequate soft tissue coverage of a fractured bone
despite extensive soft tissue laceration or flaps, or high
energy trauma irrespective of the size of the wound.

Type IIIB: Extensive soft-tissue injury/loss with perioste-
al stripping and bone exposure. This is usually associated
with massive contamination.

Type IIIC: Open fracture associated with arterial injury
requiring repair.

Wound sepsis in the three subtypes were Type I11A—4%,
[IIB—52%, and 1lIC—42%; while amputation rates were 0, 16,
and 42%, respectively. Five patients in the series died, all as
a result of multisystem trauma. In this article, the emphasis
was mainly on the infection rates and to a certain extent on
the need for soft tissue replacement. There was no special
mention of different types of fractures. Ninety percent of the
patients where soft tissue cover was provided were covered
with skin grafts. That makes us infer that the study group did
not have severe injuries which are now salvaged with flap
cover, which makes it obvious that further refinements are
needed in Grade IIIB. Gustilo used this classification for both
upper and lower limbs.

The other popular score which is used is the Mangled
Extremity Severity Score (MESS) score introduced by Johan-
sen et al in 1990 (=Table 1). MESS score was widely used and
a score of 6 or less was considered compatible with salvage
and a score of 7 or more usually ended up with amputation.
Soon MESS score was found to be too far generalized with the
scores being heavily weighted for vessel injury and ischemia.
With the advent of microsurgery many limbs with vascu-
lar injuries who had high MESS scores could be saved. With
developing experience, it was proved that a score of 7 could
no longer kept as cut-off to decide on amputation.®

Changing Paradigms in Limb Salvage

The study of history of medicine would reveal that innova-
tions and changes in practice force a change in strategy. Man-
agement of severe lower limb injury was no exception. The
introduction of microsurgery, the concept of radical debride-
ment, and the efforts of Godina in promoting the concept and
safety of early soft tissue cover with free flaps was a game
changer.® Closer collaboration between the orthopaedic and
plastic surgical teams and advances in anesthesia and mon-
itoring techniques made long and staged procedures safer,
radically changing the outcomes.

At the same time, social changes were also taking place
bringing in changing perspectives on healthcare delivery
forcing accountability in healthcare decisions. Cost of care,
time away from work, and quality of life assessments were
introduced into practice. While they helped in certain
aspects, it also made decision making more complex in a con-
dition like the salvage of a severely injured lower extremity.
Surgical outcomes had also to compete with the progress
made in the manufacture of prosthetic limbs. Outcomes of
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Table 1 Mangled Extremity Severity Score

Skeletal/Soft tissue group

Low energy Stab wounds, simple closed fractures, | 1
small caliber gunshot wounds

Medium Open or multiple level fracture, dislo- | 2

energy cations, moderate crush injuries

High energy | Shotgun blast (close range) high- 3
velocity gunshot wounds

Massive Logging, rail road, oil rig accidents 4

crush

Shock group

Normoten- Blood pressure stable in field and 0

sive hemody- | operating room

namics

Transiently Blood pressure unstable in field but 1

hypotensive | responsive to intravenous fluids

Prolonged
hypotensive

Systolic blood pressure < 90 mm Hg 2
in field and responsive to intravenous
fluid only in operating room

Ischemia

group

None Pulsatile limb without signs of 0
ischemia

Mild Diminished pulses without signs of 1
ischemia

Moderate No pulse by Doppler, sluggish capillary | 2
refill, paresthesia, diminished motor
activity

Advanced Pulseless, cool, paralyzed, and numb 3
without capillary refill

Age group

<30 years 0

30-50 years 1

>50 years 2

If ischemia time > 6 hours, add 2 points.

limb salvage were being compared with outcomes of early
amputation with fitting of the best available prosthesis.”
Numerous scores were postulated to predict the feasibility/
usefulness of limb salvage (=Table 2).

A Lower Extremity Assessment Project study was under-
taken at eight Level I trauma centers in the United States to
assess the validity of the scores.'>!* The study did not validate
any of the lower extremity severity scores. High specificity of
the scores in all the patient subgroups did confirm that low
scores could be used to predict limb salvage potential. But the
converse was not true. Low sensitivity of the indices failed to
support the validity of the scores as predictors of amputation.

Table 2 Scores to predict usefulness of limb salvage

Hanover Fracture Scale 97 (HFS 97, 1982)8

Predictive Salvage Index (PSI, 1987)°

Limb Salvage Index (LSI, 1991)'°

Nerve Injury, Ischemia, Soft Tissue injury, Skeletal injury,
Age (NISSA, 1994)!"




The problem was in the Type IIIB, which required further
study, where decision to salvage or amputate was crucial.
Either way, wrong decisions had serious consequences. There
was a need for guidance to make the decision to salvage and
also the sequence of what to do.

The Ganga Hospital Open Injury Severity Score (GHOISS)
specifically addressed the challenges in decision making of
Type IIIA and B open tibial fractures.' To help in making the
assessment more accurate, items which would have a bearing
on outcome were provided incremental scores based on the
severity of injury. Four factors were taken into account

. Skin and soft tissues

Bone

. Musculotendinous units

. Comorbid factors which have a bearing on outcome

The first three items were scored from 1 to 5 based on
incremental severity of injury, and for the fourth item, pres-
ence of each comorbid factor which definitely influenced the
outcome was given 2 points (=Table 3). GHOISS is specifical-
ly for open Grade III tibial fractures, where there is difficulty
in decision making. The scoring is done at the end of debride-
ment. A score of 14 and below is compatible with salvage,
while with a score of above 17 primary amputation must
be considered. This score also gives a gray zone of 15 and
16 wherein decision has to be made on a case-by-case basis
based on the patient factors, surgeons’ skills, and the avail-
able infrastructure. The GHOISS has been widely accepted in
orthoplastic units.!

In addition to being useful for making the decision on sal-
vage, the score can also be used as a guide to the sequence of
management, and as to how far one can go on the reconstruc-
tive pathway on day 1.1617

Utility of the Scores and Making the Decision
between Salvage and Amputation

An analysis of the evolution of the scores would reveal that
each of them had tried to fill in the gap that existed in the pre-
vious one. Gustilo open injury score is followed extensively and
for the problem of Grade IIIB open fractures of the leg, where
decision making is crucial, the GHOISS is most applicable and
is widely followed. For patients with injuries of high GHOISS
scores, senior input is a must and in the borderline scores a
serious thought must be given for referral to higher centers.
While the scores tell us the feasibility of salvage, practical-
ity depends most on the skills and the attitude of the surgeon
and the infrastructure he works in. Salvage versus amputation
becomes a complex issue because the outcome is dependent
upon three variables—the patient factors, the injury factors,
and the surgeon factors (=Fig. 2). While we don’t have control
over the patient and the injury factors, the only variable which
makes a significant difference is the skills and the attitude of
the treating team of surgeons and anesthesiologists, particularly
when the scores are higher. At the end of resuscitation or at the
end of debridement the treating surgeons must answer the
question, “Can all the needs of this patient be met from start
to finish?” If the answer is a clear “Yes,” the patient could be
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Table 3 Ganga Hospital Open Injury Severity Score

Covering structures: skin and fascia Score
Wounds without skin loss
Not over the fracture 1
Exposing the fracture 2
Wounds with skin loss
Not over the fracture 3
Over the fracture 4
Circumferential wound with skin loss 5

Skeletal structures: bone and joints

Transverse/oblique fracture/butterfly fragment < | 1
50% circumference

Large butterfly fragment > 50% circumference

Comminution/segmental fractures without bone | 3

loss
Bone loss <4 cm 4
Bone loss >4 cm 5

Functional tissues: musculotendinous (MT) and
nerve units

Partial injury to MT unit 1

Complete but repairable injury to MT units

Irreparable injury to MT units/partial loss of a com-
partment/complete injury to posterior tibial nerve

Loss of one compartment of MT units 4
Loss of two or more compartments/subtotal 5
amputation

Comorbid conditions: add 2 points for each
condition present

1. Injury—debridement interval > 12 hours

2. Sewage or organic contamination/farmyard injuries

3. Age > 65 years

4. Drug-dependent diabetes mellitus/cardiorespira-
tory diseases leading to increased anesthetic risk

5. Poly trauma involving chest or abdomen with ISS
> 25/fat embolism

6. Hypotension with systolic blood pressure <90 mm
Hg at presentation

7. Another major injury to the same limb/compart-
ment syndrome

Abbreviation: ISS , Injury Severity Score.

retained and treated in the center. If the answer is “No,” the
patient must be referred to the center where the salvage might
be possible. Patient transfers after complications have set in
result in increased rates of morbidity, secondary amputation,
and unacceptable increase in the cost of care. Most problems
in the management of severely injured lower extremities
occur due to infection. Infection is related to the quality of
debridement and the timing of soft tissue cover.

Initial Assessment
A person with massively injured upper extremity could also

have associated injuries. All patients must go through the
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Patient
Factors

Surgeon
Factors

Fig. 2 Determinants of outcome in a severe injury.

Advanced Trauma Life Support (ATLS) protocol. Massively
injured extremity is attention seeking, and hence we should
not fall into the trap of falling for the obvious and missing
a potentially life-threatening injury. At Ganga Hospital, we
found that over a 6-month period, 110 patients with severe
lower limb injury required massive resuscitation and intensive
care management. In this group, 71 had multisystem involve-
ment: head injury—31, faciomaxillary injury—19, chest inju-
ry—22, abdominal injury—16, upper extremity injury—17,
spinal injury—7, pelvic injuries—23. During the same period,
520 open fractures of the lower limb were treated.

Once other injuries are ruled out, the first examina-
tion of the injured extremity is assessment of the vascular
status. The dorsalis pedis and posterior tibial artery must be
palpable. If they are not palpable in the injured limb when
they are present in other limbs, it must be presumed that the
patient has got a vascular injury and restoration of circula-
tion becomes the priority.

The resuscitation goals are to keep the duration of hypoxia,
hypotension, and hypothermia as low as possible. Splinting
of femur fractures by application of Thomas splint and appli-
cation of pelvic binders in case of associated pelvic fractures
help in reducing blood loss.

It is best to have assessment done by a combination of
senior plastic and orthopaedic surgeon along with an anes-
thesiologist who will be involved in the care of the particular
patient. To make this happen as per the Ganga Hospital Pro-
tocol, all the massively injured patients are received in the
anteroom of the operation theater. This provides them access
to the anesthesia consultant who are primarily involved in
resuscitation. If there is an actively bleeding wound, the
attention is first directed towards the control of bleeding
even before examining the patient as per the ATLS Protocol.
In such cases, the application of direct compression bandage
is the first response. This is followed by application of tour-
niquet proximal to the wound in cases of severe bleeding
injuries below the knee. An unanesthetized limb can tolerate
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tourniquet for 20 minutes which is adequate time to get addi-
tional help. A quick examination is done for the sensation and
peripheral nerve blockade can be given to reduce pain.

As assessment and resuscitation measures are in prog-
ress, 1.5 g of cefuroxime is given intravenously. Provision
of antibiotic cover as early as possible significantly reduces
the incidence of infection.’®!® In severely injured extremities,
antibiotics are not prophylactic but considered therapeutic.
Antibiotics are usually continued till wound closure.

Barring situations where the limb is extremely crushed
with no chances of reconstruction, decision regarding ampu-
tation and the definitive scoring for salvage is done at the end
of debridement.

The patient should be taken up for debridement as early as
possible. Conventionally, it is said that debridement has to be
done within 6 hours surgery.

The origin of the “6 hour rule” is attributed to Friendrich
(1898) who performed experimental tissue contamination
studies in guinea pig soft tissue wounds, and observed that
the effectiveness of debridement was limited if performed >
6 hours after injury.?® Robson et al took it further, when he
reported that 10° organisms per gram of tissue are needed to
cause clinical infection.?! He said that this infection thresh-
old was reached in an average time of 5.17 hours. Numer-
ous attempts have been made to verify the authenticity of
this idea. No study has been able to prove the significance
of the injury-debridement interval. Due to the lack of con-
clusive evidence, some surgeons have gone on to emphasize
the risk of early surgery in an unprepared patient by an inex-
perienced team or compromised infrastructure can do more
harm to the patient. The British Orthopaedic Association/
British Association of Plastic Reconstructive and Aesthetic
Surgeons guideline on the management of open fractures
suggests that debridement be performed within 24 hours
of injury on scheduled trauma lists, combining plastic and
orthopaedic involvement where possible.?

While it is agreed that early surgery under compromised
conditions is not good, it must not lead one to be complacent
in taking up these patients for early debridement. Based on
personal experiences of managing around 900 to 1000 open
fractures of the lower limb at Ganga Hospital, we found that
patient must be taken up for debridement as early as pos-
sible for the following reasons. First, in massively injured
lower extremities, significant amount of blood loss may
occur from large raw areas that may need blood transfu-
sion. Hypotension and more blood transfusion are associated
with increased incidence of complications. Second, severely
injured patient do have pain, and taking them up for early
surgery and stabilizing the fractures greatly helps to reduce
pain related complications.

Debridement

Debridement is the key to success. The goal of debridement is
to have a wound free of contaminants and ensure that all the
tissues left in the wound are viable. Debridement has to be
done under good anesthesia and tourniquet, with adequate
lighting and magnification by experienced surgeons. It is



good to have both the plastic and the orthopaedic surgeons
together at the time of assessment and debridement.
Presence of the orthopaedic surgeon would help in assessing
bone of questionable viability, and in the choice of fracture
fixation and placement of external fixators which facilitate
the provision of soft tissue cover procedures. Involvement of
the plastic surgeon gives confidence to radically debride the
wound, the extent of excision of degloved skin, be aware of
the tissues lost and tissues available for future reconstruction,
the integrity of the vessels on which flaps could be based or
the choice of recipient vessels be made for the free flap.

Tourniquet helps in better visualization of contaminants
in between the tissue planes and helps make the discretion
between viable and nonviable tissues. If the debridement is
done without tourniquet, the bleeding that occurs on the exci-
sion of the skin margins covers the raw area and could masquer-
ade the contaminants. Further when large areas are debrided
without tourniquet, it will result in considerable loss of blood.

Skin margins are freshened by a sharp blade, and subcu-
taneous tissues are excised to reach bright yellow normal
looking fat. Good muscles under tourniquet look pale and
homogenous while nonviable muscles are heterogenous, and
have small blood clots in them. Free bone fragments without
any soft tissue cover are removed. Such cortical bone does
not survive as bone grafts. Fractured bone ends are freshened
with a Rongour if they are contaminated. Short segments of
bone at fracture site bereft of periosteum can be expected to
survive if they are covered by well-vascularized soft tissue
cover before they dry up. Collagen sheets can be applied to
keep the bone ends moist for ~48 to 72 hours?.

Irrigation of the wound and the fluid for irrigation have
been the subject of many studies. If the wound is grossly
contaminated, we give a gentle wash with running water. No
effort is made to use pressure irrigation as the primary step.
This will drive contaminants into deeper planes. Low pres-
sure irrigation is done at the end of surgical debridement.
Presence of antibiotics in the irrigating fluids does not reduce
the infection rates. It has been found that plain clean water is
as good as any fluid.?* The thrust is on surgical debridement
and flow of fluid than on the content or the pressure.?

Though the word “radical” is used to describe the quality
of debridement, it is not en bloc excision of tissue as done
during cancer clearance. Longitudinal structures like nerves
and tendons in continuity and blood vessels must be pre-
served. Often, they are contaminated. A tissue plane exists
over the neurovascular structures and excision of the tissues
must be done in that plane preserving the integrity of the
nerves and vessels. If this process is not done adequately,
the inflammation and tissue edema that secondarily set in
around the neurovascular structures cause fibrosis and make
the vessels unavailable as recipient vessels for free flap cover.

When debridement is complete, the tourniquet is let down
and the viability of skin margins is assessed by the presence
of subdermal bleeding. The viability of muscles is assessed
by its color and contractility. If there is doubt or nonviable
structures exist, the tourniquet is inflated and debridement
is done again. This is repeated until one is satisfied that all
the tissues left are viable and free from contamination.
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An essential part of patient care in the management of
severely injured lower extremity is proper recording of the
operative procedure. The extent of skin loss, the muscles
and the tendons damaged, the tendons retained, the status
of the nerves must be recorded in the operation notes. If
there is a segmental loss of tendon, the proximal end must
be anchored under stretch to the nearby soft tissues and the
fact recorded in the notes. Similarly, the site of proximal and
distal ends of the injured nerves are documented. This will
help during secondary reconstruction by ease of access.

At the end of debridement, the team should decide if the
skeletal fixation would need revision and in case the defin-
itive fixation, the provisional timing and type of soft tissue
cover must be made by the plastic surgeon. Early soft tissue
cover is important and if future access is needed for second-
ary reconstruction, skin flaps are preferred. The type of flap
used does not have a bearing on the rate of infection. Infec-
tion rate is related to the quality of debridement and the tim-
ing of soft tissue cover. The future plan must be made known
to everyone in the team including the anesthesiologists.
Communication is the key to success wherever teamwork is
involved and senior team members should set the example
for the entire team to follow. This would result in consistently
obtaining good outcomes in major open fractures.

Conclusion

The goal of management of a severely injured lower extremi-
ty is to achieve painless, independent weight bearing walking
in a time frame and cost that the patient can afford. This must
be achieved without undue morbidity to the patient. The first
surgeon who sees the patient holds the key to success. He
must use the available limb salvage predicting scores, relate
the available skills to the demands of the patient's injury, and
decide on salvage versus amputation. Infection is the single
most important complication which increases morbidity and
cost of care. Debridement and provision of early soft tissue
cover are crucial to prevent infection. Correct decisions and
appropriate care provided on day 1 are the first steps which
ensure success.
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