




        

      

                    
                 

                     
                   

                       
                     

                  
  

                 
                  

                
                  

     
                   

               
                  

           

                
                

     

       
                   

    

              

            

          

  

Editorial 

Common sense and a pinch of salt 

For some years, the old-generation doctors (like me) were a little in awe of the newer technology coming to the help 
of doctors in making diagnosis. Ultrasonography made a huge difference in how doctors could diagnose the disease. 
Then C.T scan and MRI were utilized as a diagnostic tool. They were used sparingly as they were costly and not 
freely available in the public sector. Now we have PET scan and CT scan guided procedures adding to our 
armamentarium. 

As long as these were used in a rationale and indicated way, they were the respected tools. But today, there is a new 
generation of rich who come in demanding tests that their friends have got done and they want those too. There are 
doctors who resist but others oblige as they also benefit by referring such patients. Everyone seems to be bitten by 
the consumption bug.1 

There seems to be a new buzz-word in the medical sector. Corporate hospitals in collaboration with pharmaceutical 
companies hold huge conferences where doctors are flown in to speak on the benefits of (what else!) the drugs / 
devices that these companies are selling. Earlier, the pharmaceutical companies were thwarted in their promotions by 
doctors citing 'Evidence Based Medicine' (EBM). But now, they have also realized that EBM is the new Unique 
Selling Point (USP) for doctors.  So now the drug companies are funding and controlling most of the research and 
churning out research papers which then form the basis for 'guidelines' and EBM. The circle is complete. 'Corruption 
in clinical research is sponsored by billion dollar marketing razzmatazz and promotion passed off as postgraduate 
education. How many people care that the research pond is polluted' with fraud sham diagnosis, short term data, 
questionnaire that cannot be validated and statistically significant but clinically irrelevant outcomes?2 

We live in a healthcare environment characterized by corporate dominance, media hype and an army of mainly 
powerless but compliant practitioner all of which leads to universal over-consumption and a growing sense of corruption 
at all levels of medical practice.3 

So what are the average doctors to do - primary health care is what the public needs. And that can be provided by 
keeping a sense of balance by exercising common sense and taking all the new jargon to us by medical representatives 
with a pinch of salt. 
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Original Article 

Hyperbaric oxygen therapy: a medical treatment at cellular level 

Manpreet Singh, Dheeraj Kapoor, Lakesh Anand 

Department of Anesthesiology and Intensive Care, 
Government Medical College and Hospital, Sector 32, Chandigarh, India 

Hyperbaric oxygen therapy (HBO) is use of oxygen at 
high pressure, for treatment of various medical conditions. 
Exposure of patients to hyperbaric pressures for various 
therapeutic purposes had been introduced in medical 
practice for many decades. The physiological basis of 
hyperbaric oxygen has been studied in detail at a cellular 
level from 1960’s onwards for various indications.Among 
these were treatment of necrotizing infections and 
anaesthesia under hyperbaric conditions.1 HBO has been 
recommended and used in a wide variety of conditions, 
often without adequate scientific validation of efficacy 
or safety. 

HISTORY AND CURRENT STATUS 

Hyperbaric Oxygen facilities form an important part of 
various hospitals all over the world. China leads with 2600 
hyperbaric centers, Russia: 2000, Japan: 400, approx 200 
in the UK, 400 all over Europe and approx 800 in the 
US. In Asia: Malaysia 5 centers, Middle East: 10, 1 in Sri 
Lanka and 1 emerging in Bangladesh. 2 In 1999, there 
were 500 hyperbaric facilities in USA and in 2004 there 
were 800 centers with an annual increase in the number 
of hyperbaric centers.3 

The first well-known chamber was built and run by 
a British clergyman named Henshaw. He built a structure 
called the domicilium that was used to treat a multitude 
of diseases.4 The chamber was pressurized with air or 
unpressurized using bellows. The idea of treating patients 
under increased pressure was continued by the French 
surgeon Fontaine, who built a pressurized, mobile 
operating room in 1879.5 Dr. Orville Cunningham,  a 
professor of anesthesia, ran what was known as the “Steel 
Ball Hospital.” The structure, erected in 1928, and was 
6 stories high with 64 feet in diameter. The hospital could 
reach 3 atmospheres of pressure.6 The hospital was 
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Department of Anesthesiology and Intensive Care, 
Government Medical College and Hospital, 
Sector 32, Chandigarh, India 
Email- manpreetdawar@hotmail.com 
Ph.: 09646121503 

closed in 1930 because of the lack of scientific evidence 
indicating that such treatment alleviated disease. It was 
deconstructed during World War II for scrap. 

Indications for HBO 

Following are the indications for which HBO is used: 

Emergency Conditions 

• Air or Gas embolism (in divers, but can also occur 
during bypass surgery) 

• Bends in divers (Decompression sickness) 

• Burns (thermal burns) 

• Carbon monoxide poisoning (Insurance usually stops 
paying before all brain injury has fully improved) 

• Cyanide Poisoning 

• Cerebral edema 

• Closed head injuries (traumatic brain injury) 

• Crisis of sickle cell anemia 

• Exceptional Blood LossAnemia 

• Blast injury 

• Gas gangrene 

• Hydrogen sulfide poisoning 

• Near-drowning 

• Near-electrocution 

• Near-hanging 

• Peyote poisoning 

• Severed limbs 

• Smoke inhalation 

• IIeus 

• Stroke 

Specific Neurologic Conditions 

• Autism 

• Air embolism 

• Decompression induced (divers) 

• Iatrogenic (bypass surgery, injected, etc.) 

1 Journal of Medical College Chandigarh, 2013, Vol. 3, No.3 

mailto:manpreetdawar@hotmail.com
http://www.pdffactory.com


        

       
     

 
 

 

  

  

 

    

   

  

  

  

    

    

  

   

      
 

 

 

 

     

  

 

    

  

  

 

  

 

 

 

   

  

  

 

    

   

   

   

   

 

   

 

     

  

 

  

 

  

 

  

  

    

     
  

   

   

 

    

  

 

    

 

 

  

  

Manpreet Singh et al : Hyperbaric oxygen therapy: 
a medical treatment at cellular level 

• Cerebral edema 
o Toxic encephalopathy 
o Vascular compromise 
o Traumatic 

• Cerebral Palsy (CP) 

• Spinal cord contusion 

• Physiological transection 

• Partial motor or sensory loss 

• Early organic brain syndrome 

• Small vessel disease 

• Multiple small infarcts 

• Fetal alcohol syndrome 

• Stroke (acute and chronic residuals) 

• Vegetative coma (acute and prolonged) 

• Closed head injury 

• Hypoxic encephalopathy (suffocation, drowning, 
strangulation, 

• Cardiac arrest, near hanging, near choking, lightening 
strikes, etc.) 

Multiple sclerosis 

• Acute 

• Relapsing/ remitting 

• Chronic progressive 

• Brain Dysfunction following Bypass Surgery and 
Angioplasty 

• Cranial nerve syndromes 

• Trigeminal neuralgia 

• Vestibular disorders (vertigo, tinnitus, Meniere’s 
syndrome) 

• Brain stem Syndromes 

• Retinal artery occlusion 

• Acoustic trauma 

• Peripheral neuropathy 

• Charcot Marie’s tooth disease 

• Radiation myelitis 

• Sudden deafness 

Orthopedic Conditions 

• Crush injuries (vascular compromise) 

• Soft tissue swelling 

• Traumatic 

• Cellulitis (infection/mixed flora) 

• Compartment syndrome 

• Acute necrotizing fasciitis (so-called “flesh-eating 
bacteria”) 

• Necrotizing soft tissue infections 

• Clostridial myonecrosis (gas gangrene) 

• Severed limbs and digits 

• Acute and chronic osteomyelitis 

• Bone grafting 

• Fracture healing and nonunion 

• Aseptic necrosis 

• Tendon and ligament injuries, post-surgical repair 

• Delayed wound healing 

• Stump infections 

• Edema under cast 

• Sports injuries 

MISCELLANEOUS CONDITIONS 

• Peripheral vascular ulcer 

• Arterial (atherosclerosis) 

• Decubitus (bed sores) 

• Neuropathy related (diabetes) 

• Venous (deep vein thrombosis complication) 

• Diabetic 

• Gangrene (wet and dry, atherosclerosis, more 
common in diabetes) 

• Compromised Skin Flaps ,Grafts 

• Autism 

• Abscesses (intra-abdominal and intracranial) 

• Buerger’s disease 

• Biliary atresia (after surgical correction) 

• Carbon tetrachloride poisoning 

• Fibromyalgia 

• Frostbite 

• Diabetic retinopathy 

• Glaucoma with visual field loss 

• Diabetic ulcers 

• Gulf War Syndrome 

• Retinal artery occlusion 

• Retinal vein thrombosis 

Journal of Medical College Chandigarh, 2013, Vol. 3, No.3 2 
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• Lepromatous leprosy 

• Lyme disease 

• Melaney ulcer (flesh-eating bacteria) 

• Meningitis 

Migraine 

• Osteoradionecrosis (post radiation damage) 

• Pancreatitis 

• Pneumatosis cystoides intestinalis 

• Pseudomembranous colitis 

• Plastic surgery (speed healing, reduce scar and 
infection) 

• Rheumatoid arthritis (acute) 

• Brown Recluse Spider Bite 

• Scleroderma 

• Sickle cell crisis and hematuria 

• Plastic Surgery, speeds healing with less scar 

• Myocardial infarction 

• Potentiate antibiotic therapy 

• Post-cardiotomy and low output heart failure 

• Radiation cystitis and enteritis 

• Refractory mycoses (fungal infections) 

• Suturing of Severed Limbs 

• Chronic Fatigue Syndrome 

• Post-polio syndrome 

• Cirrhosis 

• Immune System Enhancement 

• Crohn’s disease 

• Ulcerative colitis 

• ALS 

• Parkinson’s Syndrome 

MECHANISMS OF ACTION OF HBOT 

• Increased circulating of stem cells, 

• Promotion of DNA transcription and DNA signaling, 

• Increased messenger RNA, 

• Increased expression of hormones and other proteins 

• Increased anti-inflammatory hormones, 

• Increased growth & repair genes and hormones, 

• Up regulation of hormone receptors, 

• down regulated inflammation, 

• decreased cell death (apoptosis), 

• angiogenesis (in growth of new blood vessels), 

• epithelialization, increased epithelial formation of cells, 

• enhanced bacterial killing by white blood cells, 

• inhibition of bacterial toxin production, 

• Increased healing, 

• fibroblast proliferation, 

• increased bone density, 

• increased bone fracture healing, 

• increased oxygen concentration in hypoxic or 
ischemic tissue. 

Techniques of administration of hyperbaric oxygen 
–Oxygen chambers 

When a patient is given 100% oxygen under pressure, 
hemoglobin is saturated, but the blood can be 
hyperoxygenated by dissolving oxygen within the plasma. 
The patient can be administered systemic oxygen via 2 
basic chambers: 

Type A, Multiplace 

Type B, Monoplace 

Both types can be used for routine wound care, treatment 
of most dive injuries, and treatment of patients who are 
ventilated or in critical care. 

Type A: Multiplace chamber 

Multiplace chambers treat multiple patients at the same 
time, generally with a nurse or another inside observer 
who monitors the patients and assists with equipment 
manipulation or emergencies. Patients in a multiplace 
chamber breathe 100% oxygen via a mask or close-fitting 
plastic hood. Multiplace chambers can usually be 
pressurized to the equivalent of about 6 atmospheres of 
pressure. 

If a different mixture of gas (nitrogen or helium 
mixture) is desired, the mixture can be given, via the mask, 
to only the patient, not the employee. All equipment used 
with patients, such as ventilators and intravenous lines, is 
put into the chamber with the patient. Since the employee 
is breathing air during the treatment (not using a mask), 
his or her nitrogen intake must be monitored, as this 
presents a risk for problems similar to those sometimes 
developed by scuba divers. 
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Type B: Monoplace chamber (Figure 1) 

Fig 1. Hyperbaric Oxygen Therapy chamber 

A monoplace chamber compresses one person at a time, 
usually in a reclining position. The gas used to pressurize 
the vessel is usually 100% oxygen. Some chambers have 
masks available to provide an alternate breathing gas (such 
as air). Employees tend to the patient from outside of the 
chamber and equipment remains outside the chamber; 
only certain intravenous lines and ventilation ducts 
penetrate through the hull. 

Newer Duoplace chambers can hold 2 people; their 
operation is similar to that of a monoplace chamber. 

Topical oxygen is administered through a small 
chamber that is placed over an extremity and pressurized 
with oxygen. The patient does not breathe the oxygen, 
nor is the remainder of the body pressurized. Therefore, 
the patient cannot benefit from most of the positive effects 
of HBOT, which are systemic or occur at a level deeper 
than topical oxygen can penetrate. Topical oxygen is 
based on the concept that oxygen diffuses through tissue 
at a depth of 30-50 microns.8 This method does not treat 
DCS, arterial gas emboli (AGE), or carbon monoxide 
(CO) poisoning. 

Another problem with Topical oxygen is the design 
of the unit. A pressure differential must be created 
between the machine and open atmosphere to compress 
the machine. In order to keep the extremity from 
being pushed out of the pressurized machine, the 
cuff of the box must fit very tightly around the 
extremity, thereby creating a tourniquet like effect. Topical 
oxygen is not covered by insurance, nor is it endorsed by 
the journal Diabetes Care for the treatment of foot 
ulcers.9 

The other type of chamber is the portable “mild” 
hyperbaric chamber. These soft vessels can be 
pressurized to 1.5-1.7 atmospheres absolute (ATA). They 
are only approved by the FDA for the treatment of altitude 
illness. The number of these chambers has increased, as 
they are being used more commonly in off-label 
indications. 

Physics of Hyperbaric Medicine 

The physics behind hyperbaric oxygen therapy (HBOT) 
lies within the ideal gas laws. 

• Boyle’s law (p
1
 v

1
 = p

2
 v

2
) is seen in many aspects 

of HBOT. This can be useful with embolic 
phenomena such as decompression sickness (DCS) 
or arterial gas emboli (AGE). As the pressure is 
increased, the volume of the concerning bubble 
decreases. This also becomes important with chamber 
decompression; if a patient holds her breath, the 
volume of the gas trapped in the lungs overexpands 
and causes a pneumothorax. 

• Charles’ law ([p  v ]/T  = [p  v ]/T ) explains the 
1 1 1 2 2 2 

temperature increase when the vessel is pressurized 
and the decrease in temperature with 
depressurization. This is important to remember when 
treating children or patients who are very sick or are 
intubated. 

• Henry’s law states that the amount of gas dissolved 
in a liquid is equal to the partial pressure of the gas 
exerted on the surface of the liquid. By increasing 
the atmospheric pressure in the chamber, more 
oxygen can be dissolved into the plasma than would 
be seen at surface pressure. 

The clinician must be able to calculate how much 
oxygen a patient is receiving. In order to standardize 
this amount, atmospheres absolute (ATA) are used. This 
can be calculated from the percentage of oxygen in the 
gas mixture (usually 100% in HBOT; 21% if using air) 
and multiplied by the pressure. The pressure is expressed 
in feet of seawater (fsw), which is the pressure 
experienced if one were descending to that depth while 
in seawater. Depth and pressure can be measured in 
many ways; some common conversions are 1 atmosphere 
(atm) = 33 feet of seawater (fsw) = 10 meters of sea 
water (msw) = 14.7 pounds per square inch (psi) = 1.01 
bar. 

Most oxygen carried in the blood is bound to 
hemoglobin, which is 97% saturated at standard pressure. 
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Some oxygen, however, is carried in solution, and this 
portion is increased under hyperbaric conditions due to 
Henry’s law. Tissues at rest extract 5-6 mL of oxygen 
per deciliter of blood, assuming normal perfusion. 
Administering 100% oxygen at normobaric pressure 
increases the amount of oxygen dissolved in the blood to 
1.5 mL/dL; at 3 atmospheres, the dissolved-oxygen 
content is approximately 6 mL/dL, which is more than 
enough to meet resting cellular requirements without any 
contribution from hemoglobin. Because the oxygen is in 
solution, it can reach areas where red blood cells may 
not be able to pass and can also provide tissue oxygenation 
in the setting of impaired hemoglobin concentration or 
function. 

Hyperoxia in normal tissues causes vasoconstriction, 
but this is compensated by increased plasma oxygen 
content and microvascular blood flow. This vaso-
constrictive effect reduces posttraumatic tissue edema, 
which contributes to the treatment of crush 
injuries, compartment syndromes, and burns. 

HBOT increases the generation of oxygen free 
radicals, which oxidize proteins and membrane lipids, 
damage DNA, and inhibit bacterial metabolic functions. 
HBO is particularly effective against anaerobes and 
facilitates the oxygen-dependent peroxidase system by 
which leukocytes kill bacteria. 

Additionally, evidence is growing that HBOT alters 
the levels of proinflammatory mediators and may blunt 
the inflammatory cascade. More studies are needed to 
further elucidate this complex interaction. 

As HBOT is known to decrease heart rate while 
maintaining stroke volume, it has the potential to decrease 
cardiac output. At the same time, through systemic 
vasoconstriction, HBOT increases afterload. This 
combined effect can exacerbate congestive heart 
failure in patients with severe disease; however, clinically 
significant worsening of congestive heart failure is rare. 

INDICATIONS 

1. DECOMPRESSION AND AIR EMBOLISM 

Decompression Sickness :(DCS) refers to 
symptoms caused by blocked blood supply, damage from 
direct mechanical effects, or later biochemical actions 
from suspected bubbles evolving from inert gas dissolved 
in blood or tissues when atmospheric pressure decreases 
too rapidly.10 

DCS can occur after scuba diving, ascent with flying, 
or hypobaric or hyperbaric exposure. DCS can be divided 
into the following 3 types: 

• Type I involves musculoskeletal, skin, and lymphatic 
tissue, with accompanying fatigue. 

• Type II includes neurologic systems (either CNS or 
peripheral), cardiorespiratory, audiovestibular, and 
shock.10 

• Type III DCS describes a syndrome that presents 
with symptoms that progress to a spinal deficit that 
may be refractory to recompression. 

The bubbles causing DCS also can injure vessel 
endothelium, which leads to platelet aggregation, 
denatured lipoproteins, and activation of leukocytes, 
causing capillary leaks and pro-inflammatory events.11 

Hyperbaric oxygen therapy (HBOT): It is used to 
diminish the size of the bubbles, not simply through 
pressure, but also by using an oxygen gradient.According 
to Boyle’s law, the volume of bubble becomes smaller as 
pressure increases. With a change in 1.8 ATA, this is 
only about 30%. The bubble causing DCS is thought to 
be composed of nitrogen. When a tissue compartment is 
at equilibrium and then ascends to a decreased 
atmospheric pressure, nitrogen seeps out of blood, tissue, 
or both, causing a bubble. During HBOT, the patient 
breathes 100% oxygen, creating oxygen-rich, nitrogen-
poor blood. This creates a gradient of nitrogen between 
the blood and bubble, causing nitrogen to efflux from the 
bubble into the bloodstream, which, in effect, makes 
bubble smaller.10 

The treatment of choice is recompression. Although 
treatment as soon as possible has the greatest success, 
recompression is still the definitive treatment, and no 
exclusionary time from symptom onset has been 
established.11 DCS Type I can be treated using the 60 
fsw for two 20-min periods, with a slow decompression 
to 30 fsw for another 20 minutes. For DCS types I, II, 
and III, patients are placed at 60 fsw (2.8 ATA) for at 
least three 20-min intervals and then are slowly 
decompressed to 30 fsw. They remain there for at least 
another 2.5 hours. The time a patient is kept at 60 or 30 
fsw can be extended depending on the patient’s symptom 
response to therapy.12 

2. AIR EMBOLISM 

Air embolism refers to bubbles in the arterial or 
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venous circulation. Venous bubbles can result from 
compressed gas diving (such as scuba)13 but are often 
filtered through the pulmonary capillary bed. If a large 
volume of bubbles is noted, they may overwhelm the 
pulmonary filter and enter the arterial circulation. 
Arterial gas emboli (AGE) can also result from pulmonary 
barotrauma10 or accidental intravenous air injection or 
some surgical procedures.14 Symptoms usually occur 
within seconds to minutes of the event and can include 
loss of consciousness, confusion, neurological deficits, 
cardiac arrhythmias, or cardiac arrest. 

The treatment of choice is recompression therapy. 
Gas embolism requires a pressure of 6 ATA during 
treatment. The rationale was that the larger volume of 
gas warranted increased pressure to force bubble 
redistribution or elimination. If complete relief is not 
achieved after initial recompression, deeper 
recompression may be needed.10 

3. CARBON MONOXIDE POISONING 

Carbon monoxide (CO) poisoning, whether intentional or 
accidental, occurs when one inhales the colorless and 
odorless carbon monoxide gas. Despite improved 
awareness and sensory alarms, multiple deaths occur each 
year. 

CO binds to hemoglobin with 200 times the affinity 
of oxygen. CO also shifts the oxygen dissociation curve 
to the left (the Haldane effect), which decreases oxygen 
release to tissues. CO can also bind cytochrome oxidase 
aa3/C and myoglobin. Reperfusion injury can occur when 
free radicals and lipid peroxidation are produced. 

The treatment of CO poisoning with hyperbaric 
oxygen therapy (HBOT) is based upon the theory that 
oxygen competitively displaces CO from hemoglobin. 
While breathing room air, this process takes about 300 
minutes. While on a 100% oxygen non-rebreathing mask, 
this time is reduced to about 90 minutes; with HBOT, the 
time is shortened to 32 minutes. HBOT (but not 
normobaric oxygen) restores cytochrome oxidase aa3/ 
C and helps to prevent lipid peroxidation.15 HBOT is also 
used to help prevent the delayed neurologic sequelae 
(DNS); treatment instituted sooner is more 
effective. Multiple papers describe controversial methods 
and conclusions about the use of HBOT for CO 
poisoning.16 

Candidates for HBOT are those who present with 
morbidity and mortality risks that include pregnancy 

and cardiovascular dysfunction and those who manifest 
signs of serious intoxication, such as unconsciousness (no 
matter how long a period), neurologic signs, or severe 
acidosis. CO-hemoglobin (Hgb) level usually does not 
correlate well with symptoms or outcome; many patients 
with CO-Hgb levels of 25-30% are treated. 

Pregnant females often have a CO level that is 10-
15% lower than the fetus. Fetal Hgb not only has a higher 
affinity for CO but also has a left-shifted oxygen 
dissociation curve compared with adult hemoglobin. 
Exposure to CO causes an even farther leftward shift, in 
both adult and fetal hemoglobin, and decreased oxygen 
release from maternal blood to fetal blood and from fetal 
blood to fetal tissues. Pregnant patients with CO-Hgb 
levels greater than 10% should be treated with HBOT.5 

HBOT is administered at 2.5-3 ATA for periods of 
60-100 minutes. Depending on patient presentation and 
response, 1-5 treatments are recommended.6 

4. ENHANCEMENT OF HEALING OF WOUNDS 

Normal wound healing proceeds through stages of 
hemostasis, removal of infectious agents, resolution of 
the inflammatory response, reestablishment of  a 
connective tissue matrix, angiogenesis, and 
resurfacing. Problem (or chronic) wounds are those 
which do not proceed completely through this process 
because of any number of local and systemic host factors. 
For this reason, chronic wounds are often categorized as 
diabetic wounds, venous stasis ulcers, arterial ulcers, 
or pressure ulcers. 

Wounds that fail to heal are typically hypoxic. 
Multiple components of the wound healing process 
are affected by oxygen concentration or gradients, which 
explains why hyperbaric oxygen therapy (HBOT) can 
be an effective therapy to treat chronic wounds. 
Angiogenesis occurs in response to high oxygen 
concentration.4 This is likely a multifactorial effect of 
HBOT. First, fibroblast proliferation and collagen 
synthesis are oxygen dependent, and collagen is the 
foundational matrix for angiogenesis. In addition, HBOT 
likely stimulates growth factors involving angiogenesis 
and other mediators of the wound healing 
process. Hyperbaric oxygen also has been shown to have 
direct and indirect antimicrobial activity; in particular, it 
increases intracellular leukocyte killing. 

Diabetic lower extremity ulcers have been the focus 
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of most wound research in hyperbaric medicine, since 
the etiology of these wounds is multifactorial, and HBOT 
can address many of these factors. Several randomized 
controlled clinical trials have studied HBOT for treatment 
of diabetic lower extremity wounds. Additionally, many 
more prospective, noncontrolled clinical trials and 
retrospective trials have been completed. Based on the 
body of evidence, major insurance carriers around the 
world now endorse the use of HBOT for the treatment 
of diabetic lower extremity wounds that show evidence 
of deep soft tissue infection, osteomyelitis, or gangrene. 
HBOT has been shown to reduce the amputation rate in 
patients with diabetic ulcers as well. 

To select patients appropriate for HBOT, various 
objective vascular evaluation methods have been used, 
including transcutaneous oximetry, capillary perfusion 
pressure, laser Doppler, and other types of vascular 
studies. HBOT should be used in conjunction with  a 
complete wound healing care plan. As with all chronic 
wounds, other underlying host factors (eg, large vessel 
disease, glycemic control, nutrition, infection, presence 
of necrotic tissue, offloading) must be simultaneously 
addressed in order to have the highest chance of 
successful healing and functional capacity.Because the 
goals of HBOT for wound healing include cellular 
proliferation and angiogenesis, HBOT is generally 
performed daily for a minimum of 30 treatments. 
Treatment is generally at 2 to 2.4 ATA for a total of 90 
minutes of 100% oxygen breathing time. Based on the 
response to therapy, extended courses of therapy may 
be indicated. 

5. TREATMENT OF COMPROMISED SKIN 
GRAFTS AND FLAPS 

Most skin grafts and flaps in normal hosts heal well. In 
patients with compromised circulation, patients with 
diabetes or vasculopathy from another etiology and 
patients who have irradiated tissue are mostly have 
compromised flap or graft. In these patients, hyperbaric 
oxygen therapy (HBOT) has been shown to be useful. 
Unfortunately, if patients are not identified early, the initial 
flap or graft may be lost. Even in such cases, patients 
can significantly benefit from HBOT to prepare the wound 
bed for another graft or flap procedure; the procedure 
then has a higher chance of success following HBOT. 

As the underlying pathophysiology of all compromised 
grafts and flaps is hypoxia, HBOT benefits patients by 
reducing the oxygen deficit.Aunique mechanism of action 

of HBOT for preserving compromised flaps is the 
possibility of closing arteriovenous shunts. Additionally, 
the same mechanisms of action that improve wound 
healing, namely, improved fibroblast and collagen 
synthesis11 and angiogenesis, also are likely to benefit a 
compromised graft or flap. 

The current standard for HBOT to treat  a 
compromised graft or flap includes twice daily treatment 
until the graft or flap appears viable and then once per 
day until completely healed. The initiation of HBOT should 
be expedited. In general, benefit should be seen by 20 
treatments; if it is not, continuation of therapy should be 
reviewed. However, the cost of creating a complex flap 
is high, which makes HBOT cost-effective for this 
diagnosis. Of course, patients with compromised flaps 
need surgical attention to the arterial and venous supply, 
appropriate local management, and maximization of 
medical support. 

6. CRUSH INJURY AND COMPARTMENT 
SYNDROME 

Acute peripheral traumatic ischemia includes those 
injuries that are caused by trauma that leads to ischemia 
and edema; a gradient of injury exists. This category 
contains crush injuries as well as compartment syndrome. 
Crush injuries often result in poor outcome because of 
the body’s attempt to manage the primary injury. The 
body then develops more injury due to the reperfusion 
response. Injuries are graded using definite points on a 
severity scale. The commonly referenced system is the 
Gustilo classification, but other classification scales are 
available. 

The benefits of hyperbaric oxygen therapy 
(HBOT) for this indication include hyperoxygenation by 
increasing oxygen within the plasma. HBOT also induces 
a reduction in blood flow that allows capillaries to reabsorb 
extra fluid, resulting in decreased edema. As a gradient 
of oxygenation is based on blood flow, oxygen tissue 
tensions can be returned, allowing for the host defenses 
to properly function. Compartment syndrome also is a 
continuum of injury that occurs when compartment 
pressures exceed the capillary perfusion pressures. The 
extent to which the injury has affected tissues is unclear, 
even after surgical intervention. HBOT is not 
recommended during the “suspected” stage of injury, 
when compartment syndrome is not yet present but may 
be impending. HBOT is beneficial during the impending 
stage, when objective signs are noted (pain, weakness, 
pain with passive stretch, tense compartment). With these 
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signs, even if surgery is not elected because of 
compartment pressures or patient stability, HBOT is 
indicated. Once the patient has undergone fasciotomy, 
HBOT can be used to help decrease morbidity. 

HBOT should be started as soon as is feasible, ideally 
within 4-6 hours from time of injury. After emergent 
surgical intervention, the patient should undergo HBOT 
at 2-2.5 ATA for 60-90 minutes. For the next 2-3 days, 
perform HBOT 3 times daily, then twice daily for 2-3 
days, and then daily for the next 2-3 days. 

7. NECROTIZING SOFT TISSUE INFECTIONS 

These infections may be single aerobic or anaerobic but 
are more often mixed infections that often occur as  a 
result of trauma, surgical wounds, or foreign bodies, 
including subcutaneous and muscular injection of 
contaminated street drugs. They are often seen in 
compromised hosts who have diabetes or a vasculopathy 
of another type. These infections are named based on 
their clinical presentation and include necrotizing 
fasciitis,clostridial and nonclostridial myonecrosis, 
and Fournier gangrene. 

Regardless of the depth of the tissue invasion, these 
infections have similar pathophysiology that includes local 
tissue hypoxia, which is exacerbated by a secondary 
occlusive endarteritis. Intravascular sequestration of 
leukocytes is common in these types of infections, 
mediated by toxins from specific organisms. Clostridial 
theta toxin appears to be one such mediator. All of these 
factors together foster an environment for facultative 
organisms to continue to consume remaining oxygen, and 
this promotes growth of anaerobes. 

The cornerstones of therapy are wide surgical 
debridement and aggressive antibiotic therapy. 
Hyperbaric oxygen therapy (HBOT) is used adjunctively 
with these measures, as it offers several mechanisms of 
action to control the infection and reduce tissue loss. First, 
HBOT is toxic to anaerobic bacteria.Next, HBOT 
improves polymorphonuclear function and bacterial 
clearance. Based on results of work related to CO 
poisoning, HBOT may decrease neutrophil adherence 
based on inhibition of beta-2 integrin function. Further 
investigation is needed to see if this mechanism is at work 
in necrotizing infections as well. In the case of clostridial 
myonecrosis, HBOT can stop the production of the alpha 
toxin.Finally, limited evidence indicates that HBOT may 
facilitate antibiotic penetration or action in several classes 
of antibiotics, including aminoglycosides, cephalo-

sporins,sulfonamides and amphotericin. 

Initial HBOT is aggressively performed at least twice 
per day in coordination with surgical debridement. 
Typically, a treatment pressure ranging from 2.0-2.5ATA 
is adequate. However, in the specific case of clostridial 
myonecrosis, 3 ATA is often used to ensure adequate 
tissue oxygen tensions to stop alpha toxin production. For 
the same reason, HBOT should be initiated as quickly as 
possible in this circumstance and performed 3 times in 
the first 24 h if at all feasible. 

8. INTRACRANIAL ABSCESS 

The disorders considered in treatment of intracranial 
abscesses (ICA) include subdural and epidural empyema 
as well as cerebral abscess.5 Studies from around the 
world have reviewed mortality from ICA with a resulting 
mortality of about 20%. HBOT has multiple mechanisms 
that make it useful as an adjunctive therapy for ICA. 

HBOT induces high oxygen tensions in tissue, which 
helps to prevent anaerobic bacterial growth, including 
organisms commonly found in ICA. HBOT can also help 
reduce increased intracranial pressure (ICP) and its 
effects are proposed to be more pronounced with 
perifocal brain swelling. As discussed earlier, HBOT can 
enhance host immune systems and the treatment of 
osteomyelitis. Candidates for adjunctive HBOT are 
patients who have multiple abscesses, who have an 
abscess that is in a deep or dominant location, whose 
immune systems are compromised, in whom surgery is 
contraindicated, who are poor candidates for surgery, and 
who exhibit inadequate response despite standard surgical 
and antibiotic treatment.6 HBOT is administered at 2.0-
2.5 ATA for 60-90 minutes per treatment. HBOT may 
be 1-2 sessions per day. The optimized number of 
treatments has not been determined.6 

9. DELAYED RADIATION INJURY 

Radiation therapy causes acute, subacute, and delayed 
injuries. Acute and subacute injuries are generally self-
limited. However, delayed injuries are often much more 
difficult to treat and may appear anywhere from 6 months 
to years after treatment. They generally are seen after a 
minimum dose of 6000 cGy. Injuries are generally divided 
into soft tissue versus hard tissue injury 
osteoradionecrosis. While the exact mechanism of 
delayed radiation injury is still being elucidated, the 
generally accepted explanation is that an obliterative 
endarteritis and tissue hypoxia lead to secondary 
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fibrosis. Hyperbaric oxygen therapy (HBOT) was first 
used to treat ORN of the mandible. Based on the 
foundational clinical research of Marx,multiple subsequent 
studies supported its use. The success of HBOT in 
treating ORN then led to its use in soft tissue radionecrosis 
as well. 

10. OSTEORADIONECROSIS 

The cornerstone of therapy is to begin and complete (if 
possible) HBOT prior to any surgical intervention and 
then to resume HBOT as soon as possible after surgery. 
Only in this way is adequate time allowed for angiogenesis 
to support postoperative healing. For patients with  a 
history of significant radiation exposure, but no exposed 
bone, who require oral surgery, many practitioners suggest 
20 HBOT treatments prior to surgery and 10 treatments 
immediately following surgery. 

11. SOFT TISSUE RADIONECROSIS 

While soft tissue radionecrosis also is rare, it causes 
significant morbidity, depending on the site of injury. All 
of these injuries lead to significant local pain. 
Both radiation cystitis and radiation proctitis can result in 
severe blood loss with symptomatic anemia, and radiation 
cystitis may cause obstructive uropathy secondary to 
fibrosis and blood clot formation. Currently, the largest 
group of reported patients treated with HBOT for soft 
tissue radionecrosis are those with radiation cystitis. 

12. HBOT AND CARCINOGENESIS 

Practitioners and patients are often concerned that HBOT 
may foster recurrence of malignancy or promote the 
growth of an existing tumor. This is largely because of 
the known angiogenic effective of HBOT. Malignant 
angiogenesis appears to follow a different pathway than 
angiogenesis related to wound healing. His review of the 
literature suggests that the risk is low. 

13. REFRACTORY OSTEOMYELITIS 

Refractory osteomyelitis is defined as acute or chronic 
osteomyelitis that is not cured after appropriate 
interventions. More often than not, refractory 
osteomyelitis is seen in patients whose systems are 
compromised. This condition often results in nonhealing 
wounds, sinus tracts, and, in the worst case, more 
aggressive infections that require amputation.Hyperbaric 
oxygen therapy (HBOT) is capable of elevating oxygen 
tension in infected bone to normal or above normal 
levels.Since polymorphonuclear (PMN) function requires 

adequate oxygen concentration, this is a significant 
mechanism by which HBOT helps to control 
osteomyelitis. A unique mechanism by which HBOT is 
beneficial in osteomyelitis is in promoting osteoclast 
function. The resorption of necrotic bone by osteoclasts 
is oxygen-dependent. This has best been demonstrated 
in animal models of osteomyelitis. Additionally, as 
previously mentioned, HBOT facilitates the penetration 
or function of antibiotic drugs. Other properties of HBOT 
previously discussed, such as neovascularization and 
blunting the inflammatory response, likely provide 
additional benefit. 

14. THERMAL BURNS 

Thermal burns present a multifactorial tissue injury that 
culminates in a marked inflammatory response with 
vascular derangement from activated platelets and white 
cell adhesion with resultant edema, hypoxia, and 
vulnerability to severe infection. Poor white cell function 
caused by the local environment exacerbates this problem. 
Hyperbaric oxygen therapy (HBOT) addresses each of 
these pathophysiological derangements, and can, 
therefore, make a significant difference in patient 
outcomes. 

Multiple animal studies support the utility of HBOT 
for treatment of thermal burns. Because of the goals of 
therapy, HBOT is begun as soon as possible after injury, 
with a goal of 3 treatments within the first 24 hours and 
then twice daily. Length of treatment depends on the 
clinical impairment of the patient and the extent of and 
response to grafting. Special attention must be given to 
fluid management and chamber and patient temperature 
to avoid undue physiologic stress to the patient as well as 
potential complications of treatment (ie, oxygen toxicity). 

15. EXCEPTIONAL ANEMIA 

Patients who develop exceptional anemia have lost 
significant oxygen carrying capacity in the blood. These 
patients become candidates for hyperbaric oxygen therapy 
(HBOT) when they are unable to receive blood products 
because of religious or medical reasons. The major 
oxygen carrier in human blood is hemoglobin, transporting 
1.34 mL of oxygen per gram. Borema performed an 
experiment in the 1960s in which exsanguinated pigs (who 
had only plasma in their vasculature) were able to sustain 
life under hyperbaric conditions.8 

The body generally uses 5-6 vol% (mL of  O
2
 per 

100 mL of blood) under 3 ATA, 6 vol% of molecular 
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oxygen can be dissolved into the plasma. The CNS and 
cardiovascular systems are the two most oxygen-
sensitive systems in the human body.Oxygen debt is one 
way of determining a patient’s need to start or continue 
HBOT. A cumulative oxygen debt is the time integral of 
the volume of oxygen consumption (VO

2
) measured 

during and after shock insult minus the baseline 
VO

2 
required during the same time interval. Patients who 

have a debt >33 L/m2do not survive, whereas patients 
with debts d”9 usually recover.5 

HBOT is administered at 2-3 ATA for periods of up 
to 4 hours per treatment. As many as 3-4 sessions a day 
may be necessary, depending on a patient’s clinical 
picture. Treatments should continue until the patient 
can receive blood products, no longer demonstrates end 
stage organ failure, or no longer has a calculated oxygen 
debt.6 

16. CENTRAL RETINAL ARTERY OCCLUSION 

Central retinal artery occlusion (CRAO) is a sudden, 
painless loss of vision; this is the most recently approved 

indication by the Undersea and Hyperbaric Medicine 
Society (UHMS) for HBOT. CRAO is caused by the 
obstruction of the central retinal artery and, although an 
infrequent cause of visual loss, leads to permanent visual 
loss. Current treatment for CRAO consists of attempts 
to lower intraocular pressure and movement of a potential 
embolus downstream, ocular massage, anterior chamber 
paracentesis, and medications (both eye drops and oral); 
most modalities have proven inefficacious. Patient 
selection for HBOT should meet the following criteria: 
<24 hours of painless vision loss; no history of flashes or 
floaters prior to vision loss; visual acuity 20/200 or worse, 
even with pinhole testing; age >40 years; and no recent 
eye surgery or trauma. Visual improvement has been 
reported even with delay of HBOT. 

CONTRAINDICATIONS 

As with most medical treatments, absolute and relative 
contraindications exist with the use of hyperbaric oxygen 
therapy (HBOT).5 

Absolute Contraindications to Hyperbaric Oxygen Therapy 

Absolute Contraindications Reason Contraindicated Necessary Conditions Prior to HBOT 

Untreated pneumothorax Gas emboli 
Tension pneumothorax 
Pneumomediastinum 

Thoracostomy 

Bleomycin Interstitial pneumonitis No treatment for extended time from use of 
medication 

Cisplatin Impaired wound healing No treatment for extended time from use of 
medication 

Disulfiram Blocks superoxide dismutase, 
which is protective against 
oxygen toxicity 

Discontinue medication 

Doxorubicin Cardiotoxicity Discontinue medication 

Sulfamylon Impaired wound healing Discontinue and remove medication 
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Relative Contraindications to Hyperbaric Oxygen Therapy 

Relative Contraindications Reason Contraindicated Necessary Conditions Prior to HBOT 

Asthma Air trapping upon ascent 
leading to pneumothorax 

Must be well controlled with medications 

Claustrophobia Anxiety Treatment with benzodiazepines 

Congenital spherocytosis Severe hemolysis None; HBOT for emergencies only 

Chronic obstructive pulmonary 
disease(COPD) 

Loss of hypoxic drive to 
breathe 

Observation in chamber 

Eustachian tubedysfunction Barotrauma to tympanic 
membrane 

Training, PE tubes 

High fever Higher risk of seizures Provide antipyretic 

Pacemakers or epidural 
pain pump 

Malfunction or deformation 
of device under pressure 

Ensure company has pressure-tested device and 
learn to what depth 

Pregnancy Unknown effect on fetus 
(Previous studies from Russia 
suggest HBOT is safe.) 

None, but HBOT may be used in emergencies 

Seizures May have lower seizure 
threshold 

Should be stable on medications; may be treated 
with benzodiazepines 

Upper respiratory infection(URI)  Barotrauma Resolution of symptoms or decongestants 

Relative Contraindications to Hyperbaric Oxygen Therapy 

Relative Contraindications Reason Contraindicated Necessary Conditions Prior to HBOT 

Asthma Air trapping upon ascent 
leading to pneumothorax 

Must be well controlled with medications 

Claustrophobia Anxiety Treatment with benzodiazepines 

Congenital spherocytosis Severe hemolysis None; HBOT for emergencies only 

Chronic obstructive pulmonary 
disease(COPD) 

Loss of hypoxic drive to 
breathe 

Observation in chamber 

Eustachian tubedysfunction Barotrauma to tympanic 
membrane 

Training, PE tubes 

High fever Higher risk of seizures Provide antipyretic 

Pacemakers or epidural 
pain pump 

Malfunction or deformation 
of device under pressure 

Ensure company has pressure-tested device and 
learn to what depth 
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Pregnancy Unknown effect on fetus 
(Previous studies from Russia 
suggest HBOT is safe.) 

None, but HBOT may be used in emergencies 

Seizures May have lower seizure 
threshold 

Should be stable on medications; may be treated 
with benzodiazepines 

Upper respiratory infection(URI)  Barotrauma Resolution of symptoms or decongestants 

Complications and special concerns5,6 

Complication Presentation Treatment 

Barotrauma 

Middle ear (URI, Eustachian 
tube dysfunction) 

Ear pain, fullness 
Muffled hearing 

Autoinflation technique 
Pseudoephedrine/oxymetazoline 
Tympanostomy tubes 
Wait for URI resolution 

Sinus Sinus pain or bleeding Oxymetazoline/pseudoephedrine 
Antihistamines 
Steroid nasal spray 

Dental Tooth pain Replacement of filling or crown (allows trapped 
air bubble to escape) 

Pulmonary Dry cough 
Chest pain or burning 
Decreased vital capacity 

No breath-holding 
Thoracostomy (if pneumothorax) 
Increase decompression time 

Round or oval window 
blowout 

Immediate deafness 
Tinnitus 
Nystagmus, vertigo, or both 

Discontinue Valsalva 
Refer to ENT 

Visual refraction change 

Lens morphology Progressive myopia with 
prolonged number of 
treatments 

Most resolve spontaneously when treatment 
finished 

Cataracts Clouding of vision 
influence cataract formation 

Prescreen for existing cataracts  HBOT does not 

Oxygen toxicity 

CNS (Incidence 0.7 per 
10,000 treatments at 2.4 ATA) 

Seizure Removal from oxygen source 
Resume HBOT with shorter oxygen 
treatment periods 
Does not require medication 
Treat hypoglycemia if present 
Treat fever if present 

Pulmonary Dry cough 
Chest pain or burning 
Decreased vital capacity 

Decrease total oxygen exposure time (including 
outside HBOT) 
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PEDIATRIC CONSIDERATIONS 
Pediatric patients also have special concerns. The 
proportion of surface area to body mass is much greater 
in children than in adults.As temperature in the chamber 
can fluctuate, care must be taken to ensure the child 
remains warm without causing hyperthermia. This can 
be more difficult in a monoplace chamber because the 
patient cannot be physically reached from outside the 
chamber to provide blankets or warmed water as heat 
sources. Unless children can focus and equalize their ears, 
consideration for placement of tympanostomy tubes 
should be discussed with the parents to prevent middle 
ear barotrauma. 

Oxygen administration is easy in a monoplace 
chamber because the chamber is pressurized with 
oxygen. Multiplace chambers can fashion equipment to 
fit the child. A neck ring can be fitted over the child’s 
torso, or, if the child is small enough, 2 hoods can be 
placed together to form a capsule around the child. Care 
must be taken when treating patients with ductal 
dependent lesions, as oxygen is a signal for ductus 
arteriosus closure. This has not been a documented 
problem in pregnancy. Bronchopulmonary dysplasia in a 
preterm infant, as is associated with mechanical 
ventilation and elevated oxygen tensions, can be 
accelerated with HBOT.5 

POTENTIAL NEWER INDICATIONS FOR 
HBOT 

Sudden Deafness 

Sudden sensorineural hearing loss (SSHL) is a relatively 
rare cause of total sensorineural hearing loss cases. SSHL 
has many causes, but idiopathic SSHL still predominates. 
The condition is thought to be related to inner ear hypoxia, 
and HBOT increases the partial pressure of oxygen (pO

2
) 

in the inner ear. 

The effectiveness of HBOT in SSHL as either 
primary or adjunctive therapy has not been conclusively 
established. Although some studies have shown 
improvement in hearing after HBOT, others have not. 
Because two thirds or more of these patients have 
spontaneous recovery, selection of patients and evaluation 
of results is easily confounded. 

Bisphosphonate-Associated Osteonecrosis 

Bisphosphonates are used widely for the management 
of metastatic cancer in bone, osteoporosis, Paget disease 

of bone, and acute hypercalcemia. The exact mechanism 
of the pathophysiology that lead to osteonecrosis is 
unknown. However, bisphosphonates bind to bone and 
incorporate in the osseous matrix. No reliable treatment 
for this condition is currently available. Case studies using 
HBOT to treat bisphosphonate-associated osteonecrosis 
prompted a pilot study with favorable results. Therefore, 
a randomized clinical trial is currently underway to 
evaluate the efficacy of HBOT for this condition. 

CONCLUSION 

Hyperbaric Oxygen Therapy is a non invasive medical 
treatment which involves breathing 100% oxygen at 
increased pressure in a hyperbaric chamber. Breathing 
100% oxygen under pressure allows oxygen to dissolve 
into the blood plasma, resulting in increased amounts of 
oxygen delivery to tissues. By breathing 100 percent 
oxygen at elevated pressure (2.0 to 3.0 atmospheres), 20 
times more oxygen travels through the body’s bloodstream 
to injured organs and tissue, causing accelerated healing 
and other beneficial effects. This therapy can help reduce 
swelling, fight infection, and build new blood vessels, 
ultimately producing healthy tissue. It is also effective in 
fighting certain types of infections, improving circulation, 
in stimulating growth of new blood vessels, and in treating 
crush injuries, osteomyelitis, compromised skin grafts and 
flaps, brown recluse spider bites, and diabetic wounds of 
the lower extremities. 
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Article 

The changing scenario of clinical trials in India: What’s new in 2014 

Author 
Designation 

Department 

The last year, 2013, saw a slew of notifications and 
amendments in the Drug and Cosmetics Rule (1945) in 
response to a number of reports relating to the poor 
conduct of clinical trials in India.1 There were reports 
of clinical trial participants being used as ‘gunea pigs’ in 
many unethical trials.2 The Drugs and Cosmetics (First 
Amendment) Rules, 2013 were a set of such rules 
enacted with the aim of stemming the rot.3 However , a 
lot of debate followed these new rules with many experts 
and stakeholders citing them as “particularly harsh” and 
hence the need for further amendments.4,5 The major 
changes proposed through these rules have been 
highlighted in an earlier article in the Journal.6 

After a stormy period for the clinical trials in India 
in the year 2013, the dust seems to have finally settled – 
with the government coming out with draft rules to 
make amendments to the Drugs and Cosmetics 
Rules,1945 which  are to be known as the Drugs and 
Cosmetics (Third Amendment) Rules, 2014 .7 

It is imperative to be aware of the latest 
developments related to conduct of clinical trials in the 
country since it relates to the vital aspect of clinical 
research. 

Amendments proposed vide G.S.R. 292(E) dated 
24th April 2014. 

A. Amendments in the rule for Compensation in case 
of injury or death during clinical trial- Rule 122 DAB of 
D & C Rules, 2013.3 

Instead of the sub-rule (1) laid earlier which stated 
“ In case of any adverse event (AE) , subjects need to 
be provided free medical management as long as required 
and the expenses have to be borne by the sponsor of the 
study…….” Now, the amended sub- rule (1) states that 
“In case of any injury occurring during clinical trial the 

Corresponding Author : 
Dr 

subject shall be  provided free medical management as 
long as required or till such time that it is established that 
the injury is not related to the clinical trial ,whichever is 
earlier.” 

Also a new sub-rule (2) has been inserted regarding 
the quantum of compensation in case there is no 
permanent injury to the subject. 

The much criticised sub-rule (5) in the same rule 
of the D & C (First Amendment) Rules, 2013, have 
been modified, much to the relief of clinical trial 
sponsors and investigators. These modifications have 
done away with the uncertainties posed by earlier 
Compensation rules, including the provision of payment 
of compensation by the sponsor in case of 

- failure of investigational product to provide intended 
therapeutic effect, 

- use of placebo in a placebo controlled trial 

As per the proposed draft Drugs and Cosmetics 
(Third Amendment) Rules, 2014.6 compensation 
will be liable in both the above mentioned situations only 
“ in case the standard care, though available, was not 
provided to the subject as per the clinical trial protocol”. 

B) Amendments in ScheduleYregarding Responsibilities 
of Sponsor, Investigator, and Ethics Committee (EC) 

Amendments in Responsibilities of Sponsor : The 
sponsor of the clinical trial has to report any SAE, after 
due analysis, to the Licensing Authority (DCGI), 
Chairman of the EC and the Head of the Institution where 
the trial was conducted within fourteen calendar days 
of occurrence of the SAEs. 

Amendments in Responsibilities of Investigator: 
The Drugs and Cosmetics (Third Amendment) Rules , 
20146 have made it compulsory for principal investigator 
(PI) to report all serious adverse events within 24 hours 
of occurrence of SAE to the Sponsor, the Ethics 
committee and the Licensing Authority. The report of 
SAE of death, after due analysis, shall be forwarded by 
the PI to the Licensing Authority, Chairman of the 
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Ethics Committee and the Head of the Institution within 
fourteen calendar days of occurrence of the SAE. In 
case the Investigator fails to report within stipulated time, 
he/she has to furnish the reason for the delay to the 
satisfaction of the LicencingAuthority along with report 
of the SAE. 

Amendments in Responsibilities of Ethics 
Committee : The Ethics Committee shall forward its 
report on the SAE, after due analysis, along with its 
opinion on financial compensation, if any, to be paid by 
the Sponsor, within thirty calendar days of occurance of 
SAE to the Licensing Authority ie the DCGI. Earlier 
the same had to be done within twenty –one calendar 
days. 

C. NEW CHANGES IN THE INFORMED 
CONSENT DOCUMENT (ICD) 

As per Appendix V of the Schedule Y, the Informed 
Consent Documents should state that in case of injury 
occurring to the subject during the CT, he or she shall be 
given free medical management as long as required or 
till such time that it is established that the injury is not 
related to the clinical trial, whichever is earlier. 

D. CHANGES IN APPENDIX XII OF THE 
SCHEDULE Y 

The appendix XII was added in the D & C (First 
Amendment) Rules, 2013 to lay down rules for 
compensation in case of injury or death during clinical 
trial. These have been modified by the recent amendment 
in 2014 in view of the hue and cry raised by the various 
stakeholders. As per the new rules, in case of injury 
occurring to the subject during the CT, he or she shall be 
given free medical management as long as required or 
till such time it is established that the injury is not related 
to the clinical trial, whichever is earlier. It also states that 
in case of CT related injury the financial compensation 
shall be over and above any expenses incurred on medical 
management of the subject. It goes on to add that “in 
case there is no permanent injury, the quantum of 
compensation shall commensurate with the nature of the 
non-permanent injury ,loss of wages and transportation.” 
Furthermore due to intense debate on the inadequate 
timelines provided for in the D& C 2013, Rules and 

recommendations of the committee looking into the 
aspirations of the various stakeholders- the pharmaceutical 
industry, the Ethics Committees,the Institutional 
Investigators the following changes have been proposed: 

- The Licensing Authority ( DCGI ) shall forward 
reports of the PI, Sponsor and Ethics Committees to 
the Chairman of the Expert Committee. 

- The Expert Committee shall examine the report and 
give its recommendations to the LicensingAuthority 
within one hundred and five days of occurance of 
the adverse event. 

- In case of clinical trial related death, the Licensing 
Authority, after considering recommendations of the 
Expert Committee, shall decide the quantum of 
compensation to be paid by the sponsor and shall 
pass orders as deemed necessary within one hundred 
and fifty days of occurance of the adverse event. 
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Case Report 

A Rare Cause of Recurrent Chest Infection in Elderly 

Deepak Aggarwal1, Varinder Saini2, AK Janmeja3, Manisha4 
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Govt Medical College & Hospital, Sector-32, Chandigarh 160030 

ABSTRACT 

We report a case of an elderly female who was managed as bronchial asthma for her recurrent chest 
infections. Detailed evaluation revealed it to be a case of Swyer-James-Macleod syndrome. This syndrome, 
presenting as recurrent chest infections in an elderly, is a rare event which if correctly detected, prevents inappropriate 
treatment. 

INTRODUCTION 

Recurrent respiratory infections constitute an important 
cause of morbidity and mortality worldwide. Usually, they 
are caused by underlying chronic lung diseases like 
asthma, chronic obstructive pulmonary disease (COPD), 
bronchiectasis and pulmonary embolism. The present 
case highlights Swyer-James-Macleod syndrome as an 
uncommon cause of repeated chest infections. It is  a 
rare syndrome with reported prevalence of 0.01% in a 
survey of 17450 chest radiographs.1 It is characterized 
by unilateral hyperlucent lung on imaging study. Due to 
non-specific features and lack of suspicion, it has often 
been misdiagnosed as asthma and pulmonary embolism.2 

CASE REPORT 

A 60-year old female presented with recurrent episodes 
of cough, fever and breathlessness for last 5 years. She 
was being treated as bronchial asthma with inhaled 
steroids and bronchodilators, for the last 3 years. In 
preceding 2 years, she underwent 4 hospital admissions 
for acute deterioration where she was treated with 
parenteral steroids and antibiotics. She could recall similar 
symptoms during her adolescence and, thereafter, 
remained reasonably well. At presentation, patient was 
tachypnoic with respiratory rate of 30/minute. Chest 
auscultation revealed diminished intensity of breath 
sounds over left hemithorax and inspiratory squeaks. 
Hematological investigations showed a normal total and 

Corresponding Author : 
Dr Deepak Aggarwal, 
Department of Pulmonary Medicine, Block-D, Level-5, 
Govt Medical College & Hospital, 
Sector-32, Chandigarh 160030 
Mobile: 9646121584 

differential leucocyte count. Serum immunoglobulin E 
levels, fasting blood sugar were also within normal limits. 
Serum for HIV antibodies was non-reactive by ELISA 
test.Arterial blood gases showed type I respiratory failure 
with PaO

2 
of 50 mm of Hg. Chest X-ray in full inspiration 

(Figure-1) revealed mild hyperlucency over left 
hemithorax. Computed tomography (CT) of thorax 
(Figure-2) showed decrease in attenuation of entire left 
lung parenchyma (hyperlucency) with reduction in the 
broncho-vascular markings, small sized left lung and 
proximal bronchiectasis. Bronchoscopy was negative for 
intraluminal obstruction. Based on above findings, 
diagnosis of Swyer-James-Macleod syndrome was 
made. The patient was treated with nebulized 
bronchodilators and antibiotics and she improved with 
the conservative management. After stabilization, patient 
underwent pulmonary function test which revealed mixed 
obstructive and restrictive ventilatory defect with negative 
bronchodilator reversibility. Thereafter, steroids were 
stopped. She was discharged on symptomatic treatment 
with advice for pneumococcal and influenza vaccination. 
At one month follow up, patient was clinically stable with 
normal blood gases 

DISCUSSION 

Swyer-James-Macleod syndrome is a rare clinical 
syndrome characterized by small or normal sized 
unilateral hyperlucent lung along with absence of 
bronchial obstruction.3 This syndrome develops after 
episodes of childhood obliterative bronchiolitis, usually of 
viral etiology.4 Pathogenetic mechanisms for its 
development include air trapping due to obliterative 
scarring of terminal and respiratory bronchioles, 
impairment of normal development of alveolar buds, 
hypoplasia of pulmonary vasculature (decrease in number 
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Fig 1. Chest X-ray showing mild hyperlucency of left lung. 

and diameter of pulmonary vessels) along with reflex 
vasoconstriction.5 6 

Usually, Swyer-James-Macleod syndrome remains 
silent and is detected incidentally on radiological 
investigations. In others, it present with repeated chest 
infections, with onset early in life. 6 Rarely, it may go 
unnoticed till adulthood as was there in our case. In 
symptomatic individuals, it usually presents with shortness 
of breath, chest pain, cough and hemoptysis.2 Left lung 
has more predilection for involvement than the right lung 
due to peculiar anatomical and hemodynamic factors. 
2,7,8 Swyer-James-Macleod syndrome should be 
differentiated from other causes of unilateral hyperlucent 
lung, notably congenital lobar emphysema, bronchogenic 
cyst, foreign body, pneumothorax, bullous disorder, absent 
/hypoplastic pulmonary artery and mastectomy. 1 More 
importantly, common causes of recurrent chest infections 
like asthma, COPD, pulmonary embolism and 
bronchiectasis should always be excluded before labeling 
a case as Swyer-James-Macleod syndrome. 

End-expiratory air trapping on chest x-ray may give 
first clue to the diagnosis. High resolution computed 
tomography of chest is the most valuable investigation 
for diagnosing and demonstrating the extent of disease. 
It also helps to exclude central bronchial obstruction, 
vascular anomalies and other causes of unilateral 
hypertranslucency. 2 Bronchiectasis, as observed in our 
case, is common but not universal finding associated with 
the disease. Bronchoscopy, CT pulmonary angiography 
and ventilation perfusion scanning may further aid in 
consolidating the diagnosis. The syndrome is usually 
amenable to conservative management, targeting at 

Fig 2. Axial CT thorax sections showing hyperlucent, small sized left 
lung and left lower lobe bronchiectasis 

treatment of infections. Pneumonectomy and lobectomy 
are the surgical options mainly reserved for patients with 
recurrent and potentially fatal infections, progressive 
decline in lung function and life threatening hemoptysis. 

Considering increased burden of childhood respiratory 
infections, this syndrome is likely to have a higher than 
estimated burden. High index of suspicion in light of 
pertinent radiological picture may help in accurate 
diagnosis and prevent mismanagement. 

Conflict of Interest: No conflict of interest 

REFERENCES 
1. Fregonese L, Girosi D, Battistini E, Fregonese B, Risso FM, 

Bava GL, et al. Clinical, physiologic, and roentgenographic 
changes after pneumonectomy in a boy with Macleod/Swyer-
James syndrome and bronchiectasis. Pediatr Pulmonol 
2002;34:412-6. 

2. AbbaAA, Al-MobeireekAF. Clinical spectrum of Swyer-James-
Macleod syndrome in adults. Saudi Med J 2003;24:195-8. 

3. Macleod WM. Abnormal transradiancy of one lung. Thorax 
1954;9:147-53. 

4. Tortajada M, Gracia M, Garcia E, Hernandez R. [Diagnostic 
considerations in unilateral hyperlucency of the lung (Swyer-
James-MacLeod Syndrome)]. Allergol Immunopathol (Madr) 
2004;32:265-70. 

5. Erkasar CF, Caglar CE, Koray D, Ilgin KN. Bilateral Swyer-
James (Macleod’s) syndrome. Indian J Pediatr 2002;69:433-5. 

6. Smeds MR, Fortune JB. Swyer-James syndrome diagnosed in a 
trauma patient. J Emerg Med 2011;41:e133-6. 

7. Sen HS, Taylan M,Abakay O, Sezgi C, Cetincakmak MG.Adult 
Diagnosis Of Swyer-James-Macleod Syndrome: Retrospective 
Analysis of Four Cases. Respir Care 2013 Sep 11 [Epub ahead 
of print]. 

8. Ashour M. The anatomy of left bronchus syndrome. Clin Anat 
1995;8:256-61. 

Journal of Medical College Chandigarh, 2013, Vol. 3, No.3 2 

http://www.pdffactory.com


Case Report 

Complete lower lip reconstruction: a rare case report 
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ABSTRACT 

The oral cavity starts from lips and it important in both aesthetic and functional sense. Lip cancer is the most common 
site of oral malignant lesion. Any reconstruction of the lips must include both functional and cosmetic considerations. 
We are presenting a rare case of xeroderma pigmantosum which presented with squamous cell carcinoma involving 
lower lip completely and basal cell carcinoma involving right side of cheek same time. 

Key words : Lower lip, xeroderma pigmantosum, reconstruction, squamous cell carcinoma, basal cell carcinoma 

INTRODUCTION flaps proposed in literature to close larger defects. Here 
we are presenting case of XP with simultaneous 

The oral cavity starts from lips and it important in both malignancies in form of squamous cell and basal cell 
aesthetic and functional sense such as oral competence, carcinomas on face. 
speech, deglutition and communication of emotions. Lip 
cancer is the most common site of oral malignant lesion. CASE REPORT 
The predisposing factors for lip cancer are prolonged 

Fifteen years male patient of XP presented with three Sun Exposure, male gender, smoking, and tobacco 
month history of swelling on lower lip. The swelling was chewing and alcohol consumption. Xeroderma 
rapidly increasing in size. The general physical pigmentosum (XP) is rare genetic disorder of autosomal 
examination showed no neurological deficit. Examination recessive transmission characterized by photosensitivity, 
of eyes showed visual acuity 6/18 both side with bilateral pigmentary changes, premature skin aging and 
macular corneal opacity and blepharitis. On local malignant tumor development due to cellular 
examination, irregular mass was involving lower lip right hypersensitivity to ultraviolet radiation resulting from a 
commissure to 2 cm short of left commissure and defect in DNA repair 1. In this eyes and areas of skin 
extending to part of skin below lower lip (Fig. 1-black exposed to the sun commonly involved. The basal cell 

and squamous cell carcinomas are most common type 
of malignancies. The frequent cause of death in 
xeroderma pigmantosum is metastasis in cutaneous 
malignancies, neurologic degeneration, and internal 
malignancies 1,2. 

Any reconstruction of the lips must include both 
functional and cosmetic considerations. Lower lip defects 
of up to 1/3 of the lip may be closed primarily. Various 
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E-mail : drhitesh10@gmail.com Fig 1. Simultaneous presentation of two malignancies 
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Fig 2. Karapendzic Flap right side (curved arrow showed direction of 
advancement) and advancement on left side(straight arrow) 

arrow). There was small ulcer 1×1 cm on right cheek 
just lateral nasolabial groove (Fig.1-curved arrow). The 
biopsy report was squamous cell carcinoma from lip and 
basal cell carcinoma from cheek. The excision of both 
lesions was done under general anesthesia with 1 cm 
margin. The Karapendzic flap used on right side and 
remaining part of lower lip left side advance medially to 
prepared lower lip (Fig. 2). To widen mouth opening, 2 
cm incision was made on left commissure and sutured 
skin with mucosa. The wound closed in layers (Fig. 3). 
In post operative period patient have difficulty in mouth 
opening and eating for short period. The final 
histopathology report showed no tumor in cheek lesion 
and squamous cell carcinoma from lower lip lesion. The 
post operative chemotherapy was given in form of  5 
florouracil. The patient is disease free at present and 
under regular follow up. 

DISCUSSION 

Xeroderma pigmentosum term was coined by Moriz 
Kaposi. The mutation of nucleotide excision repair ability 
is seen in XP, which lead to defective repair of DNA 
damaged by ultraviolet radiation3,4. Being a genetic 
disease, familial history and consanguinity increases the 
chance of inherited. There are currently 8 known groups, 
all with corresponding defects in their gene products. 
This disease involves both sexes and all races with more 
prevalence in Japanese population. The diagnosis of XP 
is made on the basis of clinical findings and family history 
but preferred method is functional testing of DNA repair 

Fig 3. Complete lower lip reconstruction 

abnormalities. The disease usually detect around 1-2 years 
of age and it progress in three stages i.e pigmentation 
stage, poikiloderma stage and appearance of different 
malignancies. Compare to normal population, patient with 
XP have 1,000 fold risk of developing cutaneous 
malignancy. It will typically manifest before the age of 
20 as in our case. If strict UV ray avoidance not 
followed, the malignancies develop in sun exposed areas 
as early as first decade of life. 

As such mortality is high in XP, Many patients with 
XP die at an early age from skin cancers and less than 
40% will live past the age of 20. However strict protection 
from sun rays and early detection and treatment of 
malignancies, they may survive beyond that age 4. For 
malignancies, the treated is same as cancer patients 
without XP. The standard treatment policy is surgical 
excision, topical 5-fluorouracil, freezing with liquid 
nitrogen. The high-dose oral Isotretinoin is used to prevent 
new cancers formation. 

The lip consists of four basic components: the skin, 
subcutaneous tissue, the muscle, the mucosa, and the 
vermilion. The length of Lower lip almost 5 to 6 cm and 
receive blood supply from pair branches of facial artery. 
The lips serve many functions that are accomplished as 
a result of their unique anatomy, especially the sphincteric 
muscle anatomy. . The lips are necessary for speech, 
facial expression, and eating. The etiology of most lip 
defects is tumors or trauma. Lip tumors are either 
congenital or acquired. Congenital tumors are most often 
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vascular malformations and hemangiomas. Acquired 
tumors are usually basal cell carcinoma in the upper lip 
and squamous cell carcinoma in the more sun-exposed 
lower lip. The lesion involving up to half of lower lip can 
be excised and closed primarily. The advised margin for 
lip lesion is 5 mm as compare to intraoral lesion which 
require 2 cm. The first report of a wedge excision of a lip 
lesion with direct suture repair was by Louis in 1768. 
The local flaps required to close defects larger than one 
half. Options to close defect more than ½ and less than 
2/3 of lower lip defect are Abbe, Estlander and 
Karapandzic flap 5,6. The flap width should be 
approximately one half of the width of the excised tissue. 
The major disadvantages of the flap are the necessity of 
two stages, the intervening risk of the patient injuring the 
flap by opening the mouth widely, and the relative 
microstomia it creates. Aligning the mucocutaneous 
junction should be the first step of the skin closure. The 
lesions involving from two thirds to the entire lip are best 
reconstructed by using adjacent cheek tissue. If the lower 
lip defect is centered in the midline, the Webster 
modification of the Bernard-Burrow repair is used. The 
Gate flap used If defect completely involving lower lip 7 

where as we used Karapendzic flap used on right side 
and remaining part of lower lip left side advance medially 
to prepared lower lip. 
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Case Report 

Distal Transfer of Tibial Tuberosity in Lateral Patella Instability with Patella 
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ABSTRACT 

Patellar instability is a commonly misdiagnosed condition but is an important cause of disability in young sports 
persons. Delay in diagnosis can result in end of the career of a sports person. Additionally delayed diagnosis resulting 
in recurrent episodes of instability is a cause of irreversible damage to the knee joint. We present a case of 19 year 
male who was an elite kabaddi player who presented with bilateral knee pain and was diagnosed to be suffering from 
patella instability. 

INTRODUCTION 

Lateral patellar instability is a problem that frequently 
affects young, active people. There are numerous 
anatomic contributors to patellar instability, including 
trochlear dysplasia , patella alta, increased tibial tubercle– 
trochlear groove (TT–TG) distance, injury to the medial 
patellofemoral ligament (MPFL) and abnormal patellar 
tilt1-8 . Of all the causes, patella alta had been an 
underappreciated cause of patellar instability and has been 
often missed resulting in prolonged disability. We present 

CASE REPORT 

A 19 year old boy, elite kabaddi player presented to our 
clinic with the complaint of bilateral knee pain and history 
of repeated falls for the last 9 years. On clinical 
examination all the ligaments of the knee and the menisci 
for found to be unremarkable. The apprehension test was 
positive for lateral patellar dislocation on right knee. Xray 
and MRI of the right knee was done which showed patella 
alta - insall salvati ratio of 1.8 and Caton-Deschamps 
index 1.4 (> 1.2 is abnormal). Patient was advised 
correction of patella alta with distal transfer of tibial 
tuberosity. Distal transfer of tibial tuberosity was done 
which was stabilized with three interfragmentary screws. 
Full weight bearing was started next day and quadriceps 
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strengthening was also started. Patient was followed 3 
weeks, 6 weeks, 3 months and 6 months after the surgery. 
Now patient is not having any patella instability or knee 
pain and is able to play the game. 

SURGICAL TECHNIQUE 

Surgery was performed with the patient in the supine 
position with a tourniquet in place. The surgical procedure 
included distalization of the tibial tubercle.Alongitudinal 
Para median incision was given from the inferomedial 
patellar border extending 6 cm below the tibial tubercle 
and the medial and lateral borders of the tendon were 
visualized. Three 2.5-mm drill holes were made. The tibial 
tubercle was osteotomized as a 6.5-cm bone block 
approximately 10 mm in thickness. The bone block was 
then distalized 10 mm with a goal of achieving a Caton-
Deschamps index of 1 and fixed with three 3.5mm cortical 
screws. 

DISCUSSION 

Traditionally an underappreciated contributor to patellar 
instability, patella alta has been noted to be present in 
nearly one-quarter of patients with lateral patellar 
instability2. Additionally, it has been noted that patients 
with reccurrent patella instability treated either 
nonoperatively6 or isolated MPFL reconstruction9 still had 
lateral patella instability because of undiagnosed patella 
alta. The reason for the association between patella alta 
and lateral patellar instability is not entirely clear and is 
likely multifactorial. Patella alta has been shown to cause 
decreased contact between the patella and trochlea10-12 . 
This effect, in association with dysplasia of the trochlea, 
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Fig 1 & 2 : X-rays of both knee showing patella ALTA 

Fig 3. MRI showing lateral patella subluxation 

leads to decreased resistance to lateral translation of the 
patella in these patients13-14 . 

This report assesses results of treatment for patella 
alta in skeletally mature patients with lateral patellar 
instability. Patients undergoing treatment for lateral 
patellar instability should undergo a careful assessment 
of their anatomy with attention to all predisposing factors 
for dislocation15. Those with significant patella alta16 

should be considered for tibial tubercle distalization as a 
part of their treatment plan. It is important to note that 
tibial tubercle distalization is not indicated to restore 
patellar stability in the absence of patellar alta and could 
result in symptomatic patella infra. A recent study in the 
literature showed perfect patellar stability in 77% of 
patients treated with distalization / medialization of the 
tibial tubercle but did not clearly define the criteria used 
for this assessment17. Similar study in the literature showed 
no recurrent dislocations in a group of 15 patients treated 

with tibial tubercle distalization18. Another study of 63 
knees with 6-year follow up reported good results with 
tibial tubercle medialization in all cases and distalization 
in 90% of cases treated for lateral patellar instability19. 
There are several other studies in the literature supporting 
good results with treatment of patella alta20. 

So distal transfer of tibial tuberosity may be considered 
for and as only treatment of lateral patellar instability if 
there is associated patella alta as majority of cases 
recover only with distalisation of tibial tuberosity. 
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INTRODUCTION 

Uterus rupture may seriously contribute to feto-maternal 
morbidity.1,2 Women who undergo trial of vaginal birth 
after cesarean delivery are at risk of uterus rupture with 
a reported incidence of upto 1%3. However 
uterine rupture and concomitant injury to the 
urinary bladder is very rare and only 25 cases of have 
been reported in literature.4,5 Association of bladder injury 
with uterus rupture increases maternal morbidity in the 
form of prolonged surgical time, more post operative 
complications, prolonged hospital stay and long term 
consequences of genitourinary complications. 

We hereby report a case of rupture of a uterine scar 
with concomitant severe injury to the urinary bladder 
during second stage of labor. 

CASE REPORT 

A 25-year-old lady, gravida 3 para 2, at 38+2 weeks period 
of gestation presented to our labor room in labor pains 
with bleeding per vaginam. The first pregnancy had 
resulted in a normal vaginal delivery. Her second delivery 
was cesarean section for non progress of labor at 38 
weeks of gestation, the type of uterine incision was 
unknown. She again conceived three years later and 
received regular antepartum examinations at a local 
obstetrics clinic. At 38+4 weeks of gestation, she went 
into spontaneous labor after leakage and was kept for 
trial of labor. After 12 hours of labor pains she was 
referred to our institute in view of bleeding per vaginam 
and fetal distress. On admission patient was dehydrated, 
with maternal pulse rate of 94 per minute. Her blood 
pressure was 106/70 mmHg. On abdominal examination 
her uterus had regular contractions with relaxation, there 
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was no scar tenderness and fetal heart rate was 160-180 
bpm. On vaginal examination liquor was blood stained, 
cervix was fully dilated, presenting part was vertex at 0 
station with fetal sutures in transverse position, grade 2 
moulding and caput was present. Her pelvis was average 
gynaecoid and adequate for the baby. Patient was 
catheterized and urine was blood stained. She was 
planned for emergency cesarean delivery for deep 
transverse arrest. 

At the time of exploratory laparotomy, on entering 
the peritoneal cavity bloody ascites was found. Urinary 
bladder was adherent to upper segment of the uterus. 
Urinary bladder had a huge midline rent involving superior, 
anterior and posterior surface (Fig 1). Anterior and 
posterior walls were torn upto bladder neck. The rent of 
the posterior wall was running right across the trigone 
upto bladder neck very close to the right utero-vescical 
junction. There was dehiscence of uterine scar with fetal 
shoulder visualized through it. Baby and placenta were 
delivered in usual manner. She delivered a healthy male 
baby weighing 2,900 g with Apgar scores of 6 and 8 at 1 
and 5 minutes, respectively. Uterus was repaired in layers. 
Bilateral ureters were catheterized and suprapubic 
catheter was secured. Subsequently urinary bladder was 

Fig 1. Ruptured urinary bladder 
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Fig 2. . Layered urinary bladder repair 

repaired in layers (Fig 2). Postoperatively patient received 
4 units of whole blood and 2 units of fresh frozen plasma 
transfusion. Patient stayed in intensive care unit for two 
days. Left and right ureteric feeding tubes were removed 
on day 10 and day 12 respectively. So far patient is 
recovering well in postoperative period. 

DISCUSSION 

Uterine rupture is the primary adverse outcome of vaginal 
birth after cesarean delivery. This event is largely 
unpredictable, and is associated with significant maternal 
(transfusion, hysterectomy, and intraoperative 
complications) and neonatal morbidity. Studies suggest 
that there may be a small increase in the risk of uterine 
rupture when labor stimulation occurs. Landon et al 
reported increase in the risk of uterine rupture by 2 to 3 
fold after labor augmentation, without prostaglandins.6 

Committee on obstetric practice fromACOG opines that 
in appropriately counseled patients with a single prior 
cesarean, labor induction, or augmentation is a reasonable 
option.7 Despite the guarded recommendation for vaginal 
birth after cesarean delivery and very specific candidate 
selection, uterus rupture is a commonly reported obstetric 
complication in developing world where practices like 
home delivery, unsupervised births, and unavailability of 
medical services are quite common. In these 
circumstances, because of interplay of confounding 
factors, injury to organs adjacent to uterus e.g. urinary 
bladder, urethra, cervix, and vagina occur along with 
rupture uterus. We have reported a case of uterus 
rupture with concomitant bladder rupture during an 
attempt of trial of vaginal birth after cesarean delivery. 
Our patient had spontaneous labor pains and labor pains 
were not augmented. Approximately 50% of reported 

cases of uterus & bladder rupture had received labor 
augmentation.5 

In these patients, rupture results from traumatic 
separation of the dense adhesions between the uterus 
and bladder during labor. Uterus rupture can present as 
abdominal pain, change in uterine contour, cessation of 
uterine contractions, intrapartum non-reassuring fetal 
heart tracing, vaginal bleeding, non descent / loss of the 
presenting part on pelvic examination, and even maternal 
shock.8-11 Gross hematuria is the most common sign of 
uterine rupture associated with bladder rupture. Other 
rare presentations such as vernixuria, meconium stained 
urine, urinary incontinence induced by vesicouterine 
fistulas, fever, and urinary tract infections have also been 
reported.12-15 The signs and symptoms directly correlate 
with the time of bladder rupture. If bladder rupture occurs 
during intrapartum period, amniotic content can appear 
in the urine through a communication between the uterus 
and bladder. In cases of suspicion in postpartum period, 
cystoscopy can help in identifying the bleeding source 
and possible bladder and uterine rupture. In our patient 
mother was hemodynamically stable. Uterus was having 
regular contractions with adequate relaxation. There was 
no fetal distress and no sign of scar dehiscence, though 
vaginal examination revealed bleeding per vaginam and 
hematuria on urinary bladder catheterization. 

With the possibility of uterus rupture ± bladder rupture, 
main treatment stays surgical exploration. On laparotomy 
surgical defects in uterus and bladder can be restored to 
normal anatomy. Restoration of the bladder anatomy 
prolongs surgical time. After bladder repair, normally, 
patient needs multiple draining catheters (ureteric 
catheters & suprapubic catheters for bladder quiescence, 
abdominal drain) for few days. Patient also requires 
specialized nursing care for the same. Conclusively, 
patient’s quality of life and morbidity increases. 
Additionally patient might require blood transfusion 
during surgical procedure. Our patient stayed in intensive 
care unit for 15 days. There is no role of expectant 
management in such cases as this approach might result 
in poor healing, which in turn could lead to the formation 
of vesicouterine fistulas. 

The morbidity associated with uterine and bladder 
rupture can be avoided / reduced with few changes in 
management policies in terms of 

1. Precise selection of patients for trial of vaginal 
birth after cesarean delivery 
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2. Strict antenatal follow-up 

3. Planned admission and counseling 

4. Vigilant intrapartum management 

Firstly, patient selection for trail of vaginal birth after 
cesarean section should be selective. Risk factors in 
relation to uterine rupture during a trial of labor should be 
identified: a classic uterine incision, induction with 
prostaglandins, single-layer closure of a prior uterine 
incision, an interpregnancy interval < 18 months, and a 
prior preterm cesarean delivery.16 

Secondly, patients should be closely followed for 
antenatal checkup as cases have been reported to have 
uterine rupture with bladder involvement during 
midtrimester.13,17 Sonographic measurement of thickness 
of the lower uterine segment in third trimester, measured 
by transabdominal or transvaginal sonography, can be 
used for possibility of uterine rupture during labor. This 
measurement can be used in addition to the criteria issued 
by theACOG to evaluate the risk of simultaneous uterine 
and urinary bladder rupture.7,18 

Thirdly, we feel that pregnant women with previous 
cesarean delivery should be instructed to have planned 
admission around expected time of planned delivery. 
By this approach we can reduce the chances of 
unsupervised labor monitoring and possibility of late 
detection of uterine / bladder rupture. In addition to uterine 
rupture, the possibility of bladder injury should be included 
in the patient’s antepartum counseling for VBAC. 

Lastly, during labor pains, if required, labor 
augmentation should be titrated to the uterine contractions 
using least dosage of oxytocin. During this period there 
should be close observation of signs / symptoms which 
hint towards possibility of uterine and bladder rupture in 
a very initial phase. 

CONCLUSION 

Bladder and uterine rupture should be considered as a 
potential obstetric complication in cases planned for 
vaginal birth after cesarean delivery. 
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Klippel Trenaunay Weber syndrome- A Classical neglected case 
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ABSTRACT 

Odontogenic myxoma is a a slow growing, locally invasive, nonmetastasizing neoplasm of the jaws. In this article, we 
present a case of odontogenic myxoma occurring in the left maxilla of a 22 year-old otherwise healthy young adult. 
This case report presents the rarity of fibromyxoma of maxilla, and the importance of a meticulous enucleation in 
order to prevent recurrence. 

INTRODUCTION 

Klippel-Trenaunay syndrome is rare congenital vascular 
disorder which affects one or both limbs. Its incidence 
being about 2-5 in 1,00,000. The cause of this condition 
is unknown. It is generally a sporadic condition, although 
paradominant inheritance pattern has been suggested. 
Patients generally present in the first decade of life. It 
affects males more than females. It was first stated by 
French physicians Klippel and Trenaunay in 1900.They 
termed the syndrome “nevus vasculosus 
osteohypertrophicus”.1 Park Weber in 1907 termed the 
same condition as hemangiectatic hypertrophy. Klippel 
Trenaunay syndrome is congenital circulatory disorder 
having cutaneous capillary angioma, bone and soft tissue 
hypertrophy and varicose veins. Several theories have 
been postulated to describe its pathogenesis. Management 
of this syndrome includes careful diagnosis, prevention 
and treatment of complications. Here is a case report of 
a neglected KT syndrome showing the classical triad. 

CASE REPORT 

Male patient, 30 years old presented to us with complaints 
of dilated veins over outer aspect of left limb since birth. 
Dilatation over his limb aggravated on standing and 
walking and relieved on lying down or raising his limb. Fig 1. Clinical picture showing both limbs. Left limb is Involved while 

right one is normal. 
On clinical examination cutaneous hyper pigmentation 

with raised margins (port wine stains) was seen on outer seen on his left lower leg. The differences between both 

aspect of his left limb extending from mid-thigh to mid- limb measurements were striking as Length 33 inches/ 

calf region (figures 1, 2). Multiple varicose veins were 35 inches, Calf girth 31 cm/39 cm, mid-thigh girth 41 cm/ 
48 cm in right and left lower limb respectively, showing 
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Fig 2. Clinical photograph of left lower limb shows port wine stains 
over the lateral aspect of left lower limb extending from mid thigh to 
mid calf region(red arrow). Multiple varicose veins are seen on his 
left lower leg (blue arrow). There is increase girth of involved limb. 

Fig 3. Sagittal TIRM (3A), coronal T1W (3B) and axial T2W (3C) MR 
images showing hypertrophy of soft tissues of left leg displaying 
heterogeneous signals hyper intense on T2 and hypo intense on 
T1WIs. Multiple abnormal vascular channels (thin white arrow) with 
T2 hyper intensities & T1 hypo intensities suggestive of varicosities 
are seen within soft tissue of all compartments,subcutaneous tissues 
and in muscular planes. 

Cortical thickening was also noted in left lower tibia 
(figures 4,5). Doppler sonography revealed multiple 
abnormal dilated venous channels within subcutaneous 
& intramuscular planes in left leg predominantly in lateral 
aspect with dilated perforator in popliteal region  & 
associated hypertrophy of soft tissue of left leg with 
incompetent left sapheno femoral and popliteal junctions. 
Magnetic resonance imaging of left lower limb was 

Fig 4. Antero-posterior (A) and Lateral(B) radiographs showing 
bony outgrowth from upper end of tibia and deformed fibula along 
with areas of cortical irregularity and thickening with marrow 
sclerosis. 

performed which revealed marked hypertrophy of soft 
tissues of left leg (figure 3). The hypertrophied soft tissue 
showed heterogeneous signals hyper intense on T2WIs. 
Multiple abnormal vascular channels with T2 hyper 
intensities & T1 hypo intensities suggestive of varicosities 
were seen within soft tissue of all compartments involving 
subcutaneous and muscular planes. Pressure effect over 
the underlying bones tibia & fibula with focal areas of 
sclerosis & bone edema in shaft of left fibula mainly in 
lower half was also seen. On the basis of above triad of 
port wine stain, limb hypertrophy and lateral varicosity 
diagnosis of Klippel Trenaunay Weber syndrome was 
made. The patient was treated conservatively by elastic 
compression stockings. He was advised to keep the limb 
elevated where possible and yearly follow up. 

DISCUSSION 

Klippel -Trenaunay syndrome is a sporadic mesodermal 
abnormality. Angio-ostoehypertrophy syndrome is the 
other name of klippel-trenaunay syndrome. It consists of 
combined vascular malformations of capillary, venous and 
lymphatic type, varicosities of unusual distribution and 
limb enlargement. Presenting age is at birth or during 
early infancy or childhood. The lower limb is involved in 
about 95% and upper limb involvement is seen in 5%. 
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Fig 5. Antero-posterior Radiographs showing bony hypertrophy of 
Tibia along with deformity and cortical irregularity of the Fibula. 

First presentation is capillary haemangioma which has 
distinct linear border often seen on lateral aspect of limb 
and has deep violet color. It may be limited to skin or 
extend deep to subcutaneous tissue including muscle and 
bone.2 It is often unilateral and segmented, never crossing 
the midline. It increases in proportion to the child’s growth 
and may involve any part of the body, although face and 
cervical region are the most commonly affected areas. 
Lesions may be light pink in infancy and become 
progressively darker (dark red) as the child ages. In 
addition patient also develops varicose veins which are 
often seen at birth as large superficial vein extending from 
lower leg all the way to buttocks. They may be extensive, 
though they spare the saphenous distribution. Varicose 
veins result from damage of defective valves. These 
areas may remain stable or enlarge gradually, causing 
pain, lymph edema, thrombophlebitis, and ulcers. 
Arteriovenous fistulas, a feature that distinguish klippel-
trenaunay syndrome from Park Weber syndrome is rarely 
found in affected extremity. 

Limb hypertrophy can be secondary to increased 
length and/or increased girth. It may begin by affecting 
the digits only and cause macrodactyly, syndactyly, 
polydactyly or oligodactyly. An increase in limb girth may 
be the only feature where soft tissues rather than bones 

are predominantly affected. Limb lengthening may 
present initially as gait disturbance. Rarely, the affected 
limb may show atrophy rather than hypertrophy.3 Other 
features which might be seen are spina bifida, hypospadias, 
hyperhidrosis, hypertrichosis, paresthesia, decalcification 
of affected bone, chronic venous insufficiency, dermatitis, 
poor wound healing, and venous ulceration. 

Imaging plays an important role in the diagnosis and 
ongoing evaluation of KTS. On the plain radiograph bone 
elongation, soft tissue thickening, extensive dilatation of 
superficial veins and segmental absence or hypoplasia of 
deep venous system may be found. Magnetic Resonance 
Imaging [MR] may reveal hypo intense on T1 and hyper 
intense signals on T2 which suggests clear delineation of 
venous and lymphatic malformation.MR is also useful 
for studying the extensions of lesions and relationship to 
adjacent organ and structure.4 MR venography revealed 
the evidence of superficial varicosities, enlarged 
perforating veins and absent or hypoplastic deep veins. 
To distinguish it from Park Weber syndrome angiography 
is necessary. 

Treatment may include surgery, sclerotherapy and 
compression therapy. Graduated compression garments 
help to reduce the effect of chronic venous insufficiency 
in the affected limb. Intermittent pneumatic compression 
pumps may also be used to the same effect. Cellulitis 
and thrombophlebitis can be managed with antibiotics, 
limb elevation, analgesia and corticosteroids. Prophylactic 
aspirin ± anticoagulants may be used in those who have 
recurrent thrombophlebitis or before surgery Different 
types of surgical intervention include vein ligation, vein 
stripping, vein resection and amputation.5,6 
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Case Report 

Odontogenic Fibromyxoma of Maxilla:A Rare Case Report 

Author 
Designation 
Department 

ABSTRACT 

Odontogenic myxoma is a a slow growing, locally invasive, nonmetastasizing neoplasm of the jaws. In this article, we 
present a case of odontogenic myxoma occurring in the left maxilla of a 22 year-old otherwise healthy young adult. 
This case report presents the rarity of fibromyxoma of maxilla, and the importance of a meticulous enucleation in 
order to prevent recurrence. 

INTRODUCTION 

Odontogenic myxomas are locally invasive, 
nonmetastasizing neoplasms of the jaws, almost 
exclusively seen in tooth-bearing areas.1, 2 It is a slow 
growing tumour consisting of an accumulation of mucoid 
ground substance with little collagen, the amount of which 
determines if it is a fibromyxoma. Myxomas in general 
represent 2.3% to 17.7% of all odontogenic tumors, with 
fibromyxomas representing a small number of all 
myxomas.3 Odontogenic fibromyxoma represents a rare 
slow-growing benign neoplasm, usually occurring in the 
2nd and 3rd decades of life, rarely in children or adults 
over 50 years of age.4, 5 Main sign is the swelling of the 
affected region and the displacement of dentition, with 
pain occurring less frequently.6 Myxomas can occur 
anywhere in the jaws but have a predilection for the molar 
and premolar regions of the mandible and maxilla. Cortical 
expansion and perforation are common findings; however, 
maxillary myxomas often extend into the sinus.7 In this 
article, we present a case of odontogenic myxoma 
occurring in the left maxilla of a 22 year-old otherwise 
healthy young adult. The aim of this case report is to 
present the rarity of a fibromyxoma of the maxilla, and 
the importance of a meticulous enucleation in order to 
prevent recurrence. 

CASE REPORT 

A 22 year old male patient reported to us with the chief 
complaint of swelling over left side of the face. The 

Corresponding Author : 
Dr 

swelling had appeared one year back and had shown 
marked increase in size since the last six months, along 
with watery discharge from the left nostril and eye since 
one month. There was no associated pain, tooth mobility 
or numbness of adjacent areas. 

On examination the swelling was diffuse, extending 
superio-inferiorly from the left orbital rim to the vermillion 
border of the lip, and medio- laterally from the bridge of 
the nose to an imaginary line through the outer canthus 
of the eye. Intraorally the swelling extended mesiodistally 
from left maxillary central incisor region to left maxillary 
first molar with complete obliteration of the vesibular 
sulcus.  The overlying skin and mucosa were intact but 
showed blanching in various places. The swelling was 
bony hard, non tender and was not fixed to the overlying 
skin. There was no associated lymphadenopathy. 

The orthopantomogram revealed root displacement 
of maxillary left premolars and first molar along with 
apical resorption. Water’s view showed complete 
obliteration of the left maxillary sinus. A CT scan with 3-
D reconstruction of the maxilla revealed an expansile 
cystic mass measuring approx. 55×53×50mm reaching 
anteromedially up to the nasomaxillary suture and laterally 
up to the zygoma (Figure I). The left orbital floor and the 
hard palate were intact. 

The lesion was approached surgically through 
transoral maxillary vestibular incision. The lesion was 
exposed to its entirety (Figure II) and complete enucleation 
and curettage of the mass was carried out (Figures III 
and IV) followed by peripheral osteoectomy. Inferior nasal 
antrostomy was performed and nasal and antral packing 
was done with iodoform gauze. The histopathological 
examination of the specimen revealed randomly placed 
spindle and stellate shaped cells in an abundant myxoid 
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Fig 1. 3-D CT scan of the patient 

stroma suggestive of fibromyxoma. 

One and a half year postoperative the patient shows 
no signs of recurrence. His rehabilitation period was 
uneventful except for some minor degree of sinusitis for 
first two weeks and he gained complete function and 
aesthetics soon after surgery. 

DISCUSSION 

Odontogenic myxoma is a rare odontogenic tumour, non 
encapsulated and non metastatisizing with a potential for 
local invasion. Though there are reports showing it to be 
the second commonest odontogenic tumour in many 
countries, only 0.5 to 17.7% of them have been reported 
in Asia, Europe, and America.6 The histologic similarity 
to stellate reticulum of a developing tooth, its association 
with a missing or unerupted tooth, the presence of 
odontogenic epithelium in a minority of cases and the 
fact that it rarely appears in other parts of skeleton often 
supports its odontogenic origin. In a recent 
immunohistochemical and ultrastructural study, Moshiri 
et al. supported the notion of odontogenic origin of 
myxomas by suggesting that fibroblasts that compose the 
tooth germ undergo modification to give rise to 
odontogenic myxoma.8 

According to Dutz and Stout, the term myxoma was 
first used by Virchow in 1863, but the term fibromyxoma 
was described by Marcove et al. in 1964 who reported 
extragnathic locations of fibromyxoma.9, 10 Fibromyxoma 
is classified as a specific type of myxoma with a higher 
fibrous / myxoid tissue ratio than myxoma. In a recent 
study by Dietrich et al, the maxilla was reported to be a 

Fig 2. Full lesion excised, size being compared to a standard 5 ml 
syringe 

rare location of a fibromyxoma with only 30 cases reported 
till date.11 

The lesion can be diffused or well defined, unilocular 
or multilocular. It is characterized by a mucous or 
gelatinous grayish-white tissue that replaces the spongy 
bone and displaces the cortical plates of the jaws.1 Most 
odontogenic myxomas are first noticed as a result of a 
slowly increasing swelling or asymmetry of the affected 
jaw. Lesions are generally painless and ulceration of the 
overlying oral mucosa only occurs when the tumor 
interferes with dental occlusion. . When the maxillary 
sinus is involved, the odontogenic myxomas often fill the 
entire antrum. In severe cases, nasal obstruction or 
exopthalmus may be the leading symptoms.12 Root 
displacement and resorption may be present.1 Although 
exopthalmus was not noticed in the present case but some 
nasal obstruction in left nostril as well as displacement of 
teeth and resorption of root of teeth were evident. 

Radiographically, it is a bone destroying lesion and 
has ill defined borders. Conventional radiographs present 
varying radiographic appearances, which could be divided 
into six types as follows: Type I- unilocular; Type II-
multilocular (including honeycomb, soap bubble and tennis 
racquet patterns); Type III- involvement of local alveolar 
bone; Type IV- involvement of the maxillary sinus; Type 
V- osteolytic destruction and Type VI- a mix osteolytic 
destruction and osteogenesis.13 Radiographic examination 
in our case depicted a multilocular expansile cystic mass 
with complete obliteration of the left maxillary sinus along 
with tooth displacement and root resorption of maxillary 
left premolars and first molar. 
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Histopathological characteristics of the myxoma/ 
fibromyxoma are the hypocellularity, the presence of 
stellate, spindle-shaped cells into a loose myxoid 
extracellular matrix with cells presenting with thin, long 
cytoplasmic prolongations that give to the tissue 
characteristics of immature mesenchyme.14 In case of 
fibromyxoma, the amount of collagen in the mucoid stroma 
is more prominent. 

Pathological conditions that should be included in 
differential diagnosis are ameloblastoma, central 
haemangioma, fibrous dysplasia, odontogenic cysts, 
aneurysmal cysts, central gigantocytic granuloma, 
metastatic neoplasms etc.11 

While generally considered a slow-growing neoplasm, 
odontogenic myxomas may be infiltrative and aggressive, 
with high recurrence rates. Treatment of odontogenic 
myxomas vary from local excision, curettage or 
enucleation to radical resection. The recurrence can be 
avoided by careful complete resection of the lesion. The 
patient should be monitored for at least two years after 
the surgical intervention due to the higher rate of 
recurrence during this period.11 Myxomas/fibromyxomas 
show a recurrence rate upto 43%.1 This is strongly 
related to the nature of the lesion, presenting without a 
sheath, thus making the complete removal difficult. It is 
recommended that complete resection and peripheral 
osteotomy should be the primary mode of treatment 
depending on the size and behaviour of the tumor as well 
as age of the patient. 
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Reconstruction of oral cavity with Pactoralis major myocutaneous flap- rare 
experience 
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ABSTRACT 

The patients of head and neck cancer mostly present to the Otolaryngologist, Head and Neck surgeon in the advanced 
stages of their disease in our country. Excision of such tumors can lead to devastating cosmetic and functional deficits 
with resultant psychological, physical, and nutritional detriment. The pectoralis major myocutaneous flap has become 
established as a reliable and versatile flap for head and neck soft tissue defects of the oropharynx, oral cavity, 
hypopharynx, and skin of the neck; to augment pharyngeal repairs following salvage laryngectomy following previous 
chemoradiotherapy, and to cover carotid or jugular vein. Reconstruction with pactoralis major muscle myocutaneous 
flap is rare in our department so we feel it should be discussed. 

Key words : Pactoralis major myocutenous flap, thoracoacromian artery, cancer 

INTRODUCTION 

The patients of head and neck cancer mostly present to 
the Otolaryngologist, Head and Neck surgeon in the 
advanced stages of their disease in our country. Excision 
of such tumors can lead to devastating cosmetic and 
functional deficits with resultant psychological, physical, 
and nutritional detriment 1. Reconstruction of defects are 
demanding challenge for surgeons who aim to restore 
form and function with minimal surgical morbidityAs the 
role of adjuvant radiation and chemotherapy increases, 
reconstructive surgeons will continue to manage defects 
in irradiated fields, which may decrease the chance of 
local flap availability and increase the demand for distant 
pedicle and free flaps. 

The pectoralis major myocutaneous flap has become 
established as a reliable and versatile flap for head and 
neck soft tissue defects of the oropharynx, oral cavity, 
hypopharynx, and skin of the neck; to augment pharyngeal 
repairs following salvage laryngectomy following previous 
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chemoradiotherapy, and to cover carotid or jugular vein 
2,3 and we are discussing here our rare experience. 

CASE REPORT 

Thirty eight years male patient presented with history of 
non healing ulcer in oral cavity for the last seven months. 
The ulcer was insidious in onset, gradually progressive 
with moderate pain and occasional bleeding. The patient 
was not able to protrude his tongue. Local examination 
showed 2×2 cm ulcer over right lateral border of anterior 
2/3 of tongue which was extending toward floor of mouth 
with 2 cm surrounding induration. There was 2×2 cm 
nodular swelling in right level 1b and it seemed to be 
continuation of oral lesion. The rest of local and general 
examination was normal. The biopsy report was 
squamous cell carcinoma. The PET scan revealed 
3.5×2.2×2.6 cm heterogeneously enhancing ill-defined 
soft tissue lesion in right lateral margin of tongue with 
extension in floor of mouth (Figure 1). Mandible and 
oropharyngeal structures are not involved. In neck, there 
was enhancement at right level 1a, 1b and at level III 
nodes suggestive of metastasis. The patient was planned 
for wide local excision by midline mandibulotomy with 
modified neck dissection and pactoralis major 
myocuaneous flap for reconstruction under general 
anesthesia. Mac Fee incision with lip splitting was used 
to address neck and oral cavity (Figure 2). Midline 
mandibulotomy was done after creating hole on both sides 
for later approximation (Figure 3). The tumor was 
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Fig.1 : The PET scan heterogeneously enhancing ill-defined soft 
tissue lesion in right lateral margin of tongue with extension in floor 
of mouth and at right level 1a, 1b and at level III. 

Fig 3. showed lip splitting with midline mandibulotomy for exposure 
of oral lesion. 

removed with 2 cm margin all around with neck specimen 
in continuation. Right spinal accessory nerve and right 
internal jugular vein were preserved. The marking for 
pedicle of PMMC flap was done and it was elevated 

Fig 2 - showed marking for Mac Fee incision in neck and PMMC flap 
in chest (long black arrow extend from acromian process of clavicle 
till xiphisternum and short black arrow perpendicular to first line 
started from sterna notch) 

Fig 4 - PMMC flap reached upto oral cavity from chest via 
subcutaneous tunnel. 

with 6 cm overlying skin circumferentially (Figure 2). 
Skin was sutured with muscle to prevent shearing injury. 
The subcutaneous tunnel was created above clavicle to 
pass the flap in neck (Figure 4). The cut edges of skin 
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Fig 5 - closed wound with negative suction drain in situ.

Hitesh Verma et al : Reconstruction of oral cavity with Pactoralis major myocutaneous flap- rare experience 

Fig 5 - closed wound with negative suction drain in situ. 

were sutured with cut edges of wound. The wire was 
passed through hole to approximate cut end of mandible. 
Both neck and chest wounds were closed primarily with 
negative suction drain (figure 5). The patient was kept in 
ICU for one day. Ryles tube feeding was started along 
with I.V antibiotics and analgesics. The viability of flap 
was checked daily. Oral feeding was started on 7th post 
operative day and suture removal was done on 10th post 
operative day. The biopsy report showed squamous cell 
carcinoma with resection limit free and nodal involvement. 
The patient is under treatment with radiotherapy 
department. 

DISCUSSION 

Cancers of the tongue and floor of mouth are the most 
common tumor of oral cavity with predominance in men 
in their fifth and sixth decades of life. Squamous cell 
carcinoma is most common histological type of oral 
cancers. Regional pedicled flaps and free flaps are used 
to reconstruct oral cavity defects caused by tumor 
ablation. The pectoralis major myocutaneous pedicled flap 
(PMMPF) is considered the workhorse of pedicled flaps 
for head and neck reconstruction 3. The flap may be 
employed either as a muscular or musculocutaneous flap, 
with or without the 4th or 5th ribs. The upper limits are 
generally considered the zygomatic arch area externally 
and the superior tonsillar pole internally. The PMMC flap 
was first described by Aryan4. 

The advantages of PMMC flap are one-stage 
reconstruction, position need not be changed, large 
cutaneous island and muscular part covers neck 
structures. The drawback are conceal recurrences, 
making follow-up in the neck area more complicated, 
breast asymmetry in females, hirsute chest skin intraorally, 
loss of muscle function and contour deformities5. 
Contraindications for PMMC flap are large defect, very 
obese patient, prior chest trauma or chest wall surgery 
and congenital absence of muscle. 

This muscle originates from the anterior aspect of 
the medial half of the clavicle; from the anterior surface 
of the sternum; from the cartilages of all the true ribs 
and from the aponeurosis of the abdominal external 
oblique muscle. The muscle fibers converge toward its 
insertion on the lateral lip of bicipital groove on humerus. 
The pectoralis major flap is an axial flap and is based 
primarily on the pectoral branch of the thoracoacromial 
artery and its accompanying veins. The thraco acromial 
artery is a branch of the first division of axillary artery, 
which is continuation of the subclavian artery.Additional 
blood supply arises medially from the internal mammary 
artery, and laterally from the long thoracic artery which 
arise from second division of axillary artery 6. 

To harvest the flap, the patient is placed in a supine 
position with the chest exposed and prepped up to the 
midline, and inferiorly to the costal margin as in our case. 
The surface markings of the vascular pedicle are 
determined by drawing a line from the shoulder to the 
xiphisternum and another vertical line perpendicular to 
first line from sternum. The pedicle run from junction of 
lateral 1/3 and medial 2/3 of clavicle and join surface 
marking of 1st line distal to cut made by 2nd line. The 
skin is incised around the skin paddle, and the dissection 
is extended onto the surface of the pectoralis major 
muscle. The skin paddle is tacked to the underlying 
pectoralis major muscle with a few sutures so as to 
minimize the risk of shearing injury to the myocutaneous 
perforators. An incision is extended laterally from the 
peripheral margin of the skin paddle along the 
anterior axillary fold, which corresponds with 
lateral margin of pactoralis major. Now muscle is 
separate from its attachment on ribs and sternum. The 
dissection is in between pactoralis major and pectoralis 
minor with preservation of vascular pedicle. The flap is 
passed in neck via wide subcutaneous tunnel created 
above clavicle. The donor side is closed primarily or with 
skin graft. 
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Reconstruction with PMMC flap is rare in our 
department so we feel it should be discuss. 
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