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INTRODUCTION
We report the results of cardiac surgery performed at Leh, Ladakh
at an elevation of 11 400 feet above mean sea level.

METHODS
Six children between 4 and 13 years of age (4 boys) were
diagnosed to have a patent ductus arteriosus (PDA). All these
children were born at an elevation of 9000–15 000 feet above
mean sea level. The diagnosis was established by clinical exami-
nation, ECG, chest X-ray, 2-D and Doppler echocardiography.
They were referred to the district hospital at Leh, Ladakh (Sonam
Norboo Memorial Hospital) in Jammu and Kashmir in northern
India, in the month of September 2003, when a medical camp was
held at this hospital. On physical examination, these children had
the classical clinical signs of a PDA. A mitral flow murmur
confirmed a large left-to-right shunt. Transthoracic echocardio-
graphic examination showed a large PDA with a left-to-right
shunt in all. Two patients had mild pulmonary hypertension. None
of them had cyanosis. However, their mean systemic arterial
saturation while breathing room air was 90% (range 89%–92%).
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None of them had any other associated cardiac anomaly. All 6
patients underwent PDA ligation in September 2003.

Five other children (1 boy) between 5 and 17 years of age, who
also had large PDAs with a large left-to-right shunt, underwent
PDA ligation in August 2004 at the same hospital. All these
children were also born at high altitude.

Surgical technique
General anaesthesia (GA) was induced with sodium thiopentone
and suxamethonium was used to facilitate intubation. GA was
maintained with oxygen (O

2
): nitrous oxide (N

2
O) 40:60 supple-

mented with vecuronium as a muscle relaxant and tramadol for
analgesia. Halothane was used to maintain controlled hypoten-
sion during ligation of the PDA.

The PDA was exposed through a limited posterolateral thora-
cotomy. Under controlled hypotension (systolic pressure between
70 and 90 mmHg) the PDA was doubly ligated with no. 2 white
braided silk. The chest was closed in layers after re-expanding the
left lung.

All children were extubated as there was no facility for elective
ventilation. Supplemental oxygen by nasal catheter was given for
a short period following transfer to the recovery room. Their
systemic oxygen saturation remained 90% on room air 2 hours
after discontinuing oxygen.

RESULTS
All the children recovered fully. There were no anaesthetic or
surgical complications. The children were discharged on the sixth
postoperative day.

Follow up

All the 6 children who underwent surgery in September 2003 were
seen by two of us in February 2004, at Leh. They underwent a
clinical examination and transthoracic echocardiography in
August 2004. None had a residual shunt across the PDA or
pulmonary hypertension.

They continued to have a systemic oxygen saturation of 90%
(89%–90%) on room air, and were asymptomatic.

DISCUSSION
Ladakh is a remote area in the Himalayan foothills. The valley
between the Zanskar and Ladakh ranges is at an elevation of
11 400 feet above mean sea level. It has the world’s highest
civilian airport at Leh.

Children in the region are born at 9000–17 000 feet above
mean sea level. PDA is a common congenital malformation in
these children. These patients have to travel through the moun-
tains by road for 2–3 days to reach Delhi or Srinagar for surgery.
Both routes are hazardous. The highways to these cities are closed
between October and March. During these months the only means
of travel is by air, which is expensive. A large majority of these
people remain in Ladakh during the harsh winter months. They are
extremely poor.

A cardiac team from the All India Institute of Medical Sciences
(AIIMS) (cardiologist and surgeon) visits Leh once a year (twice
in 2004) to evaluate, follow up and perform echocardiography.
Most patients who have undergone surgery come for follow up
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examination and echocardiography at this annual health camp at
Sonam Norboo Hospital. This district hospital is the main tertiary
care centre for the entire district. Common general surgical,
obstetric, orthopaedic and other minor surgical problems are
treated here. The existing facilities are moderate.

The need to provide an opportunity for surgical treatment of
simple cardiac problems (PDA, mitral stenosis) was considered
necessary. The hospital had the basic infrastructural facilities for
performing these operations safely. Although other surgical pro-
cedures (general, orthopaedic, etc.) are routinely performed, this
was the first time cardiac surgery was attempted.

The surgical techniques used were standard. However, the
response of these children to thoracotomy and closure of a left-to-

right shunt at that altitude was not known. This attempt demon-
strated that these procedures can be safely performed and these
children can tolerate the stress satisfactorily because they are well
adapted to hypoxaemic conditions. The physiological changes in
these children include a higher haematocrit value and lower
arterial oxygen saturation (87%–90%). Physical activity causes an
increased heart rate and tachypnoea with no significant change in
oxygen saturation. This is a normal physiological adaptation of
those living in these regions.1
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