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Long term morbidity in survivors of the 1984 Bhopal gas leak

P. CULLINAN, S. D. ACQUILLA, V. R. DHARA

ABSTRACT
Background. The extent and nature of long term health

sequelae among survivors of the Bhopal gas disaster are not
known. In 1994 an International Medical Commission was set
up with the aim of assessing respiratory, neurological and
other health effects attributable to gas exposure.

Methods. An epidemiological survey of a representative
sample of gas-exposed inhabitants of Bhopal was conducted
in January 1994; for reference, a group of unexposed persons
in the same city were surveyed. Questionnaires regarding
health and exposure were administered to 474 persons, and
a random sample (n=76) were subjected to respiratory and
neurological testing. Responses to the questionnaire and the
results of clinical testing were analysed according to a measure
of individual gas exposure.

Results. A large number of subjects reported general health
problems (exposed v. unexposed; 94% v. 52%) and episodes
offever (7.5/year v. 2.5/year); adverse outcome of pregnancy
(e.g. still-births, 9% v. 4%) and respiratory symptoms (81% v.
38%), with a strong gradient by exposure category. This was
not accounted for by differences in smoking, and was consistent
with the results of spirometric testing. Neurological and
psychiatric symptoms were reported more frequently by
subjects in high exposure categories and the results of
neurological examination and testing tended to confirm this
finding. Ophthalmic symptoms demonstrated a similarpattem.
Although a number of other symptoms were reported (with the
possible exception of gastrointestinal disease), there was no
clear evidence of other organ system damage attributable to
gas exposure.

Conclusion. The gradient of reported symptoms and clinical
test results with estimates of exposure among these survivors
of the gas leak suggests that a proportion of their current
respiratory and neurological disease was due to gas exposure.
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INTRODUCTION
Most of the immediate mortality following the Bhopal gas leak in
1984 has been attributed to direct, irritative toxicity to the lower
respiratory tract and consequent hypoxia; I in addition, corneal
inflammation and scarring has been recognized.' Among those
who survived, the extent of permanent damage to the respiratory
and ocular systems and the possibility of damage to other organ
systems is less well understood. As part of the International
Medical Commission, which visited the city between II and 22
January 1994, we designed an epidemiological study to investigate
these areas, with the following specific objectives:

I. To examine the existence and nature of persisting health
problems attributable to the 1984 gas leak.

2. To examine the nature of the relationship between gas exposure
and chronic respiratory and other diseases.

3. To establish a methodology for future, locally-initiated studies
of the long term health effects of the gas leak.

Bhopal is a city of approximately one million inhabitants, who
cover a wide spectrum of socio-economic conditions. Much of the
heavily exposed population, living near the Union Carbide plant
in 1984, were poor. There has been, surprisingly, little population
movement in the last ten years, but the probability of confounding
by socio-economic determinants of ill-health, and the poorly
understood distribution of gas exposure across the city complicates
any examination of the chronic effects of the gas leak. Using
available meteorological data, Singh and Ghosh attempted to
model the dispersion of the gas.' Other exposure assessments
have used geographical differences in immediate mortality rates"
resulting in crude estimates. There has been little attempt to
examine in detail their relationship to the indices of acute or
chronic morbidity.

We studied a small but representative section of the city's
current population. An essential element was the assignment of
personal exposure categories to each SUbject,and an examination
of the potential confounding effect of socio-economic variables.

METHODS
A stratified random sample of the current population of Bhopal
was surveyed; from among this population, subjects were randomly
selected and invited taundergo a series of clinical investigations.

Epidemiological survey
The population was stratified according to an estimated level of
exposure to the gas leak; for this purpose, the distance of current
residence from the Union Carbide plant was used as a crude
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measure of exposure intensity. Four 'exposure zones', each 2 Ian
wide, along a southward line from the plant were selected and
households sampled, by random number, in two wards lying on
either side of the same line within each zone. In the same way,
households in two zones which were believed not to have been
exposed in 1984 but with similar socio-economic characteristics
to the exposed areas, were selected. One of these (Mandideep)
was chosen so as to be well away from even low level exposure.
During interviews, it transpired that at least part of the other,
officially 'non-exposed' area (electoral ward 4) may in fact have
been exposed (this is discussed more fully later). A full list of the
surveyed wards is available from the authors.

From each selected household an individual was identified
using random numbers from the currently resident adults aged
between 18 and 60 years, and invited to undergo a face-to-face
interview. When the selected subject was not available for
interview, another was chosen in the same way. No available,
randomly selected subject declined to be interviewed.

Pilot testing of a standard questionnaire was conducted among
30 randomly selected residents of both exposed and non-exposed
areas of the city. The modified, final version of the questionnaire
(available on request from the authors) was administered in Hindi
by trained interviewers. It enquired into the level of gas exposure
(if any) in 1984, health status since the leak and a variety of
potentially confounding factors including socio-economic
variables. The survey was carried out over 7 days in January 1994.

CLinicaLinvestigations
Every third subject surveyed was invited to undergo a series of
clinical investigations at a local clinic; transport to the clinic and
refreshments (but no other incentives) were provided by the study
team. The following tests were conducted by trained physicians
who were not informed of the exposure status of the subjects.

PuLmonaryfunction tests. Spirometry was carried out using a
rolling seal spirometer (Ohio, 822, United States National Institute
for Occupational Safety and Health). After being instructed, the
subjects carried out three or more forced expiratory manoeuvres
at least two of which were reproducible according to criteria laid
down by the American Thoracic Society.' Measurements of
forced expiratory volume in I second (FEV1), forced vital capacity
(FVC), FEV IfFVC ratio and forced expiratory flow (FEF 25-75)'

corrected for body temperature and ambient pressure saturated
with water (BTPS), were obtained. The spirometer was calibrated
and leak checks were performed at the beginning and end of each
clinical session.

Spirometric values were expressed as proportions of expected
values using regression equations provided by Udwadia et al. 6

Values lying in the lowest quartile of the distribution of each lung
function parameter were defined as 'abnormal'.

Neurotoxicity testing. A neurological history and examination
was carried out on each subject paying particular attention to
vestibular and peripheral sensory functions. Short term memory
was assessed using the Benton test.' Fine (extrapyramidal) motor
function was assessed using a simplified testing device" and, in
addition, a blindfolded vertical drawing test was applied." In the
absence of appropriate normal values for the above tests,
comparisons were made between different exposure groups.

StatisticaL anaLysis
Analysis was carried out using the computer package Epi-info 6;
categorical variables were compared across exposure groups (see
below) by means of a Chi-squared test for linear trends.
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TimescaLe and resources. The epidemiological study was
planned in 4 days, piloted for 3 days and conducted in 7 days.
There were 13 student interviewers trained over a 3-day period
and paid for each day they worked under the supervision of a
Commission member. The members of the Commission donated
their time.

Exposure assessments and subject characteristics
Interviewed subjects. Four hundred and seventy-six persons

were interviewed; there were more females (56%) who were on an
average slightly older (mean age 37.7 years) than the 1618
residents of the sampled households (49% female, mean age 34.3
years). These differences were more marked, but remained small,
among households near the Union Carbide plant.

For the purpose of this analysis, a subject's exposure to the gas
leak was defined according to the electoral ward in which he or she
had been living in December 1984, as recorded during the
interview. Four hundred and thirty-four (91%) subjects had
remained in the same ward since 1984; of the remainder most had
moved to adjacent wards. Using the distance of the approximate
centroid of each ward from the Union Carbide plant, the electoral
wards were categorized into six groups of decreasing exposure to
the gas leak. Exposure groups A-D were defined by 2 km distance
increments; one half of group E was situated 7.2 km west and the
other half 8.8 km southeast of the factory, and group F was
situated 24 km from the plant. A summary of the electoral wards,
the distances used and their subsequent exposure groups is
obtainable from the authors. All exposure assignments were done
without knowledge of health outcomes.

In order to assess the validity of this exposure categorization,
responses to the question 'Were you exposed to the gas on the
night of the leak?' were examined according to exposure group.
All those in groups A-C, and none in group F reported gas
exposure in 1984. Nine (17%) of those in group D and 18 (22%)
in group E reported that they had not been exposed.

Information was also available for the proportion of persons
resident in the household at the time of the gas leak who had died
in 1984 ('early' deaths) or since ('late' deaths). There was a
steadily decreasing trend (p=0.006) in the proportion of household
members dying within one month of the leak from group A (1.9%)
to group F (0%). A similar trend (p=0.003) was found for deaths
from 1985 onwards.

The demographic and socio-economic characteristics of the
interviewed subjects in each exposure group are listed in Table I.

Literacy was defined as the completion of at least primary
education up to class V. Full-time employment was defined as
those working for more than 20 days in a month.

TABLEI. Selected socio-demographic characteristics of
interviewed subjects by exposure groups A-F

Literate Full-time
employment

Exposure n Mean Male Malel Malel Ever smokers
group age (%) female (%) female (%) males (%)

A 119 38 38 58/27 22/5 38
B 75 38 44 70/62 24110 15
C 72 38 36 69/30 35/4 15
D 52 37 48 8133 32/4 40
E 81 37 43 60126 37/4 31
F 75 38 62 72/32 48/4 48
ALL 474 38 44 59/34 33/5 33
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Literate women or those in full-time employment were fewer
than men. Overall, there was little consistent difference in these
variables between the exposed groups A-C and the low-exposure
group E; in the exposed group D there was a high proportion of
illiterate men and few were in full-time employment. The
proportion of subjects who were literate or in full-time employ-
ment was slightly higher in the non-exposed group F. Women in
group B, with high estimated exposure, reported a high rate of
literacy. There was a weak relationship between recorded literacy
and full-time employment; of the 215 subjects describing
themselves as literate, 49 (23%) were in full-time employment,
compared to 36 (14%) of the 261 who were not literate.

While 33% of men reported that they smoked regularly, only
two women did so. The proportion of men in groups Band C who
had smoked was low. There was no consistent pattern in current
male cigarette smoking or in the type of cooking fuel (coal/coke
or wood) used across the exposure groups.

Subjects undergoing clinical assessment. Seventy-four subjects
underwent clinical assessment; there were no important differences
in their socio-economic characteristics from those of the larger
surveyed population (Table II). The prevalence of examined
subjects who had ever been smokers was lower (16%) than in the
whole interviewed group; there was no consistent pattern across
the exposure groups. Sixty-four (86%) of those clinically assessed
reported that they had been directly exposed to the gas leak.

RESULTS
General health
A high proportion of interviewed subjects reported that they had
current health problems or had had fever in the past twelve
months. One-third were currently on prescribed medication. Of
those who reported exposure to the gas leak, 94% reported a
current health problem, and 37% were taking prescribed
medication; the corresponding proportions for unexposed subjects
were 52% and 7% respectively. For each of these variables there
was an increasing trend with increasing exposure category .Among
those reporting fever, the mean number of episodes of fever per
year decreased steadily from those in exposure group A (7.5
episodes of fever per year) to those in group F (2.9 episodes of
fever per year).

These proportions were not importantly different when subjects
reporting that they were illiterate (a crude index of low socio-
economic status) were analysed alone.

Subjects reporting ill-health were asked to list their three most
troublesome problems. Breathing difficulties were reported by a
high proportion of those with health problems in exposure groups
A-D. A wide variety of other symptoms were spread evenly
across the exposure groups.
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Pregnancy outcome
Women interviewees were asked to list pregnancies since the gas
leak; men were asked the same question regarding their wives.
The outcome of the 390 pregnancies was recorded according to
the exposure group.

There was a small decrease in the proportion of pregnancies
with a live outcome with increasing exposure group; between
group A (90%) and unexposed group F (96%) this was largely
accounted for by still-births which also showed the reverse trend,
i.e. increasing still-birth per cent from high exposure group A
(9%) to lower still-births in the unexposed group F (4%), though
the numbers were small. The outcome of pregnancies in all groups
were also examined by year. The proportion of live-births was
slightly lower (85%) for pregnancies ending within one year of
the gas leak than for subsequent pregnancies (90%); conversely,
still-births (7%) and miscarriages (7%) were more common in
pregnancies in the year than in subsequent years (7% and 1%).

Respiratory disease
Three hundred and thirty subjects (70%) reported that they had
cough, and 203 (43%) said that they usually produced phlegm.
These proportions were higher (81% and 50%) among those who
reported exposure to the gas leak, than among unexposed subjects
(38% and 22% respectively). Rates of cough, amount of phlegm
production and degree of breathlessness by exposure group are
given in Table III.

There was a trend of increasing frequency of all symptoms
with increasing exposure group; these trends remained after
stratification by reported smoking status, and were clearer among
those who had never smoked. Non-specific chest pain was reported
by 339 (72%) of those interviewed; this was more common among
those in exposure groups A-D (from 79% to 86%) than in group
E (62%) or F (37%).

The mean percentages of predicted lung function were lower
for all spirometric indices among gas-exposed subjects: the values
for FEV" FVC, FEV/FVC ratio and FEF25_15 among exposed
subjects were 97%,96%,95% and 84% compared to 106%,.99%,
102% and 106% among unexposed persons respectively. Subjects
with abnormal lung function, defined as those with values lying
in the lowest quartile of the distribution of each lung function,
were necessarily few, but were more common among high-
exposure categories (Table IV). There were no subjects with
abnormal FEF25_15 or FEV/FVC ratio among the unexposed
group (F). These findings did not change after stratification by
smoking status.

TABLE III. Respiratory symptoms among interviewed subjects by
exposure group

TABLE II. Selected socio-dernographic characteristics of examined Exposure Cough Phlegm Dyspnoea Asthma
subjects by exposure groups A-F group

Exposure n Mean Male Literate Full-time Ever smokers on level on exertion
group age (%) (%) employment males (%) (%) (%) (%) (%)

(%) (%) A 91 56 96 99 14
A 21 36 43 29 10 19 B 84 53 91 93 15
B 13 39 39 61 23 0 C 76 51 87 96 8
C 18 33 28 33 6 17 D 60 39 81 85 4
D 8 39 63 12 13 25 E 57 30 75 83 4
E 9 46 22 22 0 II F 39 23 43 50 0
F 5 27 60 100 20 20 ALL 70 43 80 86 8
ALL 74 37 39 38 II 15 P value <0.001 <0.001 <0.001 <0.001 <0.001
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TABLE IV. Number (%) of subjects with abnormal (lowest quartile)
lung function parameters, by exposure group

Exposure n FEV, FVC FEV/FVC FEF"_H
group

A 21 7(33) 6(29) 7(33) 8(38)
B 13 3(23) 3(23) 3(23) 3(23)
C 18 5(28) 5(28) 6(33) 6(33)
D 8 2(25) 3(38) 2(25) 1(13)
E 9 2(22) 2(22) 2(22) 2(22)
F 5 1(20) 1(20) 0 0
ALL 74 20 20 20 20
P values 0.486 0.841 0.233 0.092

TABLE VI. Results of neurological examination in subjects undergoing
clinical assessment

Exposure n Clinical evidence of neurological disease Short term
group memory

Central Peripheral Vestibular score (mean)
n (%) n (%) n (%)

A 24 21 (88) 20 (85) 23 (94) 1.0
B II 8 (73) 8 (73) 10 (91) 1.0
C 19 17 (90) 18 (95) 15 (79) 1.4
D 8 5 (63) 5 (73) 7 (88) 1.8
E 7 7 (100) 3 (43) 4 (57) 1.6
F 5 I (20) 1(20) I (20) 3.0
ALL 74 68 (81) 64 (76) 69 (82) 2.5
P value 0.035 0.001 <0.001

Neurological disease
A high proportion of subjects reported a wide variety of
neurological symptoms (Table V). All symptoms were reported
more frequently by those in the exposed groups; for some symptom
types there was evidence of a weak gradient across the exposure
categories.

Neurological examination of those who attended clinical
assessment (Table VI), show that a very high proportion were
judged to have clinical evidence of central, peripheral or vestibular
neurological disease; these were highest among those in exposed
groups, though there was no consistent evidence of a trend across
different exposure categories. Mean short term memory scores
(maximum 4) were lowest among those most heavily exposed,
with steadily increasing scores with decreasing exposure group.

The results of further clinical neurological assessments
demonstrated some evidence of impaired extrapyramidal function
among exposed subjects but no clear gradient across exposure
groups was noted. Exposed subjects in general were more likely
to have an abnormal vertical drawing test. Short term memory
(Benton test) was better among subjects in the unexposed group
F but again there was no clear gradient across exposure groups;

THE NATIONALMEDICAL JOURNAL OF INDIA VOL. 9, NO. I, 1996

TABLE V. Reported neurological symptoms among interviewed
subjects by exposure group

Exposure Abn Abn Faintness Headache
group smell taste

Difficulty
staying
awake

Abn
balance

A 34 49 18 83 52 80
B 31 49 21 80 55 87
C 41 46 7 89 49 73
D 25 25 23 75 46 80
E 27 31 18 75 37 71
F 12 5 8 53 23 36
ALL 29 36 16 77 44 71
P value 0.002 <0.001 0.198 <0.001 <0.001 <0.001
Abn abnormal

the gradient was clearer (though not statistically significant) when
analysis was confined to literate subjects.

Psychological symptoms
Fatigue (88%), anxiety (65%) and difficulty in concentration
(64%) were reported by a high proportion of those interviewed
(Table VII). Symptoms were more frequent among those in
exposed groups, with evidence of consistent gradients across the
separate exposure groups for all symptom types except depression.
Approximately a quarter of those in the exposed groups reported
depression. A very high proportion of those in the most exposed
groups complained of generalized fatigue.

Ophthalmic symptoms
A high proportion of interviewees reported eye problems-
defective vision and redness of the eyes were more common
among those in higher exposure categories; there was no clear
gradient for 'pain or burning' of the eyes (Table VIII).

Other symptoms
Enquiries were also made into a wide variety of other symptoms,
grouped according to organ system; those symptoms showing the
most striking gradient with exposure group are given in Table IX.
With the possible exception of gastrointestinal complaints, there
was no clear 'symptom clustering' to suggest consistent damage
to other organ systems. For many symptoms, there was no
evidence of a gradient in frequency with exposure: these included
abdominal bloating and acidity, limb or bone pains, and a variety
of genito-urinary symptoms.

DISCUSSION

This is possibly the only systematic study of late outcomes
following the 1984 gas leak in Bhopal. The methodology used,
including the sampling and assessment of the city population by
estimated exposure group, is believed to be the first of its kind in

TABLE VII. Psychological symptoms among interviewed subjects by exposure group

Exposure Nightmares/ Depression Lack of concentration! Irritability Fatigue Anxiety
group Bad memories Difficulty in decision making

A 42 26 80 33 95 66
B 44 27 69 II 95 69
C 35 21 69 I 97 74
D 40 30 64 0 85 67
E 32 24 61 0 80 65
F 20 16 35 0 71 49
ALL 36 24 64 10 88 65
p value 0.002 0.176 <0.001 <0.001 <0.001 0.022
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TABLE VIII. Self-reported eye problem among interviewed subjects TABLE IX. Other symptoms reported by interviewed subjects by
by exposure group exposure group

Exposure Eyeproblem Redness Pain!Burning Abnormal Exposure Lossof Abdominal Nausea! Joint Dry Red
group vision group appetite pain! vomiting pain skin spots!
A 98 23 47 74 (%) cramps (%) (%) (%) rash (%)

B 97 20 57 71 A 36 39 8 62 8 8
C 94 IS 33 75 B 37 60 7 72 13 13
D 79 12 35 58 C 32 54 4 71 8 II
E 88 17 51 57 D 25 54 6 67 8 4
F 60 8 31 36 E 22 39 I 40 3 4
ALL 88 17 43 63 F 16 24 0 36 0 0
p value <0.001 0.010 0.051 <0.001 ALL, 29 44 4.4 58 7 7

P value <0.001 0.015 0.004 <0.001 0.004 0.002
Bhopal; it also examined a wide variety of clinical symptoms and
linked information collected at the interview with that gained by
direct clinical examination without knowledge of exposure. With
the constraints of time, the interpretation is limited by the small
number of persons assessed, but stringent attempts were made to
ensure random selection and we believe that the findings are
representative of the surviving, exposed population of the city.

For the purpose of this report we have categorized exposure
according to the distance of a subject's 1984 home, down wind
from the Union Carbide plant. This primary measure of exposure
was chosen in view of the available meteorological evidence for
the night of 3 December 1984,3 though the validity of this has been
disputed. IIIWe attempted to validate our exposure categorization
using self-reported exposure histories and early and late death
rates. In general, these measures agreed with our exposure groups,
although there was a surprisingly high frequency of self-reported
gas exposure and a high early death rate among interviewed
subjects in group D. This area, electoral ward 4, which lies 7.2 km
west of the plant, had previously been considered to have escaped
exposure to the gas in 1984. If our findings are correct, then the
explanation for this area being an 'exposed' one may be that the
gas travelled further than had been originally thought or that the
information about local wind direction is erroneous or incomplete.

Any exposure-response relationship has, for these early
analyses, been crudely assessed using asimple 'exposure-intensity'
measure-<listance from the plant at the time of the gas leak. In
order to strengthen the assessment of a causative role for gas
exposure we examined the presence of a 'dose-response'
relationship with each of the outcomes. Other dimensions of
exposure, including duration, and modifying factors such as level-
of physical exertion during exposure and protective measures
(e.g. the presence of windows in the house, personal protection)
will be assessed in further analyses.

From the information collected at the interview, there was little
evidence of a consistent trend in measures of socio-economic
deprivation with category of exposure; this may result from our
somewhat crude assessments, but provides little justification for
a strong confounding effect of poverty on the relationship between
exposure and ill-health. Subjects in group B, a highly exposed
group, had a large proportion of 'pucca' housing and a relatively
high literacy rate; this may have had some influence on their
responses to the administered questionnaire; subjects in group D
on the other hand were more likely to report indices of low socio-
economic status. For the analyses presented here, only a preliminary
approach to the control of confounding has been attempted;
although such an influence cannot be discounted entirely, the
analyses above suggest that there is no evidence that socio-
economic factors have strongly influenced the findings. The
small number of subjects from non-exposed areas who underwent

clinical assessment makes further adjustment difficult; although
this is unlikely to have affected the physiological or functional
measurements undertaken, it may have had an important influence
on others, such as those assessing short term memory or fine
motor function.

The use of an administered questionnaire raises doubts on the
validity of responses. The clinical assessments, which in all but
part of the neurological testing, were made blind to exposure and
designed to overcome any tendencies for those with greater
exposures to report symptoms more frequently. The response rate
for the clinical assessment amongst groups A to C could be said
to be higher due to motivation amongst those most affected, but
the significant response gradients across the narrow 2 km bands
remain impressive. Even though the response rate for clinical
assessment amongst the control population was low, the subjects
were selected in an identical manner to the exposed population
and the gradient for self-reported symptoms persisted. In general,
the findings support the presence of an appreciable level of ill-
health, particularly a greater frequency of airway obstruction in
more heavily exposed persons among survivors of the gas leak.
More specifically, chronic respiratory and ophthalmic disease
were evident in a high proportion of those surveyed; respiratory
disease was only in part accounted for by cigarette smoking and
did not appear to be related to socio-economic factors. Due to
administrative difficulties, clinical assessments of persistent eye
disease have not been assessed, and may prove to be impossible.

In addition, exposed survivors reported a high frequency of
neuropsychiatric symptoms, supported in part by the findings of
the neurological tests. Very little information is available on the
effects of gas exposure on the peripheral and central nervous
systems. Frequent and persistent complaints of the gas-affected
such as aphasia, loss of memory and concentration, exhaustion,
weakness and chronic fatigue, together with evidence of cerebral
oedema and haemorrhage (Indian Council of Medical Research-
unpublished) from post-mortem examination of deceased victims
indicate the possibility of target organ toxicity leading to central
neuropathy in the surviving gas victims, although confounding
by socio-psychological factors must be considered. A further
complicating factor may be depressive illness consequent on the
disaster; such definable, disabling illness requires careful diagnosis
and appropriate and compassionate treatment. In the survivors of
the Bhopal disaster, relatively little formal attention has been paid
to tbis matter. The results of further neuro-toxicological tests are
awaited.

We have collected information on a variety of exposure and
health indices which are central to evaluating exposure-response
relationships in communities exposed to hazardous agents. In
particular, the general trend showing increasing disease with
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increasing exposure has highlighted the potential for such a
methodology in future studies of this kind. We hope this exercise
will encourage future and larger low-cost epidemiological studies
in Bhopal to provide scientifically valid information on long term
morbidity of the survivors of the disaster.
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Upper urinary tract stone analysis using X-ray diffraction:
Results from a tertiary referral centre in northern India

R. AHLAWAT, M. C. GOEL, A. ELHENCE

ABSTRACT
Background. The spectrum of urinary stone disease has

changed considerably in India from the common childhood
bladder stone to the more frequent upper tract calculi. We
analysed the gravel retrieved from the upper urinary tract using
X-ray diffraction analysis in an attempt to evaluate the
composition of the stones.

Methods. We analysed 434 upper urinary tract calculi from
May 1993 to June 1994 obtained endourologically, as well as
by extracorporeal shock wave lithotripsy and open surgery.
The stones were analysed using a Phillips compact X-ray
diffractometer (PW1840). The PC-APD software was used for
data collection and peak search. The phase matching was
done by the software using the JCPDS reference database.

Results. Oxalate stones comprised 97% of the total stones
with calcium oxalate monohydrate forming 90% and calcium
oxalate dihydrate and mixed stones forming the remainder.
Struvite stones were found in 1.4%, while uric acid and apatite
stones were less than 1%. There were no cystine calculi.
Seventy per cent of calcium oxalate monohydrate and 40%
of calcium oxalate dihydrate stones were pure. All the struvite
and apatite calculi were almost pure. Only 15% of staghorns
did not consist of oxalate. Nine of the ten stones in children
were of the calcium oxalate monohydrate variety. The stone
composition in females was similar to that in males.
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Conclusions. X-ray diffraction data indicate that urinary
stone disease in north India is different from that in the western
world. Calcium oxalate monohydrate stones predominate.
These stones are hard to break and have a different metabolic
origin from those consistinq of calcium oxalate dihydrate.
These findings might help in selecting the most appropriate
method of treatment in north India and they indicate directions
in which further metabolic studies might be planned.
Natl Med J India 1996;9:10-12

INlRODUCTION
With the dramatic upsurge of minimal invasive techniques to treat
urolithiasis by endourological means and extracorporeal shock
wave lithotripsy (ESWL), physicians seem to have lost interest in
studying stone disease. This starts with the analysis of passed
gravel' because not only does stone composition affect the
likelihood of success of medical dissolution therapy and the
choice of a particular stone retrieval procedure by the percutaneous
technique (PNL) or ESWL, 2 it also forms the basis for any therapy
to prevent recurrence.

The epidemiology of stone disease has changed worldwide.
Till recently, vesical stone disease in children was important in
Southeast Asia,' a problem which existed in eighteenth century
Europe. In India, over the last two decades, paediatric vesical
stone disease has become less common and the majority of
patients now present with upper tract urolithiasis at a later age.
Using X-ray diffraction (XRD), we analysed the gravel recovered
from the upper urinary tract in our patients to document the
composition of urinary tract stones in Indian patients.


