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Abstract

Background In most accidents causing
smoke inhalation only a few victims
actually inhale the smoke. The fire at
King’s Cross provided an opportunity to
assess the long term effects of smoke

inhalation in a larger number of
patients.
Methods Fourteen survivors from the

King’s Cross underground station fire
were assessed for respiratory disability
six months after the disaster and 10 were
reassessed at two years. All had inhaled
substantial quantities of smoke and 10
had skin burns of differing severity.
Results Six months after the fire nine
survivors admitted to one or more
symptoms, which included hoarseness
(two cases), cough (five cases), and
breathlessness (six cases); and a survivor
with asthma noted a worsening of his
symptoms. The remaining five denied
new symptoms. Peak expiratory flow,
spirometric indices, and transfer factor
for carbon monoxide were within the
predicted normal ranges. The mean
residual volume, however, was greater
than the predicted value and the mean
maximum expiratory flow at 25% of vital
capacity (V,;) less than predicted, with
no significant difference between smokers
(n =7) and non-smokers (n = 7). At
least one of these ventilatory defects,
suggesting small airways obstruction,
was present in 11 survivors at six months
and they had persisted in the seven
patients who were reassessed at two
years.

Conclusion Smoke inhalation may be
associated with injury to the small air-
ways.

Smoke inhalation is a major immediate cause
of morbidity and mortality in victims of fire
tragedies.' > Although the acute effects are well
documented,’ relatively little is known of the
long term effects on the respiratory tract.
Much of the information available is confined
to firemen, in whom smoke inhalation is an
occupational hazard*’ and, although the
evidence is conflicting, long term respiratory
disability is generally assumed to be rare.

We describe findings from a long term
follow up study of survivors from the under-
ground station fire at King’s Cross, London,
which occurred on 18 November 1987. Some
survivors from the fire were taken to hospital
with skin burns and the effects of smoke

inhalation. Fourteen were assessed for res-
piratory disability six months after the dis-
aster and 10 were reassessed at two years.

Survivors

After the King’s Cross fire a fund was set up
for the victims and their families. Victims
were identified from police and hospital lists
and from letters received from people affected
in any way by the fire. There were 31 fatalities
at the scene of the fire and a further 27 people
are known to have been injured. Fifteen of
this latter group suffered from smoke inhala-
tion; three required assisted ventilation and
one died in hospital. The remaining 14
survivors with a history of smoke inhalation
were referred for assessment.

In the study group of 14 survivors (11 men)
seven were non-smokers and seven smokers.
The mean age was 36 with a range of 21-55
years. One patient had mild asthma before the
fire and two had a history of angina, one of
whom had a history suggesting obstructive
sleep apnoea related to obesity. The remain-
ing 11 had no important medical history.

Methods of assessment

All 14 survivors were assessed six to seven
months after the fire and 10 were reassessed at
20-25 months. At the initial assessment each
was asked to give details of their involvement in
the fire and of the events immediately after-
wards. They were asked specifically about their
respiratory and laryngeal symptoms before and
after the fire; breathlessness was graded on the
basis of the Medical Research Council (MRC)
questionnaire.® Two survivors who had
smoked heavily before the fire admitted to some
exertional breathlessness (MRC grade 2), and
one non-smoker had asthma. All were exam-
ined by one of two doctors (PJMG or RFA),
particular attention being paid to abnormalities
of the respiratory system and to the extent and
site of burns.

Dynamic lung volumes were assessed by
flow-volume loop analysis (Gould Pulmo-
graph), values from the best of three consistent
loops being used. Static lung volumes were
measured by whole body plethysmography.
Transfer factor for carbon monoxide (TLcCO)
was measured by the single breath technique
(PK Morgan Ltd) with the simultaneous
measurement of alveolar volume by helium to
calculate the transfer coefficient (Kco). The
observed values were compared with predicted
values from Cotes’ and expressed as standard-
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Table 1 Details of smoke inhalation, burns, and symptoms six months and two years after the fire for smokers and non-smokers

Smoking Approximate

history inhalation Inpatient Symptoms Breathlessness (MRC grade)
(pack time stay
Age (y) Sex years) (min) Burns (days) 6 mo 2yi Before 6 mo 2y}
SMOKERS
55 M 35 540 Legs 6 Productive cough Unchanged 2 2 2
21 F 3 20 Face 84*+ Hoarse voice Unchanged 1 4 2
Chest wall
Limbs
51 M 8 180 None 1 Dry cough Unchanged 1 5 5
36 M 15 1 Face 35 None None 1 1 1
Scalp
Hands
38 M 40 120 None 0 Dry cough Unchanged 1 1 1
33 M 25 30 None 1 None — 1 1 —
41 F 12 120 None 0 None Productive cough 2 2 2
Approximate Symptoms Breathlessness (MRC grade)
inhalation Inpatient
Age (y) Sex time (min) Burns stay (days) 6 mo 2yt Before 6 mo 2yt
NON-SMOKERS
32 M 4 Face 35 None Productive cough 1 2 1
Hands
34 M 60 Nose 1 None — 1 1 —
34 M 10 Face 180 Dry cough — 1 1 —
Hands Hoarse voice
Buttocks
28 M 1 Face 84* None Productive cough 1 2 1
Hands
Buttocks
29 F 8 Face 42 None None 1 3 2
Hands
41 M 2 Face 0 None — 1 1 —
Hands
27 M 15 Face 0 Dry cough Unchanged 1 2 1
Neck Worsening of
Hands asthma

*Patient was intubated. tPatient developed the adult respiratory distress syndrome. {Dashes indicate missing data.

ised residuals (SRs)" on the two occasions to
allow for the range of values found in a
reference population (1:96 SRs = 95% con-
fidenceintervals). SRs were obtained as follows:

observed value — predicted value
residual standard deviation

Standardised residual =

Values for the residual standard deviation were
taken from summary equations derived by a
working party of the European Coal and Steel
Community."

STATISTICAL ANALYSIS

Change with time in indices of lung function
within patients was assessed by the paired
Student’s ¢ test, and comparisons between
groups by the unpaired Student’s ¢ test.

Results

Details of smoke inhalation, skin burns, and
symptoms after the fire are given in table 1 for
the 14 survivors assessed at six months and the
10 reassessed at two years.

EXPOSURE TO THE FIRE

Five survivors had been rescuers during the
fire; two were firemen, one a policeman, and two
British Rail employees. The remainder were
passengers using the underground. The esti-
mated duration of smoke inhalation ranged
from one minute to nine hours (mean 80

minutes). The rescuers tended to have longer
periods of exposure to smoke, though the
duration could not be recalled with confidence.
The duration of smoke exposure was not
thought to bear a close relation to severity as
some survivors with relatively long exposures
had been able to take refuge in side rooms in the
underground station and so avoid the most
dense smoke. Nine survivors had skin burns; in
seven these were limited to their faces and
hands, but two had more extensive burns that
included the face.

HOSPITAL ATTENDANCE

Thirteen of the survivors attended a hospital
after the fire. Two were discharged from the
accident and emergency department and 11
admitted for periods ranging from 24 hours
(three cases) to more than six months (one
case). The main reason for hospital admission
was for the management of burns. Two re-
quired endotracheal intubation for laryngeal
oedema caused by thermal injury; one was
extubated after 24 hours, and the other re-
quired ventilation for 24 days as a result of the
adult respiratory distress syndrome.

SYMPTOMS

Most survivors had cough, hoarseness, and
varying degrees of breathlessness immediately
after the fire. Although there was a gradual
improvement, nine survivors were troubled by
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Table 2 Mean (SD) indices of respiratory function in survivors of the King’s Cross underground station fire

Six months after fire Two years after firet
Smokers (n=7) Non-smokers (n=7) Smokers (n=6) Non-smokers (n=4)
FVC() 423 (1-27) 5-06 (0-66) 3-89 (0-74) 454 (0-63)
[3-92 (1-06)] [477 (0-70)]
TLC() 6-61 (1-78) 7-30 (0-99) 6-41 (1-42) 6:72 (1-03)
[6:21 (1-57)] [6-68 (0-67)]
FRC(l) 321 (1-18) 3-68 (0-55) 333 (1-20) 336 (0-49)
[2:99 (1-12)] [3-45 (0-52)]
RV (1) 251 (1-05) 232 (0-61) 251 (1-08) 249 (0-86)
[2-:31 (0-99)] [1-99 (0-56)]
RV/TLC (%) 3561 (9-31) 31-80 (7-29) 3817 (12-32) 3275 (7-23)
[34-62 (9-78)] [30-24 (9-72)]
FEV, (I/s) 324 (0-72) 393 (0-36) 3-08 (0-25) 369 (0-36)
[3-39 (0-33)] [3-80 (0-44)]
FEV,/FVC (%) 7827 (8-56) 78-16 (6-80) 7434 (8-62) 8150 (5-32)
[80-06 (6-92)1** (80-28 (6-75)]
PEF (I/min) 571 (134) 630 (82) 465 (73) 526 97)
) [619 (86)]** [627 (96)]
Vo (Ifs) 3-89 (1-06) 405 (0-96) 323 (1-11) 3-80 (1-55)
. [4-17 (1-03)] [424 (1-12)]
Vs (Ufs) 1-11 (0-38) 1-50 (0-43) 097 (0-61) 1-51 (0-62)
[1-18 (0-41)) [1-45 (0-52)]
TrLco (mmol/kPa/s) 9-41 (2-47) 11-36 (2-58) 973 (1-70) 11-56 (3-46)
[8-64 (1-53)]* [10-52 (3-32)]
Kco (mmol/kPa/lfs) 1-72 (0-32) 1-89 (0-34) 1-87 (0-30) 2-:02 (0-45)
[1-66 (0-30)]* [1-86 (0-43)]

*p < 0-005; **p < 0-001 (paired Student’s ¢ test).

tMean values obtained at six months in 10 of the 14 survivors who attended both assessments are given in square brackets to

illustrate change with time.

FVC—forced vital capacity; TLC—total lung capacity; FRC—functional residual capacity; RV—residual volume; FEV,—forced
expiratory volume in one second; PEF—peak expiratory flow; V,, V,,—flow at 50% and 25% of vital capacity; TLco—carbon

monoxide transfer factor; Kco—transfer coefficient.

one or more of these symptoms when assessed
at six months (table 1).

Of the 10 survivors reassessed at two years,
eight had symptoms. Although breathlessness
had improved in most cases, cough had become
more troublesome. Four volunteered that they
had become particularly prone to chest infec-
tions and had required repeated courses of
antibiotics. One noticed that his sputum was
streaked with blood with each infection; al-
though bronchiectasis was suspected, it was
not confirmed by high resolution computed
tomography.

The patient with asthma complained of
worsening asthmatic symptoms after the fire; at
both the six month and the two year assessment
he said that his bronchodilator consumption
had increased from one inhaler of salbutamol a
month to one a week.

RESPIRATORY FUNCTION TESTS

Mean values for each index of lung function are
given in table 2. As the data at six months and
two years are not strictly comparable, as four of
the survivors did not attend at two years,
changes with time were evaluated on the data
from survivors who attended both assessments.
No significant changes were observed in the
non-smoking group. There was a significant
decline in mean PEF and mean forced expira-
tory volume (FEV,)/forced vital capacity
(FVC) ratio and a significant increase in mean
TLco and Kco in the smoking group between
the two visits. These indices remained within
their predicted normal ranges, however.

Mean values for peak expiratory flow,
spirometric indices, TLco, and Kco lay within
the 95% confidence intervals of predicted
values in both smokers and non-smokers at six
months and two years (figure). Although mean

values for FEV, and FVC were lower in
smokers than non-smokers, the differences were
not significant.

The most abnormal lung function indices
were residual volume (RV) and maximum
expiratory flow at 25% of vital capacity (V,s).
Mean RV lay above the upper 95% confidence
limit and mean V,; lay below the lower 95%
confidence limit of the predicted values in both
smokers and non-smokers. At least one of these
ventilatory defects was present in 11 survivors
at six months and in the seven reassessed at two
years.

The two survivors who developed laryngeal
oedema requiring endotracheal intubation had
no evidence of inspiratory flow limitation. The
patient who developed the adult respiratory
distress syndrome had values for all indices of
lung function that were within the normal
range at six months and two years. No relation-
ship appeared to exist between the estimated
duration of smoke inhalation and the subse-
quent symptoms or abnormalities of res-
piratory function of the survivors, though their
recollection of both the duration and the
severity of smoke inhalation was extremely
poor.

Discussion

Studies on the effects of smoke inhalation have
produced inconsistent results. Although acute
reductions in FEV, have been documented
immediately after firefighting,'?'® evidence of
impaired lung function was not found in fire-
men assessed one month after an episode of
severe smoke inhalation.! Severe and persistent
respiratory disability has been observed in a
fireman, however, who inhaled smoke when his
air supply ran out, and evidence of small
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airways disease has been found in some non-
smoking firemen with long histories of fire-
fighting.’

In a prospective study of Boston firefighters
an excessive decline in spirometric indices was
observed after one year® but not after six years.’
Changes in the use of breathing apparatus and
the retirement or transfer of firemen to other
duties within the fire service were suggested as
possible explanations for these discrepant find-
ings.” Possibly damage to the small airways
escaped detection as measurements of res-
piratory function were limited to spirometry.

Although fewer studies have been conducted
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on the long term effects of accidental smoke
inhalation, the findings are also inconsistent.
No evidence of long term functional impair-
ment was found in 27 patients convalescing
from burns,'* whereas other studies have
reported airflow obstruction immediately after
smoke inhalation,'”'® with gradual resolution
over months.'® There are case reports of per-
sistent structural and functional abnormalities
of the respiratory tract after thermal injuries
and smoke inhalation, including stenoses of
the trachea'” and bronchial tree,'® bronchiec-
tasis,'”'® obliterative bronchiolitis,’** and
small airways disease unresponsive to cortico-
steroid treatment.?!

The King’s Cross fire provided a rare oppor-
tunity to study the effects of inhalation of smoke
from a common source in a relatively large
number of victims. The enclosed space of the
underground station probably increased the
amount of smoke inhaled, which accounted for
all fatalities in the booking hall of the station.
Anti-graffiti paint and varnish on the escalators,
balustrades, and advertising panels of the sta-
tion contained a polyurethane base that would
have generated cyanide gas and other toxic
products of combustion.” Precise information
on the particulate and gaseous components of
the smoke could not be obtained and the
duration and severity of smoke exposure could
not be quantified accurately.

As in other studies of accidental smoke
inhalation, control data with which to compare
these survivors’ lung function measurements
are not reaily available. Our results have been
compared with predicted normal values and
expressed in terms of standardised residuals to
allow for the changes that would occur over the
time course of the study.'

The pattern of ventilatory abnormality that
emerged in both the smoking and the non-
smoking groups was for mean RV and V5 to be
just outside the upper and lower 95% con-
fidence limits respectively. As flow-volume loop
analysis and measurements of carbon mon-
oxide gas transfer showed no evidence of large
airways disease or changes of emphysema, the
ventilatory defect would appear to have been
confined to the small airways. In the absence of
baseline lung function data, we cannot assess
the effects of previous cigarette smoking and
asthma, though the similar findings in smokers
and non-smokers and the finding of similar
changes in victims from other fires®? suggest
that smoke inhalation made an important con-
tribution.

Symptoms in some of the survivors from the
King’s Cross fire had improved by the time of
the first assessment at six months. Victims of
accidental”'® and occupational smoke ex-
posure'?® may develop acute airflow obstruc-
tion and bronchial reactivity may be increased
immediately after an episode of smoke inhala-
tion,"”? with decline by three months.?? A
temporary increase in airway reactivity may
explain the transient symptoms described by
some of the survivors.

The finding of sustained small airways dys-
function in most of the survivors suggests that
smoke inhalation may lead to more damage to
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the respiratory tract than has previously been
recognised. The number of survivors with
abnormal lung function is small, however, and
more information on the long term effects of
smoke inhalation in victims from other fire
tragedies is now needed.
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