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oxalate, phosphate, ammonium, magnesium, or carbonate-that
is, the composition did not differ from that of stones found in
a population denying the consumption of analgesics.

It may be argued that as we have accepted renal colic and
radiotranslucent material in the urinary passages as criteria for
urinary stone formation, a number of patients may have been
included whose renal colic and radiological appearances were
due to necrotic papillae (Lindholm, 1960). However, all female
patients in the " heavy " analgesic group had radiological
evidence of calcified material in the urinary tract. While
papillary debris may have been initially responsible for the
calcification, this does not seem to us a good reason for not
calling this material a " stone."

Summary

Forty-five of a series of 266 patients with renal calculi gave a
history of heavy consumption of analgesics. A mechanism is
suggested for the association between the two conditions.

Prolonged consumption of analgesics with calcification of
necrotic papillary material should be included among the causes
of renal calculi.

Drs. F. C. Neale, F. Jennis, and J. T. Wright are hereby thanked
for their help in the investigation of these patients.

This study was supported by the Postgraduate Medical Founda-
tion, the University of Sydney, the N.S.W. State Cancer Council,
and the Edanros Research Foundation Inc., New York.
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Lyell's Toxic Epidermal Necrolysis: A Staphylococcal Aetiology?

J. JEFFERSON,* M.D.

Brit. med. JI., 1967, ?, 802-804

When Lyell (1956) first described toxic epidermal necrolysis
few reports of cases showing any similarity to the disease had
appeared. Subsequent series described only a few cases; but,
nevertheless, these reports indicate that the disease has a
widespread distribution, that it is not uncommon, and that
it is important to recognize it-since the average fatality rate has
been at least 20%.

Since Lyell's original description-which has not been
bettered-little has been added to descriptions of the clinical
or histological features of the condition. In particular I have
found his subtitle of " An eruption resembling scalding of the
skin " most apt, especially his emphasis on the absence of exuda-
tion and shock. Many observers have suggested a drug reaction
in the aetiology of the condition, especially in adults, though
infection has also been implicated by others (Beare, 1962). Holzel
and Jacobs (1966) and Tyson et al. (1966) have suggested that
haemolytic staphylococci may be concerned, and my own
findings support this view.

Patients Studied

Between 1956 and 1967 31 children have been seen with the
features of Lyell's toxic epidermal necrolysis (see Table). Some
of the characteristics of the condition are discussed below.

Clinical Course

The disease starts as a localized lesion, followed by a sudden,
widespread erythema and exfoliation of the skin with a period

of critical illness lasting for some two to seven days. This
is succeeded by a dramatic change in which the tenderness
disappears, temperature subsides, and the patient is no longer
ill. This moment is unmistakable and is highly reminiscent of
the crisis previously associated with pneumonia.

All 31 cases occurred before the age of 10 ; of the 13 affected
in the first year of life, seven were aged 4 weeks or under,
the youngest patient developing the disease some 48 hours after
birth. The disease was fatal in a 3-day-old child, though six
other neonates made a complete recovey and some of the most
severe cases were seen in the older children.
Of the total of 31 patients 18 were boys-while of the 13

patients under 1 year old nine were boys.
Complications were uncommon and included moderate

respiratory infections (6 cases), dysuria (2 cases), delirium and
muscle twitching (1 case). In this series there were no recur-
rences, and, though some of the earlier cases developed candida
infection, it was found possible to eliminate them by appropriate
nystatin cover.

Drugs

Only five children were found to have received drugs recently,
before the onset of the condition. For example, one child
(Case 1) was already suffering from juvenile dermatitis herpeti-
formis and had been treated with sulphamethoxypyridazine
(Lederkyn) for over a year with good control of her rash. On
admission, she was ill and 80% of her skin wvas affected by

* Consultant Dermatologist, Belfast City Hospital, Belfast 9.
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classical Lyell's disease-though this was diagnosed only in
retrospect. In view of reports that long-acting sulphonamides
may produce this condition, it is important to record that treat-
ment was later resumed without recurrence or any toxic effect.

Infection

The Table shows that staphylococci were isolated in all but
four instances. Originally this organism had been regarded as
a secondary invader, and it seemed unlikely that it would be
producing a new syndrome. Nevertheless, this possibility was
considered when a series of cases was seen which clearly could
not have been due to drugs. Thus Cases 4, 5, and 6 occurred
simultaneously and involved a twin brother and sister and an
older brother. Study of the course of the illness in cases seen
subsequently suggested an infective aetiology, and all patients
were treated with systemic and local antibiotics. A localized
skin focus was usually detectable clinically and could be con-
firmed by history. This focus was followed by extensive
erythema and superficial exfoliation resembling scalding. In
some cases, seen when the condition was fully established, no
distinctive primary focus could be recognized ; this, however,
was not surprising, because the original area was noted to
assume the classical denuded scalded appearance.
One patient (Case 24) was seen at a very early stage.
Case 24.-A girl aged 4 years had been off-colour for two days,

had a mild pyrexia, stinging in the eyes general irritability, and a
rash surrounding the mouth. The rash was confluent, very moist,
erythematous, and covered in yellow crusts. The rest of the skin
was normal apart from minimal pinkness on the chest, and mucous
membranes were clear, though there was conjunctival infection.
Some eight hours later the child showed all the features of the
"scalded skin syndrome " with almost 75 % skin involvement.

Routine periodic phage-typing showed that all the staphylo-
cocci found in these cases belonged to group 71. The original
lesions on the limbs presented as bullous impetigo, while those
on the trunk or face presented as confluent impetigo. Never-
theless, unlike the usual case of impetigo, the latter did not
spread in a patchy manner, but were restricted to one or two
fairly sizable areas. On the face these tended to be situated
around the mouth, nostrils, or eyes. From 10 cultures out of
13 swabs taken from these primary areas Staphylococcus aureus
phage type 71 was isolated, while the three cases which were
sterile had been treated with local antibiotic before admission.
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On the other hand, swabs from the " scalded " areas were almost
invariably sterile-a finding which suggested that such lesions.
were not caused directly by staphylococci. Virological studies
also gave negative results.

Blood counts performed in eight patients were normal in
six, and showed moderate leucocytosis in two. Blood culture
in six cases was negative. At necropsy in the single fatal case
there were remarkably few abnormalities, this showing-apart
from the extensive superficial skin exfoliation-only mild con-
gestive and toxic changes in the lungs, liver, and kidney.

Treatment

Systemic corticosteroid drugs, in addition to other therapy
including antibiotics, were given in four cases, but did not seem
to produce any particular improvement. I suggest that it would
seem wiser not to use the drug. The following measures seem
likely to produce the best results:

1. Isolation and Strict Barrier Nursing.
2. Skilled and Devoted Nursing Care.-The tenderness in the skin

is extreme and presents a great challenge; these children are un-
comfortable, irritable, ill, and fearful of every approach.

3. Adequate Fluid Intake.-Though administration of fluids is
often difficult, an adequate intake must be maintained, and this was
achieved by oral administration in every case.

4. Systemic Antibiotics.-These should be given in full dosage
for age. In severe cases two drugs were administered until labora-
tory guidance was available.

5. Local Antibiotics.-Most applications were found to be suit-
able, being applied frequently to all raw areas, whether infected or
not. Treatment of carrier sites should be done as a routine and
may be important in preventing recurrence.

6. Oral Nystatin.-Appropriate cover with this was found to
prevent candida infection.

7. Sedation.--This was found to be a valuable measure, and in
younger patients antihistamines were usually adequate.

Discussion
Most cases of Lyell's toxic epidermal necrolysis due to drugs

have been described in adults (Browne and Ridge, 1961), and it
is difficult to doubt this association-especially when readmini-
stration has been shown to produce recurrence. Thus Lyell's
(1956) original four cases were adults, a drug origin being con-

Details of Cases

Case
No.

YerI
Ii Sex

1 1956 F

2 1957 F
3 1958 F
4 1958 F
5 1958 M
6 1958 M
7 1958 M
8 1958 M
9 1958 M
10 1958 M
Il 1959 M
12 1959 F
13 1959 F
14 1960 M
15 1960 M
16 1961 M
17 1961 M
18 1962 M
19 1962 M
20 1962 F
21 1963 F
22 1963 M
23 1963 M
24 1963 F
25 1964 M
26 1964 M
27 1965 AS
28 1966 F
29 1966 F
30 1966 F
31 1967 F

S = Staph. aureus (not typed).

Age

9 years

5-,
2.,

14..
i 4 .
6,,
3 days
2 years
4 weeks
1 year
9 years
8 months
2 weeks
2,.
2 -

6 years
8 months
7 ,,
month

10 days
1 year
11,,

11 months
14 years
8 months
1 year
2 years
4 ,
4 weeks
5 years
2 ,,

- Denotes sterile culture.
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Maximum Temp.

'F. C.

Culture Results

Throat Nostril Ears Perl-
neum

Site of Onset

IFace

Shoulder
Upper trunk
Face
Legs
Face
Umbilicus
Leg
Ear

Leg
Face
Hand
Face

Cs

Fac

.

.
1*

Abd~omen
Chest

IFace
,,
I.,

..

Drugs
taken before

Onset of Illness

Sudphamethoxy-
pyridazine

Tetracycline

VYit. B. complex

Tetracycline

Triple vaccine

103-8

99-8
100-2
100-4
99.4
100-4
98-0
101-8
100-4
101-8
99-0
99-0
100 0
99.4
99.4
102-0
100-0
100-4
99-8
100-0
101-6
100-0
101-2
100-0
104-4
104-2
102-4
101-4
101-0
100-0
100-8

39.9

37.7
37-9
38-0
37-4
38-0
36-7
38-8
38-0
38-8
37-2
37-2
37-8
37-4
37-4
38-9
37-8
38-0
37-7
37-8
38-7
37-8
38-4
37-8
40-2
40-1
39-1
38-6
38-3
37-8
38-2

Primary
Slkin
S

S
S

S

S

S
S

S

S
S

S

71

55/71
S

71

71
S

71
71

S

71
71
71

Eyes

SI

55/71

71
71
S

71

71

71

S

S

S
S
S

55/71

S

71

S

71

71

S

71
55/71

71
71

71

71

71

71
71

71

71
71

I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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sidered likely in one case and possible in another. Nevertheless,
it seems strange that such a specific disease pattern should
suddenly be produced by the many different drugs recorded.
As more reports appear, moreover, the incidence of cases due
to drugs seems to diminish. In the present series of cases-
the largest yet reported-it seems clear that the disease was not
a septicaemia. On the contrary, my findings suggest that it is
caused by phage-type-71 Staph. aureus, which produces a local
skin condition, together with a secondary toxaemia, comparable
to that produced by the streptococcus in scarlet fever. Possibly
the staphylococcus produces an altered, potentiated, or new
toxin, which in a non-immune person gives rise to toxic epi-
dermal necrolysis. Though a search for rashes in other members
of the household has not been made routinely, four cases were
associated with impetigo, and, recently, routine nasal swabbing
revealed phage type 71 in one parent in three different cases.
Furthermore, the simultaneous involvement of two brothers and
a sister, and the high incidence in children, would suggest an
infection in those without resistance. Again, the geographical
incidence supports infection, and a small region like Northern
Ireland, with a population of under 1,000,000, has a relatively
large number of cases, since 41 t have now been published and
the number is undoubtedly higher.

Summary
Thirty-one cases of Lyell's toxic epidermal necrolysis are

described. It is suggested that the condition starts as a local
skin infection, followed by an extensive erythema and superficial
exfoliation resembling scalding. This critical period of illness

is succeeded by the sudden onset of recovery, reminiscent of
the crisis course formerly seen in cases of pneumonia.
Death occurred in a 3-day-old infant, but all other patients

recovered completely without recurrence.
The primary skin lesion was found to be caused by phage-

type-71 Staphylococcus aureus, and it is postulated that the
"'scalded skin syndrome" is due to a unique toxic effect of
this organism. Thus, while a drug or other cause may be
considered, a search for this organism is indicated in all cases.

Treatment consists of skilled nursing together with the
administration of antibiotics, systemic and topical; cortico-
steroid drugs are not indicated.

I am grateful to Dr. C. Field (consultant paediatrician) for
inviting me to see several cases under his care, and for referring
some cases to my unit. I am also indebted to Dr. F. F. Kane
(consultant physician, Northern Ireland Fever Hospital) for allowing
me to have details of Cases 4, 5, and 6. My thanks are also due
to Mrs. Landau (senior scientific officer of the hospital laboratory)
for her enthusiastic co-operation regarding bacteriology and phage-
typing in these cases. Since results are largely dependent on skilled
and devoted nursing, I am particularly grateful to the nursing staff,
and especially to Sister Adams and Staff Nurse Burton. Finally, I
am greatly indebted to my senior secretary, Mrs. McKnight.

t Ten reported by Beare (1962).
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Laboratory and Pharmacological Studies in Man with Hetacillin
and Ampicillin

R. SUTHERLAND,* B.SC.; 0. P. W. ROBINSON,* M.B., B.S.

Brit. med. 7, 1967, 2, 804-808

Hetacillin is the generic name for 6-(2,2-dimethyl-5-oxo-4-
phenyl-l-imidazolidinyl)penicillanic acid, which is prepared by
the reaction of ampicillin with acetone (Hardcastle et al., 1966)
(Fig. 1). The antibacterial spectrum of hetacillin has not been
reported in detail, but Bunn et al. (1966) have stated that
hetacillin has essentially the same spectrum of activity in vitro
as ampicillin. Absorption and excretion studies with hetacillin
in man have been reported by Bunn et al. (1966) and by Tuano
et al. (1966). The results of clinical trials with hetacillin were
reported at the Sixth Interscience Conference on Antimicrobial

/S\ /CH3
CH.CO. NH.CH-CH C CH3

l | CH3 +
Co

NH2 CO-N-CH. COOH CH3

AMPICILLIN ACETONE

CH-CO

/S CH3
NH N-CH-CH C

I CH3 + H20
/ NCO-c CH. COOH
CH3 CH3

HETACILLIN

FIG. 1.-Structure of hetacillin.

Agents and Chemotherapy (Philadelphia, U.S.A., 1966-pro-
ceedings in press).
The experiments reported here were designed to investigate

the hydrolysis of hetacillin to ampicillin in vitro and in man,
and to compare the antibacterial activities, and the absorption
and excretion in man, of hetacillin and ampicillin.

Hydrolysis of Hetacillin to Ampicillin

In aqueous solution hetacillin hydrolyses to form ampicillin
and acetone. The formation of ampicillin was demonstrated
by thin-layer chromatography as described by Hardcastle et al.
(1966). The formation of acetone was demonstrated by gas
chromatography. Fig. 2 shows the rate of hydrolysis of heta-
cillin to ampicillin at 370 C. in aqueous solution at pH 7.
Under these conditions hydrolysis of hetacillin was rapid, so
that within 15 minutes at 370 C. more than 50% of an aqueous
solution of 1 mg. of hetacillin per ml. in M/40 phosphate
buffer, pH 7, had hydrolysed to ampicillin, and at the end of
60 minutes there was virtually no unchanged hetacillin in
solution. The rate of hydrolysis under acid conditions (pH 2)
was less rapid, but after 60 minutes there was about 50%
conversion of hetacillin to ampicillin.

Beecham Research Laboratories, Betchworth, Surrey.
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