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intravascular coagulation and the Waterhouse-Friderichsen syndrome.
In a clinico-pathological study of 13 children who died with Waterhouse-Friderichsen
syndrome, there were deposits of fibrin in many organs, especially the adrenal glands
and the kidneys. This finding supports the hypothesis that disseminated
intravascular coagulation (DIC) occurs in this syndrome. The exact role that DIC
plays has not been defined; though it probably contributes to the severe shock and
the widespread haemorrhages; the adrenal haemorrhages appear not to be due
directly to DIC. The presence of DIC in the Waterhouse-Friderichsen syndrome
suggests that heparin should be a logical form of treatment.

The Waterhouse-Friderichsen (W-F) syndrome
is a clinico-pathological entity consisting of (a) the
sudden onset of a rapidly progressive illness,
(b) shock, (c) cyanosis, (d) a petechial rash, (e) death,
usually within 24 hours, and (f) haemorrhages in
both adrenal glands. Waterhouse (1911) described
one case and reviewed the published reports, and
Friderichsen (1918) described two cases and re-
viewed the literature. Neither of these reports
added anything of significance to the full descrip-
tion of the syndrome by Little in 1901, who des-
cribed it in 4 children and reviewed 7 other cases.
ANeisseria meningitidis is the organism most frequent-
ly isolated in this disease (Maclagan and Cooke,
1916; Bamatter, 1934; Banks and McCartney,
1943) but other organisms have also been found.
One of the main problems in this syndrome is the

explanation of the fulminating course of the
disease with irreversible shock. In spite of treat-
ment with sulphonamides, antibiotics, and steroids,
the prognosis is still extremely poor (May, 1960).
It has been suggested that disseminated intravascu-
lar coagulation (DIC) is responsible for the haemor-
rhages, particularly in the skin and adrenal
glands, and for the severe shock and cyanosis
(Margaretten and McAdams, 1958; Stuber and
Hitzig, 1961; McKay, 1965).
The clinical and pathological findings in 13

children with this syndrome are presented. The
presence of fibrin thrombi in many organs supports
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the concept that DIC occurs, but the adrenal
haemorrhages are probably due to endotoxaemia.
It is suggested that heparin should be used in the
treatment of this syndrome.

Case Reports
The clinical findings are summarized in Table I.

Cases 2, 5, and 7 had convulsions soon after the onset of
the illness. Case 8 had a splenectomy for traumatic
rupture at the age of 8. The treatments are summarized
in Table II. There was slight improvement during
treatment in Case 5, but there was no response to
treatment in any of the other cases. None of these
cases was treated with heparin. The necropsy and
microscopical findings are summarized in Table III.
In Case 1 only one paraffin block of each adrenal gland
and in Case 12 only two blocks of the left and
one of the right adrenal gland were available
for examination. In all the other cases paraffin
blocks of the whole of both glands were prepared
and serial sections examined. Sections were stained
by haemalum and eosin, Mallory's phosphotungstic
acid-haematoxylin, Giemsa, Gram-Weigert methods,
and Perls' reaction. The extent of adrenal haemorrhage
was approximately assessed from the sections (see Table
III). The adrenal haemorrhages were confined to the
cortices, often maximally at the level of the zona reti-
cularis but also involving the central part of the gland
in areas where the two layers of cortex are in apposition
and in which there is normally no medullary tissue
present. There was an apparent decrease in the number
of cortical cells within the haemorrhagic areas, the
remaining cells showing marked degenerative changes
with pyknosis of nuclei and vacuolation of cytoplasm.
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TABLE I

Clinical Findings in Waterhouse-Friderichsen Syndrome

Case Age Time in Hospital/ Temp. Blood
No. and Duration of Illness (O C) Shock Cyanosis Rash Blood Count CSF Culture

Sex (hr)

1 3 mth (F) 5*/11 41*7 + + + ND Clear Sterile
2 1 yr (M) 3*I14 ND + + + ND Clear Sterile
3 4 mth (M) BID/i ND + + + ND ND ND
4 7 wk (M) 2*/10 ND + + + ND Clear Sterile
5 7 mth (M) 7/21 39-1 + + + Hb 12 g Clear Sterile

WBC 10,000
6 8 mth (M) BID/18 ND + - + ND ND ND
7 24 yr (M) 4/7 38*9 + + + ND Clear ND
8 7 yr (F) 1*/13 38-9 + + - ND Clear ND
9 7 yr (M) BID/2 ND - + + ND ND ND
10 20 mth (M) BID/14 ND - + + ND ND ND
11 9 mth (M) 9*/14* 40-8 + + + Hb 10 g, Clear N. meningi-

WBC 6,000, tidis
platelets
140,800

12 6 yr (F) 9/17 ND + ,+ND Clear N. meningi-
tidis

13 7* mth(M) 9/33 40 + + + Hbll g Purulent ND
WBC 2,400 H. influenzae

BID = Dead on arrival in hospital; ND = Not done.

In all the glands there were varying degrees of compact
cell changes and pseudotubule formation. The only
other vascular changes apart from fibrin thrombi in the
cortical sinusoids were platelet fibrin thrombi in branches
of the central vein in Cases 2, 7, 8, and 10. There were
scattered foci of neutrophil infiltration in the cortices,
mainly in the areas of haemorrhage in Cases 7 and 13.
No organisms were seen in the adrenal glands or skin.
All of the other tissues available were examined for
deposits of fibrin by staining with PTAH (see Table
III). The deposits of fibrin in the kidneys were mainly
in the glomerular tufts (Fig. 1) and in the liver the
deposits were within the sinusoids. There was an
acute focal myocarditis in Cases 9 and 12, and acute
suppurative meningitis in Case 13. Early focal necrosis
of the liver was present in Cases 4 and 5.

Discussion
It is important to restrict the W-F syndrome to

the clinicopathological entity ofa rapidly progressive
disease of sudden onset with shock, cyanosis, a rash
that is often petechial, and which results in death
usually within 24 hours, at necropsy both adrenals
being found to be haemorrhagic. If the term
W-F syndrome is used in this way there is a fairly
uniform pattern to the pathological changes in the
adrenal glands and the other tissues. The W-F
syndrome is not a synonym merely for adrenal
haemorrhage or necrosis, which may be due to many
diverse conditions and in which the changes in the
adrenals are entirely different from those seen with
the W-F syndrome.

All the descriptions of the W-F syndrome

(Little, 1901; Waterhouse, 1911; Friderichsen,
1918; Aegerter, 1936; Stiehm and Damrosch, 1966)
have emphasized the fulminating nature of the
disease, which is well illustrated in these cases
(see Table I). The organism most commonly
found is Neisseria meningitidis (Andrewes, 1906;
Maclagan and Cooke, 1916; Bamatter, 1934;
Martland, 1944; Hardman, 1968) and only occasion-
ally have other organisms been isolated: H.
influenzae (Lindsay et al., 1941; Stuber and Hitzig,
1961), haemolytic streptococcus (Stuber and Hitzig,
1961), and the pneumococcus (Parr, Shipton, and
Holland, 1953; Grant et al., 1970). Montgomery
and Olafsson (1960) described one case occurring
with varicella. Margaretten, Nakai, and Landine
(1963) described 42 cases of adrenal haemorrhage
with septicaemia in which staphylococci, H.
influenzae, and Gram-negative bacilli were isolated.
Though they regarded these cases as having the
W-F syndrome, it is not obvious from their des-
cription that the full clinical syndrome was present.
In the present series, in only 2 out of6 cases, in which
blood cultures were examined, was N. meningitidis
isolated, and in 1 of 9 cerebrospinal fluids examined
H. influenzae was found, the CSF in the other
cases being normal.
The isolation of meningococci is often difficult.

Winkelstein et al. (1969) only found organisms in
32 of their 45 cases of meningococcal disease, and
Hardman (1968) in reviewing 1,200 cases of menin-
gococcal infection found that in nearly 25% the
organism was not isolated. Though it is possible
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TAB

Treatment of the Waterhoz

Treatment Case I Case 2 Case 3 Case 4 Case 5

Intravenous fluids Normal saline Glucose saline Nil Nil Nil
Steroids Hydrocortisone 100 mg i.v. Hydrocortisone 200 mg Nil Hydrocortisone 100 mg Hydrocortisone 50 ml

l.v. i.v. s.m.
Chemotherapy Penicillin, sulphadimidine, Sulphadiazine i.v.; Nil Chloramphenicol, Penicillin,

chloramphenicol penicillin penicillin sulphadimidine

Other treatment Mephentermine sulphate Metaraminol Nil Oxygen and incubator Oxygen tent,
15 mg i.v., and 15 mg i.m. phenobarbitone

that meningococci or other organisms are not
isolated for technical reasons, it may be that other
as yet unidentified organisms, possibly viruses,
could be responsible for the syndrome. Though
it is unusual to get this syndrome with meningitis
(Aegerter, 1936), it has been described with
meningococcal meningitis (Andrewes, 1906; Mac-
lagan and Cooke, 1916; Ferguson and Chapman,
1948; Hiardman, 1968) and H. influenzae menin-
gitis (Lindsay et al., 1941 and Case 13 in this series).

In all the cases in this series both adrenals were
macroscopically haemorrhagic, but histological
examination showed a variation in the amount of
adrenal cortex involved (see Table II). In some
sections there were large areas of uninvolved cortex
adjacent to areas of haemorrhage (Fig. 2). It is
important to note that the cortex alone is haemor-
rhagic and the medulla is completely spared (Fig. 2).

There have been many reports in which haemor-
rhages have been described in the medulla, and
others in which there was haemorrhage in the
centre of the gland and no medulla was seen
(Waterhouse, 1911; Maclagan and Cooke, 1916;
Aegerter, 1936; Banks and McCartney, 1943;
Ferguson and Chapman, 1948). It is probable
that in these cases there were haemorrhages in the
central part of the gland in which medullary tissue
is normally not present (Dobbie and Symington,
1966). In 10 of the present cases the whole of both
glands was examined and in none of these were
there any haemorrhages in the medulla.

In this syndrome the explanation of the severe
shock and the rapid course of the disease are the
main clinicopathological problems. For many years
it was thought that they were due to the adrenal
haemorrhages with subsequent adrenal failure

FIG. l.Case 7. Deposits of fibrin in glomnerular tufts. (Phosphotungstic acid haematoxCylin x 190.)
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ichsen Syndrome

Cases 8,
se 6 Case 7 9, 10 Case 11 Case 12 Case 13

il Dextrose saline Nil Nil Nil Plasma dextrose, saline
il Hydrocortisone 100 mg Nil Hydrocortisone 100 mg Hydrocortisone 250 mg i.v. Hydrocortisone 100 mg i.v.

i.v. (twice in 1 hr) i.v. (twice in 4 hr)
il Kanamycin Nil Penicillin Penicillin, chloramphenicol Sulphadiazine,

i.v.; sulphadiazine i.v. chloramphenicol

lil Nil Nil Nil Nil Phenobarbitone

(Maclagan and Cooke, 1916; Friderichsen, 1918;
Banks and McCartney, 1943; Cosgriff, 1944;
Nelson and Goldstein, 1951). However it has
been suggested that too much emphasis has been
placed on the role of the adrenals in this syndrome
(Aegerter, 1936; Williams, 1942; Bjorklund, 1953).
In the present series there was no correlation
between the extent of adrenal haemorrhages and
the clinical state, and there was no response to
treatment with steroids. These findings support
the idea that acute adrenal failure plays little part
in the production of this syndrome (May, 1960;
Symington, 1969). It has been suggested that the
severe 'irreversible' shock, adrenal and other
haemorrhages found are due to DIC (Margaretten
and McAdams, 1958; Stuber and Hitzig, 1961;
McKay, 1965). DIC is due to the in vivo activation

of clotting mechanisms and may produce profound
shock, a haemorrhagic state, and the deposition of
fibrin thrombi in many organs (Hjort and Rapaport,
1965; McKay, 1965). The presence of fibrin
thrombi in many organs in this series (Table III)
supports the concept that DIC occurs, but the
exact role that it plays in the pathogenesis of the
syndrome is not clear. The main cause of this
difficulty is that in this syndrome it has been claimed
that DIC is due to endotoxaemia (Hjort and
Rapaport, 1965) and it is difficult to assess which
effects are due to endotoxaemia alone and which to
the concurrent DIC. Margaretten and McAdams
(1958), McKay (1965), and Hjort and Rapaport
(1965) have thought that blockage of the adrenal
cortical sinusoids, which occurs with DIC, caused
the adrenal haemorrhage. However, the histo-

G >-; 4G ^ #,

FIG. 2.-Case 2. Adrenal gland with haemorrhage in area of cortex at the top of the photograph; the medulla in
the middle, and the area of cortex at the bottom arefree of haemorrhage. ( x 9.)
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TABLE III

Necropsy Findings

Adrenal Glands

Case Cortical Fibrin Sites of Deposits of Fibrin Haemorrhages Other Organs Examined
No. Haemorrhage Thrombi in Microscopically

Right/Left (%) Sinusoids

1 25/25 _ Lung Skin,* ileum,* thymus Thymus
2 90/90 + Kidneys, liver, skin Skin, liver, stomach Spleen, lungs, brain
3 80/80 + Kidneys Skin, lungs Heart, liver
4 50/80 + Kidneys, liver, lungs Skin* Spleen, oesophagus, thymus,

brain
5 80/70 + Kidneys, liver, brain, skin Skin, liver, brain, spleen Lung, thymus
6 40/40 + Liver, spleen, trachea, skin Skin, kidneys, heart Lung
7 60/60 + Kidneys, liver, brain, Skin* Spleen

pancreas, thymus
8 75/60 + Kidneys Liver, pancreas, lymph node
9 75/60 + Kidneys, liver, spleen, lungs, Skin Heart, lymph node,

skin, brain diaphragm
10 80/90 + Kidneys, brain Skin* Liver, lung, spleen
11 90/80 + Kidneys, liver, brain, skin Skin, heart Lungs, spleen, thymus,

testes, lymph node
12 60/50 + Kidneys, liver, pituitary Skin,* lungs Heart, spleen, thymus, bone

marrow
13 90/90 + Kidneys, liver, jejunum, Skin Bladder, testes

stomach, lymph node,
pancreas, lungs, tongue,
brain, skin

*Not examined microscopically.

logical evidence in this series is against this hypo-
thesis; thus there is no apparent correlation between
the extent of cortical haemorrhages and the distri-
bution of the sinusoidal thrombi, there are many
areas in which there are few fibrin thrombi, and
there are fibrin thrombi in the sinusoids in the
non-haemorrhagic cortices. Levin and Cluff
(1965), from their experimental studies, suggested
that the adrenal haemorrhages in humans with
W-F syndrome were due to the direct action of
endotoxin on the 'stressed' adrenal cortex. The
presence of degenerate cortical cells in the areas of
haemorrhage, and the changes of stress in the
cortices (compact cells and pseudotubules) in these
cases support their hypothesis. The presence of
fibrin thrombi in the sinusoid in the adrenals could
be coincidental, and though it is due to DIC, it is
not the cause of the adrenal haemorrhages. As it
has been shown that heparin prevents DIC occur-
ring in animals (Good and Thomas, 1953) and will
prevent its spread in man (Merskey et al., 1964;
Corrigan, Ray, and May, 1968), the observation
that heparin is of therapeutic value in the W-F
syndrome (Abildgaard et al., 1967; McGehee,
Rapaport, and Hjort, 1967; Corrigan et al., 1968;
Winkelstein et al., 1969) could be used as further
evidence that the syndrome is due to DIC.
Furthermore, it is appropriate to emphasize the
practical importance of the possible therapeutic

value of heparin in this syndrome. Heparin should
be used in addition to other therapeutic procedures
in patients with suspected W-F syndrome in which
DIC is thought to be occurring. While there
are debatable theoretical arguments against the
use of cortisone in the W-F syndrome if it is due
to DIC (May, 1960; Stuber and Hitzig, 1961), the
use of this hormone in conjunction with heparin is
to be encouraged.

In this series of cases with the W-F syndrome
there is strong evidence that DIC occurs. Treat-
ment of this complication with heparin should
lead to an improvement in the prognosis of this
usually fatal syndrome.

I wish to thank the physicians under whose care these
patients were admitted to hospital for allowing me to
use their clinical notes; and Mr. R. S. Barnett for the
photomicrographs.
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