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Discussion

Close inquiries are always made into sudden deaths among
Finnish conscripts. Reports on the circumstances and the
possible clinical findings during the acute illness are generally
reliable. The necropsy rate was high in conscripts (9300) and
also in other young men who died suddenly in 1969-70 (8300).
Although the validity of death certificates is often questionable
in retrospective studies6-10 the high necropsy rate in this study
adds to their value.
Two of the conscripts not examined at necropsy died from

an unexpected and clinically spontaneous subarachnoid haemor-
rhage. The third died of purulent meningitis caused by Gram-
negative diplococci (Neisseria meningitis). In these cases the
cause of death was determined principally by clinical examina-
tion and lumbar puncture.

It was not possible to predict the disease that caused a
conscript's death from findings at the initial medical examina-
tion or his use of medical services during his military service.
The possibility of predicting a subarachnoid haemorrhage or an
acute coronary attack was poor. On the other hand, it might
have been possible in some cases to diagnose latent, potentially
lethal myocarditis by relatively simple methods-for example,
by taking an electrocardiogram of a conscript with an acute
infection. The high incidence of sudden deaths in the third

month of military service might have been due to the combined
effect of infection waves and strenuous exercise; exercises at that
time tended to be more strenuous than at the beginning of
service. Rules about exercise-adequate training, no strenuous
exercise immediately after a meal, no strenuous exercise in
excessive heat, adequate pauses, etc-should be observed.

Strenuous exercise might be risky for up to two weeks after
vaccination, when a latent myocardial or coronary involvement
induced by vaccination may be present. A study is in progress
to investigate whether any signs pointing to cardiac disease can
be shown after vaccination.
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Summary

An investigation into the possible role of endotoxins in
the pathogenesis of renal failure in cirrhosis and obstruc-
tive jaundice showed the two to be closely related. None
of the patients with cirrhosis who had endotoxaemia had
other evidence of Gram-negative infection at the time of
the study, and the endotoxaemia was therefore probably
due to impaired hepatic clearance of toxins normally
absorbed from the gastrointestinal tract. In contrast,
bacteriological evidence of Gram-negative infection was
found in most of the patients with obstructive jaundice
and endotoxaemia.

Introduction

Renal failure eventually develops in up to 8500 of patients with
cirrhosis' and in one series was the immediate cause of death in
11 In many of these patients renal tubular function and struc-

ture are maintained, and the lesion is therefore often referred
to as "functional renal failure." In others an acute tubular
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necrosis is found. The necrosis may have been preceded by
functional renal failure. Both varieties of renal failure may arise
spontaneously or be precipitated by major bleeding or infections.
The pathogenesis of functional renal failure is generally

thought to be an intense constriction of the renal and intrarenal
arterial vessels. This has been attributed to sequestering of blood
in the splanchnic venous circulation as a result of portal hyper-
tension, so that the arterial circulation is "underfilled." But
Ring-Larsen et al4 were unable to find an increase in renal blood
flow after successful shunt operations in six patients with
cirrhosis. Another possibility is that it is due to a circulating
renal vasoconstrictor substance. Endotoxins are potent renal
vasoconstrictors and we have previously shown a correlation
between endotoxaemia and the occurrence of renal failure in
fulminant hepatic failure.5

Renal failure is also a well-recognised complication of biliary
obstruction. One mechanism for this may be an increased renal
sensitivity to the effects of anoxia.6 Wardle has also suggested
that endotoxaemia may be important since rats readily develop
renal failure after intravenous administration of endotoxin if the
bile duct has been ligated.7 He has also reported a 25-75,
incidence of endotoxaemia in patients with biliary obstruction,
although details of renal function were not given.,
We describe here the relation between endotoxaemia and renal

failure in 45 patients with cirrhosis and 12 with obstructive
jaundice.

Patients and methods

CIRRHOSIS

Twenty-five of the 45 inpatients with cirrhosis had renal failure,
and their plasma urea and creatinine concentrations were raised
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Age Prothrombin Creatinine UrineCase and Aetiology Encephalopathy time Bilirubin Urea Creatinine clearance sodium LimulusNo Sex (grade) (seconds (,umol/1) (mmol/1) (,umol/1) (ml/min) (mmol/l) assay*
prolonged)

m

1 45 M Alcoholic cirrhosis II 14 510 42 320 4 5 + +2 43 M II 5 625 45 980 <1 35 + +3 53 F | II 10 380 43 1120 <1 45 ++4 46F ,, IV 30 410 25 670 3 4 + +5 1 50 F ,, I 7 380 10 190 18 4 + +6 31 F 16408 15 170 5 + +7 42 M ,, ,, IV 27 350 16 310 24 4 + +8 61 M ,, ,, II 12 52 45 260 3 7 + +
34 M ACH I 17 >500 13 200 39 1 + +10 62 F ACH III 7 375 15 210 <1 11 + +11 68 M ACH IV 6 20 48 1200 <1 26 + +12 62 F PBC 0 4 770 29 230 7 6 + +13 48 M Alcoholic cirrhosis II 28 162 37 270 12 5 +14 45 M ,, ,, IV 12 740 43 400 < 1 66 +15 60 M ,, ,, IV 29 505 27 650 < 1 26 +16 57 M , ,, II 7 380 30 820 4 2 +17 52 F I 7 383 32 760 4 7 +18 48 F ,, ,, IV 26 7 250 < 1 14 +19 33 F ACH I10 276 23 210 18 3 +20 51 M Cryptogenic I 4 > 200 28 170 7 4 +21 54 M I 16 620 20 340 9 9 +22 44 M Alcoholic cirrhosis I 17 920 14 160 15 423 46 F ,, I 13 920 23 360 13 10 -24 54 M ,, I 5 20 33 420 15 1 _25 31 F IV 23 916 8 320 17 10 _

ACH = Active chronic hepatitis. PBC Primary biliary cirrhosis.
* + + = strongly positive; + = weakly positive; - = negative.
Conversioni: SI to traditional units-Bilirubin: 1 .lmol/l 0058 mg/100 ml. Urea: 1 mmolj 6 mg/100 ml. Creatinine: 1 pmol/I 00113 mg/100 ml.Sodium: 1 mmol/l= 1 mEq/l.

to 48 mmol/l (289 mg/100 ml) and 1200 ,±mol/l (13 6 mg/100 ml)
respectively (see table). Values for endogenous creatinine clearance,
based on 12- or 24-hour urine collections, ranged from 39 to < 1 ml/
min. The other 20 patients had cirrhosis of similar causes to those
with renal failure (see table) and normal plasma urea and creatinine
levels (<6-7 mmol/l (40 mg/100 ml) and <120 pcmol/l (14 mg/
100 ml) respectively) with no renal failure. These 20 patients had
been admitted for investigation of liver disease (7 cases) and treatment
of ascites (6), encephalopathy (3), or gastrointestinal haemorrhage
(6, of whom 2 also had encephalopathy).
Three of the 25 patients with renal failure had evidence of a

precipitating factor-namely, gastrointestinal haemorrhage in two and
a laparotomy in the third. Only one patient (case 5) regained normal
renal function and was discharged from hospital. In the other 24
patients the plasma urea and creatinine concentrations continued to
rise until death, which occurred three days to two and a half months
later. Factors contributing to death included gastrointestinal haemor-
rhage (16 cases), pulmonary sepsis (8), peritonitis (2), and septicaemia
(2). At the time of investigation systolic arterial pressure was at least
100 mm Hg in all patients. All but one were encephalopathic and liver
function test results were invariably abnormal (see table).

Classification of renal failure-Renal failure was classified as
functional or as acute tubular necrosis on the basis of a urinary sodium
concentration of less than or greater than 12 mmol(mEq)/l respec-
tively. The validity of this classification has been shown by comparison
with measurements of urinary lysozyme concentration,9 a specific
marker of renal tubular damage. Nineteen patients had functional
renal failure and the remaining six had an acute tubular necrosis.
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FIG 1-Results of Limulus assay related to values of creatinine
clearance in patients with cirrhosis and renal failure.

Histological examination of renal tissue obtained from 15 cases a
necropsy supported such a classification.

OBSTRUCTIVE JAUNDICE

Six of the 12 patients with obstructive jaundice developed renal
failure, the first signs being seen preoperatively in three cases and
within three days of operation in the others. Maximum recorded
values for plasma urea were 26-95 mmol/l (157-572 mg/100 ml).
All six patients were deeply jaundiced (plasma bilirubin 200-560 ,umol/
1 (11-7-32-7 mg/100 ml)). The cause of the biliary obstruction was
calculi in two cases, carcinoma of the pancreas in three, and hepatic
duct carcinoma in one. The four patients with carcinoma died, as did
one with caluli (from an overwhelming candidal septicaemia). The
other patient survived after prolonged dialysis.
The six patients without renal failure had comparable plasma

bilirubin levels (150-630 .cmol/l (8-8-36-8 mg/100 ml) ), and the
jaundice was due to calculi in four cases and carcinoma of the pancreas
in the others.

LIMULUS LYSATE ASSAY

The Limulus lysate assay was performed as described,5 and all
samples were tested with the same batch of lysate. Reactions were
interpreted as strongly positive (solid gel throughout), weakly positive
(gel adherent only to wall of tube after inverting through 180°)
or negative (no gel). For measuring the reaction 0 1, 1, 2, 5, and 10 ng/
ml of standard Escherichia coli endotoxin (Difco 0111 :B4) were added
to normal plasma and gave a strongly positive reaction at a concentra-
tion of 5 ng/ml and a weakly positive one at 1 ng/ml.

Results

CIRRHOSIS

The Limulus assay gave positive results in 21 of the 25 patients with
renal failure compared with only two of the 20 with normal plasma
urea and creatinine concentrations, a highly significant difference
(P < 0-001). None of the patients with a positive reaction had clinical
evidence of infection, and both urine and blood cultures were sterile
at the time of investigation. The 21 patients with renal failure and a
positive Limulus reaction had significantly lower values for creatinine
clearance than the four with a negative reaction (mean (± SE)
8±2 ml/min and 15 ±1 ml/min respectively; P <0001), but mean
values were similar in the 12 patients with strongly positive and the
nine with weakly positive reactions (9±3 ml/min and 6±2 ml/min
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respectively). The four patients with a negative reaction each had
functional renal failure (fig 1). The one patient with renal failure who
recovered (case 5) initially had a positive reaction, but this became
negative when renal function improved. Serial assays were carried out
on up to four occasions in six patients who died, and in all of these
the reaction remained positive.
The two patients with a positive Limulus assay reaction but without

evidence of renal failure had severe hepatic encephalopathy, and both
were bleeding from gastric erosions. These were the sickest patients
in the group but both eventually recovered and left hospital, and
repeat assays had become negative before discharge.
No statistically significant relations between the results of the

Limulus assay and either the cause of the cirrhosis or individual liver
function values were found.

OBSTRUCTIVE JAUNDICE

The Limulus assay gave a strongly positive result in all of the six
patients with renal failure, four of whom also had bacteriological
evidence of Gram-negative infection: E coli in blood cultures in three,
and Klebsiella in the bile in the fourth. In the other two patients blood
cultures were sterile.
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FIG 2-Development and progression of functional renal
failure in patient with obstructive jaundice. Systolic arterial
pressure remained above 100 mm Hg.

Conversion: SI to traditional units-Urea: 1 mmol/l
6 mg/100 ml. Sodium: 1 mmol/l= 1 mEq/l.

In five of the patients the renal failure had the features of acute
tubular necrosis, the urine sodium concentration being over 35 mmol/l
in all cases. In the sixth patient the urine sodium concentration was
persistently below 5 mmol/l, and the urine:plasma osmolality ratio
was over 1 10, these being the features of functional renal failure.
There was no evidence of fluid depletion or hypotension (fig 2).
The six patients without renal failure had a negative Limulus

reaction.

Discussion

The specificity of the Limulus lysate assay for detecting
endotoxin has been criticised because of the reported occurrence
of false-positive reactions, in particular with Gram-positive
infections10 and thrombin and thromboplastins." Pure growths
of Gram-positive organisms have not, however, been associated
with positive reactions.12 Yin has recently shown that so-called

false-positives with thrombin are almost certainly due to
contamination of the preparation by endotoxin since, after the
thrombin had been made inactive by heat or extraction with
chloroform, gelation of the Limulus lysate still occurred.13
Similar results were found with thromboplastin preparations.14
Our results show that, as in fulminant hepatic failure, there

is a relation between endotoxaemia and renal failure in both
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cirrhosis and obstructive jaundice. Since the patients with
cirrhosis showed no other evidence of Gram-negative infection,
the endotoxaemia was probably due to failure of the reticulo-
endothelial cells of the liver to clear the endotoxins normally
absorbed from the gastrointestinal tract.15 16 In contrast, the
source of the endotoxaemia seemed to be a Gram-negative
infection in most of the patients with obstructive jaundice, but
even in this group there was no other evidence for infection in
two of the patients. Bile salts prevent endotoxin absorption,"7
and in obstructive jaundice these are likely to be deficient in the
bowel lumen. Increased absorption of endotoxins, together with
impaired hepatic clearance,18 might therefore account for the
endotoxaemia seen in these two patients.
Why the assay gave a negative result in four patients with

cirrhosis and renal impairment is not clear, but their values for
creatinine clearance, though reduced, were significantly higher
than in those with a positive reaction. Possibly the Limulus
assay is not sensitive enough to detect quantities of endotoxin
sufficient to cause a lesser degree of renal impairment.
The reaction of the kidney to endotoxin may vary. Early in

the course of endotoxaemia there may be an increase in renal
perfusion, a mechanism possibly mediated by the kallikrein-
bradykinin system.19 This may be a normal protective mechan-
ism, and since patients with advanced cirrhosis often have low
circulating levels of both kallikreinogen20 and bradykininogen21
they may be particularly prone to develop renal failure because
its renal vasoconstrictor effects22 will be unopposed. In other
clinical conditions, such as Gram-negative sepsis, endotoxin-
induced renal failure is often associated with acute tubular
necrosis. This has been attributed to fibrin thrombi in the
peritubular capillaries and glomeruli23 and has been likened to a
Shwartzman-type reaction.19 Although some patients with
cirrhosis in this series did have tubular necrosis, functional renal
failure was commoner. Several factors might explain the relative
rarity of tubular necrosis in cirrhosis. The number of heparin-
producing mast cells within the glomeruli is often increased,24
and this could conceivably protect against fibrin deposition.
Patients with cirrhosis also often have increased plasma fibrino-
lytic activity.25 In contrast, acute tubular necrosis was usually
found in patients with obstructive jaundice, in whom fibrino-
lysis may be impaired,26 and Wardle has reported intrarenal
fibrin deposition to accompany this lesion.8 Furthermore,
administration of antiserum to endotoxin may protect experi-
mental animals from the endotoxin-induced Shwartzman
reaction,27 and titres to the o antigen of endotoxins are often
high in cirrhosis.28 29
The finding of functional renal failure in one patient with

obstructive jaundice was of particular interest, as this has not
been reported. Since endotoxaemia was associated with both
functional renal failure and acute tubular necrosis this may be
taken as further evidence in favour of the view that these two
types of failure are but part of a single spectrum of renal
impairment. 9

If endotoxaemia is important in the pathogenesis of the renal
failure in various types of liver disease, then treatment directed
against it might improve overall survival. The polymyxin
antibiotics seem to have specific antiendotoxin properties,30
and the patient with cirrhosis in this series who recovered from
renal failure had been treated by an intravenous infusion of
polymyxin B for three days. In other cases, however, we were
not able to reverse renal failure with polymyxin B or render the
patient non-endotoxaemic as assessed by the Limulus test.
Liehr et al13 have also reported that the effect of polymyxin B on
endotoxaemia in cirrhosis is variable. Polymyxin B is unlikely
to be of any value once tubular necrosis has become established.
Unfortunately, administering intestinal antibiotics, such as
neomycin, is unlikely to be beneficial, as their bacteriocidal
action might actually increase the release of free endotoxin.

We express our thanks to Dr E T Yin, who kindly supplied the
Limulus lysate and to the department of pathology for carrying out
some of the investigations reported in this paper.
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Metronidazole and anaerobic sepsis

SUSANNAH J EYKYN, IAN PHILLIPS
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Summary

Fifty patients with anaerobic sepsis were treated with
intravenous and oral metronidazole. In 26 cases this was
combined with other antimicrobial agents. Highly
satisfactory clinical results were obtained in most
patients, though in many surgical drainage was also
essential. No side effects or thrombophlebitis were seen.
Mixed growths of anaerobic and aerobic bacteria were

isolated from all except five patients, who produced only
anaerobes. Metronidazole is the only available antimicro-
bial agent providing selective activity against anaerobic
organisms. It is effective and safe and is usually the drug
of choice for treating severe anaerobic sepsis.

Introduction

Anaerobic bacteria have always been important pathogens, but
the "anaerobic renaissance" that has occurred over the past
decade may probably be attributed to greatly improved laboratory
techniques resulting in increased isolation of these organisms.
Although isolating an anaerobe does not inevitably indicate
disease, anaerobic bacteria are clearly responsible for a wide
variety of infections and are particularly important in sepsis
associated with the genital and intestinal tracts. Some patients
with anaerobic infection can be satisfactorily treated by surgical
intervention alone, but in many appropriate chemotherapy is
required. The antimicrobial agents that are active against
anaerobic bacteria include chloramphenicol, lincomycin, and
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clindamycin, each ofwhich may cause potentially serious toxicity.
Phillips and Warren concluded that Bacteroidesfragilis is usually
also susceptible to sulphonamides, co-trimoxazole, and spectino-
mycin but there has been no clinical evaluation of the efficacy of
these drugs.' 2

Metronidazole has been used as an oral treatment for tricho-
moniasis for 16 years and has proved highly effective and safe.
It has also been used extensively in larger doses for giardiasis and
amoebiasis. Metronidazole was first used against anaerobic
infections in 1962 by Shinn3 in the treatment of acute ulcerative
gingivitis, but not until 10 years later did Tally et al report its
use in bacteroides infections.4 Since then many workers have
shown that it is clinically effective5-9 in several types of anaerobic
infection. It has also been used successfully in the chemopro-
phylaxis of infection after hysterectomy,6 appendicectomy,8 and
elective colonic surgery.'0 Until recently, however, its therapeutic
use in severely ill patients, particularly those undergoing major
abdominal surgery, was limited because no parenteral prepara-
tion was available, although a rectal preparation has been used
successfully in some patients, largely as prophylaxis.7 8 An
intravenous preparation of metronidazole is now avaiable, and
we have reviewed the results of treating anaerobic sepsis in
severely ill patients with intravenous and oral metronidazole.

Patients and methods

The decision to use metronidazole was made after consultation
between clinician and microbiologist. It was mainly given for sepsis
associated with the genital or intestinal tracts, gas gangrene, and
anaerobic bacteraemia. The presence of putrid pus together with
typical peaks of volatile fatty acids on chromatography of the pus
provided excellent and immediate evidence of anaerobic sepsis. Blood
counts and liver enzyme concentrations were regularly monitored in
all patients receiving metronidazole, and whenever possible serum
was taken for assay during treatment.
When possible metronidazole was given as the sole antimicrobial,

but in many patients other agents were also given, either for co-existing
infection of the respiratory tract or because it was considered clinically
desirable to cover aerobic as well as anaerobic bacteria. Intravenous
metronidazole was administered as a buffered, isotonic 0 5' w/v


