
Activation of the L-arginine nitric oxide pathway
in severe sepsis

Trevor Duke, Mike South, Alastair Stewart

Abstract
Aims—To determine in children with sep-
sis syndrome and septic shock the time
course of nitric oxide metabolites: nitrate
and nitrite (nitrogen oxides). To deter-
mine whether serum concentrations of
nitrogen oxides distinguished those chil-
dren who died from sepsis from those who
survived; those who required prolonged
inotropic support compared with those
who did not; and whether there was any
relationship of the levels of nitrogen
oxides to markers of tissue perfusion.
Methods—Nitrogen oxides were measured
in 30 children with sepsis syndrome or
septic shock at admission, 12, 24, and 48
hours. A non-septic control group had
serum nitrogen oxides measured at ad-
mission. Markers of haemodynamics and
tissue perfusion measured were mean
arterial pressure, blood lactate, base defi-
cit, gastric intramucosal pH, and del-
taCO2 (DCO2: the diVerence between
arterial and gastric intraluminal carbon
dioxide tensions). Inotrope doses, number
of organ systems failing at 48 hours, and
outcome as survival were recorded.
Results—Children with sepsis had in-
creased nitrogen oxide concentrations at
presentation compared with a group of
non-septic controls. Children with organ
failure at 48 hours had higher serum
nitrogen oxide concentrations than those
with sepsis uncomplicated by organ fail-
ure at 48 hours. There was no diVerence in
nitrogen oxide when patients were sub-
grouped according to the receipt of ino-
tropes at 48 hours, and no association with
markers of tissue perfusion, or survival.
Conclusions—While this study shows that
nitric oxide production is increased in
sepsis in children, there was a limited
relationship with clinically important
markers of illness severity and no rela-
tionship to survival.
(Arch Dis Child 1997;76:203–209)

Keywords: sepsis; nitric oxide; nitrogen oxides; organ
system failure.

Nitric oxide (NO) has been implicated as the
major mediator of pathological vasodilatation
in sepsis and septic shock.1 Inhibition of NO
production using methylated L-arginine ana-
logues, or methylene blue, which is an inhibitor
of guanylate cyclase, has been suggested as
therapy for sepsis.2–6 While measurement of
NO in vivo is diYcult because of its short half

life, the stable products of NO oxidation:
nitrate and nitrite (nitrogen oxides), measured
in biological fluids, have been used as an indi-
cation of NO activity.7–10 High serum nitrogen
oxides have been reported to correlate with the
presence of hypotension in sepsis in children,7–9

but there is little information on the association
of nitrogen oxides and markers of tissue
perfusion, survival, and organ failure. NO−

induced vasodilatation and myocardial depres-
sion during sepsis has been proposed as
mechanisms for the perfusion failure of septic
shock,11 and reduced responsiveness to
catecholamines.12 13 If this were true children
with severely abnormal markers of poor tissue
perfusion, such as a high blood lactate and low
gastric intramucosal pH (pHi),14 and those
requiring prolonged inotropic support, may
have high concentrations of nitrogen oxides.
Finding an association between nitrogen oxide
concentrations and clinically important out-
comes may strengthen the argument for NO
modulation as a treatment for sepsis.

Aims and hypotheses
We tested the hypothesis that serum concentra-
tions of nitrogen oxides are increased in
children with sepsis, compared with a control
group of children; and that nitrogen oxide con-
centrations are higher in children who die from
sepsis compared with those who survive. We
also proposed that there would be a relation-
ship between serum nitrogen oxides and the
severity of organ system failure; and between
nitrogen oxides and prolonged inotropic sup-
port. In addition, we examined the relationship
of renal function to serum nitrogen oxides. NO
metabolites are cleared by the kidney and it has
been suggested that renal function is an impor-
tant confounding variable when interpreting
nitrate and nitrite concentrations.15

Methods and statistical analysis
This study was approved by the Ethics in
Human Research Committee of the Royal
Children’s Hospital in Melbourne, and in-
formed consent was obtained from the pa-
tients’ parents. Children were eligible for inclu-
sion in this study if they were admitted to the
intensive care unit with sepsis syndrome or
septic shock. The diagnostic criteria of Bone et
al,16 modified for children were used.17 18 The
features were clinical evidence of sepsis, with
fever (rectal temperature >38.0°C) or hypo-
thermia (<35.6°C), tachycardia (heart rate
>95th centile for age), tachypnoea (respiratory
rate >95th centile for age), hypotension (mean
arterial pressure <5th centile for age), and at

Archives of Disease in Childhood 1997;76:203–209 203

Royal Children’s
Hospital, Melbourne,
Australia: Paediatric
Intensive Care Unit
T Duke

Department of
General Paediatrics
M South

Bernard O’Brien
Institute, St Vincent’s
Hospital, Melbourne,
Australia
A Stewart

Correspondence to:
Dr Trevor Duke, Paediatric
Intensive Care Unit, Royal
Children’s Hospital,
Flemington Road, Parkville,
Victoria 3052, Australia.

Accepted 6 September 1996

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.76.3.203 on 1 M

arch 1997. D
ow

nloaded from
 

http://adc.bmj.com/


least one of the following manifestations of
inadequate organ perfusion or organ dysfunc-
tion: altered mentation, metabolic acidosis
(arterial pH <7.35 or base deficit > −5), oligu-
ria (urine output <1 ml/kg/hour), or signs of
poor peripheral perfusion (poor capillary refill,
cyanosis, or diminished peripheral circulation).
A blood culture positive for a likely pathogen,
or bacterial culture from an otherwise sterile
site, was not necessary for the diagnosis. An
immature to total granulocyte ratio of greater
than 0.2, or neutropenia, in the absence of
positive cultures and other demonstrable cause
was considered adequate for the diagnosis. We
studied consecutive patients admitted to the
intensive care unit over a 12 month period.
Blood was collected for nitrate and nitrite

assay at the time of admission and at 12, 24,
and 48 hours. Collected blood was immedi-
ately centrifuged (Megafuge 1.0, Heraeus
Sepatech, West Germany) at 4000 revolutions/
minute for 10 minutes and the separated serum
was frozen at −20°C. The assay for nitrogen
oxides was done within six weeks of the time of
collection. Nitrite was assayed by the Griess
reaction, which does not detect nitrate. Serum
nitrate was therefore converted to nitrite by
incubation of 300 µl of serum with nitrate
reductase (Boehringer Mannheim, NSW, Aus-
tralia) and NADPH (â-nicotinamide adenine
dinucleotide phosphate, reduced form, Sigma
Chemical Company, St Louis, MO, USA) for
100 minutes at 37°C. The reaction was termi-
nated by addition of zinc sulphate (1.5% w/v,
final concentration) to precipitate protein. The
sample was centrifuged at 2000 g for five min-
utes at 4°C (Sorvall microfuge) and the nitrite
was determined in the supernatant. Nitrite
concentrations were measured using the reac-
tion of the Griess reagent (1% sulfanilamide/
0.1% napthylethylenediamine dihydro-
chloride/2.5% phosphoric acid, Boehringer
Mannheim, NSW, Australia) with NO2

− form-
ing a chromophore. An aliquot of 100 µl of
sample was added to 100 µl of freshly prepared
Griess reagent in a microtitre plate. After a five
minute period to allow colour development,
the absorbance was determined in a Behring
plate reader at 570 nm. The concentration of
NO2

− was quantified by comparison with a
standard curve constructed using known con-
centrations of NO2

− (0.1–100 µmolar).
Arterial blood lactate, gastric pHi, deltaCO2

(DCO2), base deficit,mean blood pressure, and
serum creatinine were measured at the same
four time points. Lactate was measured using
an Ectachem 250 analyser (Johnson and John-
son Clinical Diagnostics, USA). Arterial blood
gases were measured with an ABL blood gas
analyser (Radiometer, Copenhagen). We used
the same method to estimate gastric pHi as
described by Krafte-Jacobs et al.19 Where
possible a Trip adult sigmoid catheter (Tono-
metrics) was inserted orogastrically. Confirma-
tion of the position of the catheter in the lumen
of the stomach was assessed radiographically.
Sterile saline (2.5 ml) was infused into the
tonometer and a period of equilibration of at
least 60 minutes was allowed. The deadspace
of 1ml of saline was aspirated and discarded,

and the remaining saline was aspirated for
analysis of carbon dioxide pressure. This was
done with an ABL blood gas analyser (Radi-
ometer Copenhagen). The gastric pHi was cal-
culated using the modified Henderson-
Hasselbalch equation. A high DCO2 has been
proposed as a more specific indicator of poor
gastrointestinal perfusion than pHi. The DCO2

was calculated by subtracting the arterial
carbon dioxide tension from the gastric intralu-
minal carbon dioxide tension, the latter of
which was measured using the tonometer. Ino-
trope doses were also recorded.
Outcome measures were mortality; the

number of organ systems failing at 48 hours
(see table 1); markers of perfusion (blood
lactate, gastric pHi, DCO2, base deficit, and
mean arterial pressure); and need for ongoing
inotropic support at 48 hours.We used the area
under the curve (AUC) for combined serum
nitrate and nitrite, as a summary measure,20 of
NO production. This was compared with the
number of organ systems failing at 48 hours
after admission, markers of perfusion, and to
mortality. The AUC for nitrogen oxides,
creatinine, and markers of perfusion failure,
were calculated by the following formula (using
nitrite as the example): AUC nitrite = 6
(admission nitrite) + 12 (12 hour nitrite) + 18
(24 hour nitrite) + 12 (48 hour nitrite) (T Byrt,
Clinical Epidemiology and Biostatistics Unit,
Royal Children’s Hospital, personal communi-
cation). Definitions of organ systems failure
were developed from the literature on age
dependent normal ranges for hae-
matological,21–23 biochemical,24 and physiologi-
cal values25; and adult definitions of organ
failure,26 adapted to paediatric practice (table
1).
For a non-septic control group we chose

children presenting for elective cardiac surgery:
the largest group of children who are admitted
to our intensive care unit. Although not strictly
normal controls, all children were free of clini-
cal and laboratory evidence of infection at the
time of surgery. For comparison with this
group we used the admission nitrogen oxide
concentration in septic and cardiac patients. In
the cardiac patients the concentration of nitro-
gen oxides was measured on blood taken
before surgery and prior to exposure to nitrate
containing drugs. Many cardiac patients re-
ceived nitrovasodilators during and after sur-
gery. These agents, glyceroltrinitrate and so-
dium nitroprusside, act as NO donors,27 and
would have been a confounding variable in a
comparison using area AUC for the first 48
hours of intensive care unit admission.
Normally distributed data are expressed as

mean and 95% confidence interval, with
diVerences in group means compared by
Student’s t test. Non-normally distributed data
were compared using non-parametric tests.
The Kruskal-Wallis test of equality of propor-
tions with Sidak’s adjustment for multiple
comparisons was used to assess the relationship
of number of organ system failure with AUC
nitrogen oxide concentrations. Correlations
between AUC nitrogen oxides and other
variables was assessed by regression analysis. A
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p value of less than 0.05 was judged to be sta-
tistically significant.

Results
COMPARISON WITH THE CONTROL GROUP

The clinical details of the septic patients
are outlined in table 2. The median age was
10.6 months (interquartile range 4.3–17.5
months). The control patients had a median
age of 2.5 months (interquartile range 1–6.5).
Compared with the 48 children presenting for
elective cardiac surgery, nitrogen oxides were
significantly higher at the time of admission
in children with sepsis. The median value
(interquartile range) for 48 patients present-
ing for elective cardiac surgery was 23
(13.4–49.8) µmol/l; and for children with
sepsis: 51.4 (29.4–70.4) µmol/l, (Mann-
Whitney, p=0.0054). There was, however,
substantial overlap between the two groups
(see fig 1).

RELATIONSHIP OF NO METABOLITES TO SURVIVAL

IN SEPSIS

There were 21 children who survived and nine
who died of the 30 children with sepsis in the
series. Two children died within 12 hours of
admission to intensive care. The seven other
deaths occurred between two and 30 days after
admission. There was no diVerence in the
AUC for serum nitrogen oxide concentrations
over the first 48 hours between those who sur-
vived (2189 µmol, interquartile range 1177–
4085) and those who died (3377 µmol,
interquartile range 2588–3641), Mann-
Whitney, p=0.24. Nor were there any signifi-
cant diVerences at admission, 12, 24, or 48
hours in serum concentrations of nitrogen
oxides between survivors and deaths (see table
3).
When all subjects were considered there was

a non-significant rise in median nitrogen oxide
concentrations from the time of admission to
12 hours after, and a subsequent fall to admis-
sion levels by 24 hours (fig 3). Between each of
the four time points measured, however, there
were no statistically significant diVerences in
median nitrogen oxide concentrations
(Kruskal-Wallis test, p=0.61). There was a
similar non-significant increase in serum nitro-
gen oxides from admission to 12 hours in both
survivors, and those who died.
In the two children who died within 12 hours

of admission the serum concentrations of NO
metabolites were not significantly diVerent to
other admission levels. One child with pneu-
mococcal septic shock had a cardiac arrest
soon after admission, and had an admission
level of 29.3 µmol/l, the lowest admission value
of any patient who died. The other child had
Staphylococcus aureus endocarditis and septic
shock and had an admission level of 60.5
µmol/l.

RELATIONSHIP OF NO METABOLITES TO ORGAN

SYSTEM FAILURE

Of the 28 survivors to 48 hours, 17 (61%) had
developed one or more organ systems failing
and 10 (36%) had failure of three or more
organ systems. When children with one or
more organ systems failing are compared with
those with no organ failure, the diVerence in
AUC for combined serum nitrate and nitrite
was significant: no organ systems failing,
median (interquartile range) 1259 (1076–
2189); one or more systems failing: 3377
(2399–4174), (Mann-Whitney, p=0.0028)
(see figs 2 and 3).
When the data were analysed according to

the numbers of organ systems failing at 48
hours, there was a weak positive relationship.
The only diVerence in nitrogen oxide concen-
trations in patients subgrouped according to
the number of organ systems failing at 48 hours
was between those with no organ failure and
those with one organ failing (Kruskal-Wallis
test of equality of proportions, p=0.03, Sidak
test for multiple comparisons, 0.041) (see fig
4). There were no diVerences between patients
who had more than one organ system failing
and those with none, although the numbers in

Table 1 Definitions of organ system failure

Cardiac Presence of one or more of the following:
MAP (mm Hg)
< 30 (neonate-3 months old)
< 35 (age 3 months-1 year)
< 40 (age 1 year - 6 years)
< 50 (> 6 years)

Arterial blood pH <7.25 with PaCO2 < 6.0 kPa
Requirement for inotropes more than 10 µg/kg/min dopamine

Respiratory Presence of one or more of the following
PaCO2 < 6.7 kPa with serum pH < 7.25
A-aDO2 > 46.7 kPa
Ventilation index >30

Renal Requirement for renal replacement therapy, for example peritoneal dialysis,
haemofiltration and presence of one or more of the following:
Urine output: < 0.5 ml/kg/hour for 4 consecutive hours or < 300
ml/m2/24 hours
Serum creatinine (mmol/l)
> 0.15 (age day 1-30)
> 0.04 (age 1-12 months)
> 0.05 (age 1-4 years)
> 0.06 (age 5-10 years)
> 0.1 (age >10 years)

Hepatic Presence of three or more of the following
INR
>1.7 (day 1-4)
>1.5 (day 5-29)
>1.3 (>30 days)

In absence of warfarin anticoagulation
AST >100 U/l
Serum albumin:
<23 g/l (age <12 months)
<30 g/l (age>12 months)

Conjugated bilirubin >10 mmol/l
Haemostasis Presence of two or more of the following:

Leucocytes <1×109/1
Platelets <20×109/l
INR
>1.7 (age day 1-4)
>1.5 (age day 5-29)
>1.3 (>30 days)

In absence of warfarin anticoagulation
D-dimers >0.25
APTT (sec)
Premature neonates
>80 (day 1)
>75 (day 5)
>65 (day 30)
>50 (>day 180)

Term infants
>60 (day 1)
>55 (day 30)
>50 (>day 180)

In absence of heparin anticoagulation
Brain Glascow motor score <4 (at any one point in the day in absence of sedation)

A-aDO2 = alveolar-arterial oxygen tension diVerence; APTT = activated partial thromboplastin
time; AST = asparate aminotransferase; INR = international normalised ratio; PaCO2 = arterial
oxygen tension.

Activation of the L-arginine nitric oxide pathway in severe sepsis 205

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.76.3.203 on 1 M

arch 1997. D
ow

nloaded from
 

http://adc.bmj.com/


each group when patients were subgrouped as
such were small.

RELATIONSHIP OF NO METABOLITES TO MARKERS

OF PERFUSION FAILURE

We have previously shown that the earliest pre-
dictor of outcome in this group of patients was
blood lactate at 12 hours after admission (T
Duke et al, submitted for publication). By 24
hours DCO2 and mean arterial pressure also
predicted survival. In this present study we

found no association between blood lactate,
DCO2, or mean arterial pressure and AUC of
combined serum nitrate and nitrite (r2=0.06,
p=0.126; r2=0.06, p=0.435; and r2=0.08,
p=0.158, respectively). Nor were there any
associations between nitrogen oxides and
gastric pHi (r2=0.02, p=0.637), or nitrogen
oxides and the base deficit (r2=0.01, p=0.252).

RELATIONSHIP OF NO METABOLITES TO

INOTROPIC SUPPORT

By 48 hours 11 of the 28 survivors to two days
(39%) continued to receive catecholamine ino-
tropic support of their circulation (in excess of
5 µg/kg/min of dopamine). Of those not requir-
ing inotropes, 65% were free of organ system
failure, while of those receiving inotropes at 48
hours 100% had two or more organ systems
failing two days after admission. Seventy one
per cent of the deaths occurred in the group
still receiving inotropes at 48 hours, while 88%
of children not receiving inotropes at 48 hours
survived. There was no relationship, however,
between the requirement for inotropic support
at 48 hours and the level of serum NO
metabolites, either when analysed using the
AUC over 48 hours (Mann-Whitney test,
p=0.57), or concentrations at any of the 4 time
points, particularly at 48 hours (p=0.60).

Table 2 Clinical details of 30 children with sepsis syndrome or septic shock

No
Age
(months) Sex Organism isolated

Inotropes at 48 hours
(µg/kg/min) Survived/died

Organ system failure at 48
hours

1 3.3 F N meningitidis Dopamine:2.5
Noradrenaline:0.2

Survived 2

2 0.03 M Group A
streptococcus

Dopamine:5 Died 3

3 4.3 F Pneumococcus Dopamine:10
Dobutamine:7.5

Died 4

4 11.3 M C albicans Dopamine:5
Dobutamine:5
Adrenaline:0.8

Died 3

5 8.4 F S Aureus * Died *
6 10.2 F N meningitidis 0 Survived 0
7 3.9 M N meningitidis 0 Survived 0
8 14.0 M Neutropenic colitis 0 Survived 0
9 11.0 M E coli Dobutamine:10

Adrenaline:0.2
Died 5

10 15.0 M Pneumococcus * Died *
11 1.1 M No growth Dobutamine:5

Adrenaline:1.0
Noradrenaline:0.6

Died 4

12 2.0 M P aeruginosa Dobutamine:10
Noradrenaline:0.2

Died 4

13 4.8 M No growth 0 Survived 0
14 14.0 F No growth 0 Survived 2
15 120.0 M S aureus 0 Survived 0
16 13.0 F No growth 0 Survived 0
17 26.5 M C septicum Dopamine:10 Survived 3
18 5.8 M N meningitidis 0 Survived 0
19 20.9 M C septicum Dopamine:10

Noradrenaline:0.2
Survived 2

20 17.5 M N meningitidis Dopamine:2.5 Survived 1
21 4.8 F Pneumococcus 0 Survived 0
22 17.7 M N meningitidis 0 Survived 0
23 16.5 M N meningiditis 0 Survived 0
24 223.0 M Mixed organisms Dopamine:2.5 Died 1
25 189.0 F Mixed organisms Dopamine:5 Survived 3
26 193.0 M Group B

streptococcus
Dopamine:5
Noradrenaline:0.3

Survived 4

27 0.75 M S mercasens Dopamine:5
Noradrenaline:0.2

Survived 4

28 7.3 M No growth 0 Survived 0
29 7.8 M N meningitidis 0 Survived 1
30 6.8 F N meningitidis 0 Survived 1

*Died less than 12 hours after admission. C albicans = Candida albicans;C septicum = Clostridium septicum;E coli = Escherichia coli;N
meningitidis = Neisseria meningitidis; S aureus = Staphycocccus aureus; S mercasens = Serratia mercasens.

Figure 1 Box and whisker plot showing the serum
concentrations of combined nitrate and nitrite in children
with septic shock and presenting for elective cardiac surgery.
There was a significant diVerence between the two groups
(Mann-Whitney, p=0.005). The horizontal line in the box
is the median value; the box extends to the interquartile
range (25–75th centile); and the whiskers to the next closest
values.
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RELATIONSHIP OF NO METABOLITES TO RENAL

FUNCTION

We found no association between nitrogen
oxide concentrations and renal function. There
was no relationship between the area under the
curve of NO metabolites and the area under
the curve of serum creatinine (r2=0.07, p=0.1).
Nor was there a relationship between the
change in serum creatinine from the time of
admission to 48 hours, and the AUC nitrate
and nitrite (r2=0.04, p=0.157) (see fig 5).
When patients were subgrouped according to
the presence or absence of renal failure, based
on the clinical definitions (in table 1), and not
solely on serum creatinine, there was no diVer-
ence in AUC nitrogen oxides (Mann-Whitney,
p=0.12), or in the serum concentration at 48
hours (p=0.38).

Conclusion and discussion
This study confirms that there was increased
activity of the L-arginine nitric oxide pathway,
as measured by combined serum nitrate and
nitrite levels, in children with sepsis syndrome
and septic shock, at the time of intensive care
unit admission, compared with a control group
of non-septic children. These findings confirm
those of Shi et al in neonates,9 and Wong et al,7

who found higher levels of serum nitrate and
nitrite in children with sepsis syndrome than in
controls. In the present study serum concentra-
tions of nitrogen oxides were weakly, but posi-
tively, associated with illness severity, as judged
by the presence or absence of organ system
failure; but there was no association with
mortality.
The AUC of nitrogen oxide concentrations

was chosen as a summary measure because of
the theory that activity of the L-arginine nitric
oxide pathway in sepsis is biphasic.28 Early in
sepsis endothelial constitutive NO synthase
(c-NOS), the enzyme producing NO which

mediates physiological vascular tone, will be
active (at normal, increased, or possibly
decreased levels). Four to 12 hours after the
onset of systemic infection inducible NO
synthase (i-NOS) is activated, producing rela-
tively large amounts of NO. The duration of
i-NOS activity in sepsis is unknown, but may
be dependent on the duration of exposure to
the NOS enzyme inducing stimulus. AUC may
therefore be a more accurate reflection of NO
activity than single measurements taken at dif-
ferent phases in the evolution of a patients
illness.
Although serum concentrations of NO

metabolites were higher in children with sepsis
complicated by organ system failure, there was
no identifiable biological gradient to the
association. As the severity of organ failure
increased from one to five systems, there was
no change in AUC nitrogen oxides. Children
who had four or five organ systems failing at 48
hours, and those who died, clearly had more
severe disease than those with just one failed
organ system, but this was not reflected in an
increase in measurable NO activity.
We could find no relationship between

ongoing inotropic support at 48 hours and the
level of serumNOmetabolites. This is contrary
to the findings of Wong et al who found that
serum nitrate and nitrite concentrations were
positively associated with the noradrenaline
dose required to reach the 50th centile of the
mean arterial pressure for age in five children
with sepsis.7 We did not measure, however, the
true requirement for inotropes to maintain
blood pressure or cardiac output, but rather the
receipt of inotropes. The use of inotropes is
determined by clinician prescribing practice,
which does not always reflect patient need, and
inotropes are not solely given to maintain
blood pressure. We found no association
between hypotension and serum nitrogen
oxides. The approach by Wong et al probably
better measures vascular hyporesponsiveness,7

which is the proposed mechanism for the
association between high NO activity and
reduced response to noradrenaline. However,
our study suggests that children who required
pharmacological support for prolonged circu-
latory instability did not have evidence of
further increase of NO metabolites.
Unlike some other investigators15 we found

no relationship between nitrate levels and renal
function to explain the relationship of nitrogen
oxide concentrations and sepsis severity. A
deterioration in renal function over time was
not associated with an increase in NO metabo-
lite levels. It therefore seems unlikely that our
findings of increased concentrations of NO
metabolites in children with sepsis induced
organ system failure can be attributed solely to
renal dysfunction.
We conclude that the NO pathway is

activated in sepsis in children, and that serum
NO concentrations are associated with some
indices of severity, but not other more impor-
tant markers. This evidence suggests that
factors other than, or in addition to, NO are
important in the development of perfusion
failure, and the detrimental consequences of

Table 3 Nitrogen oxide concentrations in children who died from and who survived septic
shock

Time from admission Survivors Deaths p Value

Admission 49.3 (34.0 to 64.7) 56.1 (33.8 to 78.5) 0.60
12 hours 57.2 (41.7 to 72.6) 72.4 (39.0 to 105.9) 0.32
24 hours 48.7 (30.8 to 66.6) 59.5 (42.4 to 76.6) 0.49
48 hours 57.4 (39.5 to 75.2) 60.2 (45.7 to 75.3) 0.85

Figure 2 Graph showing AUC for serum nitrate and
nitrite for the first 48 hours of admission to the intensive
care unit for patients who at 48 hours had no residual
organ dysfunction and those who had one or more organ
systems failing (OSF). There was a significant diVerence
between the NO metabolite concentrations when patients
were subgrouped as either having no or one or more organ
systems failing (Mann-Whitney, p=0.0028).
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sepsis syndrome. The involvement of NO in
sepsis is likely to be multifaceted. It may have a
protective role in maintaining perfusion by
microvascular vasodilatation, and may be cyto-

toxic to invading organisms.29 30 NO also may
prevent inflammatory cell mediated host tissue
damage by the inhibition of leucocyte
activation.31 32 On the other hand, NO may be
cytotoxic to host cells, either directly, or by the
interaction with oxygen derived radicals and
the generation of highly toxic molecules, such
as peroxynitrate.33 Further work will be re-
quired to determine if the augmentation or
inhibition of NO production in sepsis in
children is of benefit.
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Figure 4 AUC for serum nitrate and nitrite over the first
48 hours of admission in 30 children with sepsis or septic
shock according to the numbers of organ systems failing
(OSF) at 48 hours after admission. There was a significant
diVerence in NO metabolite concentrations between children
with one and no organ systems failing, but no diVerences
between any of the other subgroups (Kruskal-Wallis test,
p=0.03, Sidak test for multiple comparisons between one
and no organ systems failing, p=0.041).
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Figure 5 Graph showing the change in serum creatinine
over the first 48 hours of sepsis and the change in nitrogen
oxides. Those children who had a worsening of renal
function after admission were not more likely to have an
increase in serum concentrations of nitrate and nitrite.
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Key messages
x Serum NO metabolites were higher in
children with sepsis than in non-septic con-
trols

x There was only a limited relationship
between the severity of organ system failure
and serum NO metabolite concentrations

x There was no diVerence in NOmetabolite
concentrations between survivors and those
who died

x There was no relationship between serum
NO metabolite concentrations and clini-
cally important markers of perfusion or ino-
tropic requirements
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The spread of obesity
You don’t have to spend long in the United States to be impressed by
the Bermuda-bursting buttocks of a very noticeable proportion of the
population. Dine at any American restaurant and you are faced with
massive food portions which make the ‘doggy bag’ a routine
requirement. The increase in obesity in both adults and children in the
USA over the last 30 years or so is well documented. For many energy
intake is clearly well ahead of energy output; some hope that ‘they’ (the
scientists) will find the answer through research into the genetics and
molecular basis of obesity and its consequences, others favour an
educational approach promoting less food and more activity. A study
in Cincinnati, Ohio (Orit Pinhas-Hamiel and colleagues, Journal of
Pediatrics 1996;128:608-15) has shown one potential serious conse-
quence of childhood obesity.
Previous studies have shown non-insulin dependent diabetes melli-

tus (NIDDM) to be about 2 or 3% of childhood diabetes. In Cincin-
nati the proportion in newly diagnosed child diabetics rose from 4% in
the years 1982–91 to 16% in 1994. The incidence of NIDDM in ado-
lescents was 0.7 per 100 000 per year in 1982 and 7.2 per 100 000 per
year in 1994 and currently one in three 10 to 19 year olds presenting
with diabetes has NIDDM. The mean age at onset of child or adoles-
cent NIDDM was 13.8 years and the mean body mass index at pres-
entation was 38. Sixty five per cent of patients had a first degree rela-
tive with NIDDM. At the time of diagnosis of NIDDM 17% were
hypertensive and 6% had sleep apnoea.
In the 1970s British paediatricians were much concerned about

childhood obesity and its consequences but lack of success in its man-
agement cooled many an enthusiasm. In 1830 Metternich said, ‘When
Paris sneezes Europe catches cold’. It is to be hoped the American
obesity virus doesn’t blow this way. I’ve a feeling obesity is set to be a
growing topic again.
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