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from cerebral cedema

Claire Roberts dob 10.1.87, died 23.10.96

2008 / Roberts /N.48

Instructing Organisation: Crime Operations Department
- - Serious Crime Branch
Gough Barracks, Barrack Hill
Armnagh
BT60 1BW

Dr Dewi R Evans Mg, FRCP, FRCPCH, FRSM, DObSIRCOG

Residence: -

A S mmw e Ewlaa i b x oa s -

e
[

e I

Date: ~ 1March 2008

CR - PSNI ‘ 096-022-122 |



*w
"

I have received the following documents
Letter of Instruction dated 23.1.08.

~ The original clinical casefile of Claire Roberts
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Claire Margaret ROBERTS

6. Claire was born at full term. Her birth we

reported as normal.

Ritalln at this admission.
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ight was 7Ib 9 oz. The labour and delivery were
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Midly increased tone both arms.
Reflexses Symmetrically brisk
Clonus ~ sustained both ankfes.
Tone increased.
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Claire Margaret ROBERTS

2210 “3.10 pm

4.30
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Lasted frequently strong seizer (sic) at 3,25
Teeth tightened Slightly

Duration 5 min

Few secs

1 March 2008
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Claire Margaret ROBERTS
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Claire Margaret ROBERTS Report of Dr Dewi R Evans 1 March 2008

 He considers: meningo-encephalitis excluded both by microbiology and the post mortem
neuropathology.

* Hyponatraemia is known to cause brain swelling. But there is no other specific
neuropathological indicator for hyponatraemia.

e Seizures were not withessed prior to hospital admission, and certainly not status epilepticus.

* The neuropathological sequelea of status were not present.

* There was no damage to the hippocampus which may be seen in children with chronic
epilepsy.

in Dr Harding’s opinion the cause of death was brain swelling and h
factor that has been positively identified.

yponatraemia is the only causative

described as being “mostly lymphocytes”.
in 48 hours (report of 28.10.96).

28.  Serum sampies looking for viruses, obtained on 21.10.96, is reported on 30.10.96 as
negative findings for the following; mumps,

29.  The CT scan of the brain dated 23.10.96 is reported as follows. |
“There is generalised cerebral swelling with effacement of the cortical sulci as well as the basal
cisterns and the third ventricle. No focal lesion has been identied”

A chest x-ray of the same date is repom as showing “patchy consolidation in the mid and upper
zones on both m s)ighﬂy more extensive .in examination 2. An ETT (endotracheal tube) /s in
position with the tip at the thoracic infet and in film 3 an IV line is present with the tip in the SVC
(superior vena cava).” -

The presence of the ETT confirms that this chest X-fay was carried out following Claire's respiratory
arrest. .

| have not seen the original CT and chest X-ray.

30. For completion, | note the CSF findings from Claire’s admission in September 1987. There
were two samples dated 12.9.87. One sample was described as “blood stained” Protein was 1.7 g/L.
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Claire Margaret ROBERTS Report of Dr Dewi R Evans 1 March 2008

There were 8,400 red cells and less than | white cell. The second sample was described as being

“faintly blood stained”. There were 1,140 red cells and less thén | white cell. CSF culture was
reported as showing no growth in 48 hours.

Opinion

31. My opinion is based on My experience as a consultant paediatrician in Swansea since 1980.
The management of children who present with an altered leve| of consciousness is one that shouid be
common to all practicing hospital based paediatricians. The presentation is one that should always
be taken seriously. The cause is often not obvious, and one is always faced with the risk of the child
deteriorating, falling into a coma, and sustaining a respiratory or cardio-respiratory arrest.

33. My preliminary view is as follows. There does not appear to be any significant history relating
to the pregnancy or bith. Claire was born at term. It looks as if her early development was
appropriate.

34. Claire sustained a significant heurological iliness at the age of 8 months. Tonic Clonic
convuisions were recorded on numerous occasions. The convulsions continued beyond her
discharge, and she remained on anticonvuisant therapy until the a_gé of 4 years. The cause of this
encephailopathic iliness has never been ascertained. Investigations available at the time were not
particularly helpful. Normal CSF would tend to rule out an infective cause. A normal CT scan of the
brain does not help to establish a diagnosis. Electroencephalography (EEG) carried out at the time
showed non-specific findings, not diagnostic of any specific disorder.

35. It looks as if the acute ent:ephalopaﬂlic liness burnt itself out but left Claire with a residual
permanent neuro-disability. A letter dated 9.2.88 from the consultant paediatrician at the Ulster
Hospital records that Claire has had no convuisions since September (1987 presumably). She was on
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Claire Margaret ROBERTS Report of Dr Dewi R Evans 1 March 2008

was discontinued at 4 years of age.

She experienced seizure activity for some time afterwards, but she had been free of seizures for many

years prior to her index and final clinica! presentation. She was left with leaming difficulties. This is

Claire’s index event

36. Claire was unwel! for a very short period of time prior to her hOSpital admission on the evening
of 21 Oct 1996. Her father's Statement notes that she attended school that day and that she had
been sick before returning home at approximately 15:00 hr. The vomiting continued at home on 2 or 3

occasions. She also had one loose bowe! movement. Hospital admission was arranged following a
visit from the GP at 18:00 hr. '

o There is no history of her having taken any medication or inappropriate drug. | am not quite
certain whether she was on methyiphenidate (Ritalin) at this time, but | would not expect
methyiphenidate to cause an event of this nature anyway.
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Claire Margaret ROBERTS

41, Having ruled out the above one is left with the very non-specific diagnosis, whicﬁ is that of

, certain viruses Can cause this kind of presentation. Herpes simplex (which is the
organism that causes cold sores) can cause encephalitis, so can enteroviruses. ‘On admission
therefore such an option would be at the top of my differential diagnosis.

42.

associated with a degree of cerebral oedema. Indeed it may cause permanent neuronal-damage.

There is of course no evidence of such an event in Claire’s case: | am using this example for
illustrative purposes only. |

Another disorder, more common during the 1970s and 80s, is Reye's syndrome. This is a very poorly
understood disorder, which is thought to be linked to the prescribing of aspirin and / or some link with
chickenpox. There are plenty of reports of Reye's Syndrome where there is no known aspirin or
chicken pox contact Children develop a liver disorder with an accompanying encephalopathy. It is |
disappointing that this disordef was not considered, and that there was a failure to arrange the
necessary investigations, especially to check her liver enzZymes and her serum ammonia level. Reye’s

syndrome is a serious disorder with a high mortality. Careful supportive therapy can make a
significant difference. -

-
. l - .. - . .
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- Claire Margaret ROBERTS Report of Dr Dewi R Evans 1 March 2008

23.10.96 RBC 3,660,000 white cells 9,350 ‘ratio  1:391

were ‘mostly lymphocytes”. This is what one would expect in a
viral cause. '

Normally, in the biood stream, there are two major types of white cell, neutrophils and lymphocytes. In

Unfortunately, there is no information regarding the type of white cell found in Claire's blood. The
figure reiates to the total white count only. | would predict that her first result (16,520 white celis)
would have contained mainly neutrophils. The figure had dropped to 9,540 by 24 Oct. It is likely that
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Claire Margaret ROBERTS

1 March 2008

lymphocytes present in Claire’s CSF, and that this is consistent with a diagnosis of viral meningo-
encephalitis.

Observations on management

Her white cell value (16,000) is raised. This fs typical of an infection, but it doeé not distinguish the
cause of the infection. | am rather surprised that a major children's hospital did not camry out a
~ differential white count as a matter of course, providing information on the neutrophil count and

"lymphocyte count L

The medical officer queried the option of a lumbar puncture. This is the procedure carried out to obtain
CSF, and is essential if one Suspects meningitis. In the event, a lumbar puncture was not performed.

The only other investigation performed was the basic biochemistry. The key result is the sodium of
132. The laboratory’s own reference range is 135 - 145. This range is quite wide. 1The key finding is
that the sodium is low. Moreover the sodium is low in the presence of a normal potassium. The .urea
IS normal at 4.5 (normal _range 3.3-8.8). A norm-al urea suggests that Claire is not suffering any

significance. It is not ciear when the biood test was taken; | assume the test was taken soon after she
was admitted to hospitai (see aiso below). The sodium of 132 is therefore indicative of her
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Claire Margaret ROBERTS Report of Dr Dewi R Evans

There was no evidence of significant dehydration, for the reasons | have described above. Her pulse
rate was a satisfactory 80. One wouid expect a pulse rate of 100 or more in any child who was
significantly dehydrated. |

, which is that she has an encephalopathy, one needs to
consider seriously the possibility of her aiready experiencing the syndrome of inappropriate ADH
(SIADH) secretion.

intravenous fluid therapy

49, Claire welghed 24.1 kg. One calculates a child's fiuid replacement as foliows. One gives 100
mi / kg / 24 hours for the first 10 kg body weight.‘ 50 mi / kg per 24 hours for the next 10 kg body
weight and 20 ml / kg per 24 hours for every subsequent kg body ‘weight.~ A girl of 24 kg would
therefore require a total of 1,000 + 500 + 80 ml per 24 hours, a total of 1,580 ml per 24 hr, or 65 ml /
hr. One would give additional fluid in a patient who was dehydrated, but this was not relevant here.

Claire’s fluid chart confirms that the fluid replacement therapy was. “S/N saline-at 64 mi/hr". The rate of

fluid is therefore correct. The intravenous fluid prescription chart notes 0.18% NaCl plus 4% Dextrose. |

Between 23:00 hr on 21 Oct and 07:00 hr the following morning Claire receives 536 mi. This
averages 60 mi / hr over 9 hours. The fluid chart also records seven separate episodes of vomit
during this time.

50. | enclose a copy of the chapter on Fluid and Electrolyte Management from the *Advanced
Paediatric Life Support” manual. The second edition was ‘published in 1997. Whilst there is no
controversy regarding the volume of fiuid required, there Is concem in paediatric circles regarding the
type of fluid that should be prescribed. 0.18% sodium chioride with added glucose has been a

commonly used fiuid in paediatric practice and the 1997 edition continues to recommend it as a

-standard regime (page 249). It has been my practice to insist on the use of 0.45% NaCl as the
standard fluid therapy for sick children, and cannot recall a time when | was comfortable with using
0.18% solution. | have always been concemed about the risk “waterlogging™ a patient by giving too
dilute a solution. That is, running the risk of a patient becoming oedematous (fluid overicad) and
sustaining a consequent drop in serum sodium. Whilst | would have prescribed 0.45% Dextrose from
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Report of Dr Dewi R Evans

. In conjunction with her clinical encephalopathy,
considering a diagnosis of SIADH already.

52. The fluid chart does not record Claire receiving an

than sips of water. One wouid therefore expect any history of vomiting to reduce both in volume and

- 863. The fluid chart notes that Claire has passed urine

21:00 hr during Tuesday 22 Oct The volume of urine
“urinary catheter inserted 22 10 96"

paediatric intensive care unit so | p
hours of 23 Oct.

(PU) at 03:00 hr, 11:00 hr, 19:00 hr and
IS not recorded. The nursing entry records
Time of insertion ls not recorded. The entry ia from the
resume this occurred following her respiratory arrest (in the early

results obtained quickly.

If Claire was passing urine voluntarily,
concentration (osmolality)
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Claire Margaret ROBERTS Report of Dr Dewl R Evans |

Her potassium leve! fell, although the failure to use KCi probably did not influence outcome, and |
won't comment on this aspect of her care any further.

medical staff had repeated the blood serum sodium and monitored urinary sodium they would have

had the option of adjusting fluid regime carefully and accurately. Increased sodium in the urine would
have confimed the diagnosis of SIADH,

pm on the day following admission. For the record, she should have been on a CNS observation chart
(on “neuro obs”) from her admission. “Not responding fo parents’ voice” and intermittently responding
fo deep pain” are both indicators of a serious neurological disorder. Failure to place Claire on a CNS
observation chart is indicative of unsatisfactory care. '

The chart records the Glasgow Coma Scale (GCS). The results are extremely disturbing, more or less
from 1 pm, where the score is 9. From 4 pm her response is limited to the ability to localise pain.
Her pulse rate, blood pressure and respiratory rate remained pretty stable throughout.

The only information regarding possible seizure activity is the nursing entry timed at 3.15 pm on 22
Oct. In my opinion these symptoms reflect her worsening condition. Her Coma Chart was getiting
worse about the same time. The presumed seizure was a refiection, probably, of increased intracranial
pressure, ie, a reflection of (relatively) early cerebral cedema. Given the absence of obvious seizure

activity at admission, and during the next few hours, | do not think that this episode reflects primary
epilepsy (or status epilepticus). '

57. In my opinion Claire should have had an urgent CT scan on the day following her admission.
indeed there were grounds for demanding a scan first thing in the moming. She had shown
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Claire Margaret ROBERTS Report of Dr Dewi R Evans 1 March 2008

The issue of status epilepticus

58. The working diagnosis, at least from the 22™ Oct was “non fitting status®, meaning status
epilepticus. | disagree. The concept of “non fitting status epilepticus” is rather nebulous anyway,
although | would recognise that such a phenomenon fnay occur, but typically in children who have a
~ well documented: history of epilepsy, usually difficuilt to control. Claire had experienced no seizures for
years, and there is nothing in her history to suggest that she had any kind of seizure prior to admission
or later. | would not have prescribed phenytoin. although | do not think that the phenytoin contributed
to her demise in any way. | would not have prescribed midazolam. The problem with this drug is that

conclusions. Neither has commented on the resuits of the post mortem CSF, and whilst | am
- comfortable with the interpretation described above, | need to add the caveat which is that | am not
familiar with commenting on CSF analysis carried out after death. As far as | know, there would be no

significant post mortem changes, although | would defer to a pathology or neuropathology opinion on
this particular aspect of the case.- -

60. Claire was a young girl of 9 years who had a history of leaming difficulties, probably following
a serious neurological iliness at the age of 8 months. |
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Claire Margaret ROBERTS Report of Dr Dewi REvans 1 March 2008

61. Claire presented to hospital with a relatively short hi‘story of vomiting and loose stools. She
had been weil enough to go to school on the day of her admission.

63. Given her altered level of consciousness and a history of vomiting in a previously physically

possible diagnosis, but it cannot be confirmed, given the failure to carry out the above tests, and the
unavatlability of liver tissue for post mortem examination.

64. The initial volume of intravenous fiuid prescribed is consistent with current protocols. Whilst
the use of 0.18% NaCl as fiuid replacement therapy is one of the options available in the protocois of
the time, the fluid should have been replaced by stronger concentration, in the form of 0.45% NaCl, as
of midnight (when the biochemistry results showed a sodium value of 132).

65. A combination of clinical encephalopathy and low serum sodium should alert any medical
practitioner to the possibility of SAIDH as an additional complication.

66. Irrespective of the significance of SAIDH, failure to change fluid to 0.45%, and the failure to
- monitor both the urine volume and also urine concentration and urinary sodium is indicative of a leve!
of care that is below acceptable standards in a modem children’s department in the British Isles during
the 1990s. Accurate and frequent measurement of both serum and urine sodium values would have
allowed careful attention to Claire’s fluid balance, minimising the risk of cersbral oedema.

67. Failure to amange CT scan at any time on the day following her'admission IS indicative of a
level of care that falls significantly below acceptable standards in a modern children's department in
the British Isles. There was compelling evidence of an encephalopathic illness for which there was no
Clear explanation. Her condition showed no sign of imprbving during the day; the CNS observation
chart showed deterioration throughout the day. '

Failure to place Claire on a CNS observation chart from her time of admission is also indicative of an
unsatisfactory level of care by the standards of a modem children’s department in the British Isles
during the 1990s. '

68. Careful monitoring of Claire's fluid balance, and arranging earlier CT scan, would have alerted
medical staff to the eartier diagnosis of cerebral oedema. Earlier intervention, by means of manhnitol,
supported by the option of intensive monitoring in a children’s intensive care unit, could have held up
the progression of the cerebral oedema, reversed its effect and prevented the respiratory arrest
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ng their views on the post-mortem CSF findings, and whether the
presence of 5,000 leucocytes (in a sample containing 300,000 red cells) is sufficient to warrant a
diagnosis of meningo-encephalitis. The findings of “negative viral tests” does not rule out a viral
for her encephalopathy. '

72. There was no reasonable hope of recovery once Claire experienced her respiratory arrest
during the early hours of Wednesday 23 Oct, when she sustained her respiratory arrest and was found _
to have fixed dilated pupils.

73.  Whilst most of the queries have been answered, | include these responses separately, for
completion. There may be some duplication. ' '

73.1  Did cerebral ‘oedema cause Claire’s death?
Yes

73.2  Was hyponatraemia a factor?

Yes
73.3 What was the cause of the h yponatraemia?
See main report and paragraph 71
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Claire Margaret ROBERTS Report of Dr Dewl R Evans - 1 March 2008

' 73.5 Comments on care
This is detailed in the report.

73.6  Should we get a paediatric neurology opinion? ,
| think we shouid, but they are difficult to get. | enclose some names separately.

73.7 Wastherea breach of duty of care?
In my opinion there was, and it's detailed in the report.

encephalopathy. Encephalopathic iliness in a child may take a very fulminant course despite optimal
care. The presence of SIADH from early on in her iliness is rather worrying, suggesting that there was
something very serious going on right from the beginning. Her hyponatraemia become more
significant, contributing to the eventual cerebral cedema.

73.9  Was the breach of duty gross?

There was a failure to plan the basics. The failures include lack of regular biood tests, lack of carefu
neurological observations, and a delay in getting neuro-imaging (CT or MRI) sorted. The staff failed to
~ work out why Claire suffered an altered level of consciousness.

73.10 Omer issues

The coroner should have been informed as a routine procedure. A child had died within a short time of
hospital admission, and the cause was not obvious. The lack of agreement between the two pathology
consultants is indicative of the complexity of this very tragic case.

References .
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Consultant paediatrician
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Fluid and electrolyte nanagement is an essential part of both the immediate and the

ongoing care of all sick children. In this Appendix we will look at the following:

Normal requirements
Dehydration

Diabetic ketoacidosis
Hypervolaemia

Specific electrolyte problems

of shock can be achieved with relatively small volumes of fluid: 20 ml/kg will usually
suffice. However, this volume is only a fraction of that required to correct dehydration
if the fluid has been lost from all body compartments: 20 ml/kg is 2% of body weight.
Clinically, dehydration which 13 distributed across the fluid compartments rather than
being restricted to the vascular compartment is not detectable until it is greater than

modifiable to take account of the need for rehydration of dry patients, and prevention

of overhydration in Patients in whom renal] function is impaired or there 1S a reason to

keep the patent underhydrated (for example, meningitis, cerebral oedema). Fluid
requirement can be divided into four types:
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FLUID AND ELECTROLYTE MANAGEMENT

1. For replaceme : b
. nt of insensible lo . :
ete. sses through sweat, respiration, gastrointestinal loss

2. Forreplacement ' :
* of essential urine oy ini :
of urea ete. tput, the minimal urine output to allow excretion

. Extra fluid to maintain g modest state of diuresss.

Fluid to replace abn .
losses ete p ormal losses such as blood loss, severe diarrhoea, diabetic polyuria

e

R :
- a + R "d - ' Mk , "
TR L - n n

1
1.0‘
M3
11

L X

v

=
™

L

A formula for calculatn ; : o ol -
useful because it is simplef normal fluid requirement is given in Table B.1 below. It is

: » can be applied to all age ranges and ; : o
The formula gives total fluid requirements, that 1S, types 1g +2+3 ;Sbce;sel.ly Subdivided.

Table B.1. Normal fluid requirements
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For example; a6 kg infant would require 600 ml per day

a 14 kg child would require 1000 + 200
_ Jui = 1200 ml per da
a 25 kg child would require 1000+ 500+ 100 = 1630 ml ger day

. Any excess is simp] : : _
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FLUID AND ELECTROLYTE MANAGEMENT

2. Hyponatraemic dehydration — more sodium lost than water proportionately.
3. Hypernatraemic dehydration — more water lost than sodium proportionately.

In all three types there is usually a total body deficit of salt and water. Between the
three types the relative amounts of salt and water loss vary. Table B.6 shows the
symptoms and signs of dehydration and gives a guide towards the assessment of the
degree of dehydration. On the whole, the more severe. the dehydration the more likely
that hypovolaemia will be a problem; most patients with more than 10% dehydration
are hypovolaemic at presentation. However, speed of fluid loss is important. Slow,
prolonged losses can give rise to massive dehydration without hypovolaemia, similarly
acute, severe loss can present as hypovolaemia without apparent significant dehydration.
The latter is not infrequently the case in acute gastroenteritis in infants where acute
fluid loss into the bowel causes hypovolaemia and the patient can present even before
any diarrhoea has occurred.

Table B.6. Symptoms and signs of dehydration
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Management of dehydration

Mild dehydration (<5%) can usually be managed with oral rehydration if vomiting 18
not a major problem. Oral rehydration fluids are better absorbed if they contain a small
amount of sodium and glucose in addition to water. Commercial preparations contain,
for example, 35-50 mmol of sodium per litre when made up as instructed.

Moderate and severe dehydration will require more accurate replacement of flud loss
and although oral rehydration may sometimes be possible, intravenous therapy may be

needed.

For fluid balance purposes, as the body is mostly water, a weight loss of 1 kg equals
a fluid loss of 1 litre, as one millilitre of water weighs one gramme. Thus fluid loss or
gain can be measured easily by weighing the patient.- The child’s fluid deficit can be
worked out from the child’s weight and a clinical assessment of the percentage
dehydration. For example, a 10 kg child is 7:5% dehydrated. How much fluid will the
child need for rehydration and what sodium concentration will be required?

The child will need maintenance +replacement of deficit. Calculate them separately

and add them up.
Step 1
What is the fluid deficit?

‘ 7:5% of 10kg=0-75 kg=750g
750 g is the weight of 750 ml fluid

R gy

—
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kg child will need 10 x ] ' maintenance (Table B.]) =
1000 mi. The sodium required for maintenance (Table B.3) will be approximately
3 mmol/kg x 10 kg =30 mmol/day.

with sodium of 140 mmol1 and another of 1000 ml with 30 mmol of sodium. As fluid
balance is not often an exact science (ongoing losses, clinical estimations etc.), it is
usually more convenient to Pick one intravenous fluid with a sodium concentration
somewhere between the two and give the total volume using this. The fluid which fits
this specification best in this case 18 0-45% saline, which has 75 mmol/l. This can be
changed to fluid contaming more or less sodium depending on subsequent serum
sodium results. To make it isotonic 0-45% saline is usually made up with 2-5% dextrose.
Beware of using IV fluids with no dextrose in small children as they may become

occur. Aim to bring d ' ypernatraemic patient by no more than
> mmol per day, for example, in an infant who presents with a Na of 170 mmoll, the
Na should be no less than 165 mmol/l by the next day. In these patients, the electrolytes
should be checked 4-hourly, at least nitially.

e Calculate and replace deficit, over 24 hours, with normal saline.

e Calculate insensible losses and replace with 0-18% saline, 4% dextrose.

® Measure urine ourput and replace ml for ml on an hourly basis with 0-18% or
0-45% saline with dextrose according to the plasma electrolytes.

This technique is applicable to all patents with all conditions in all states of hydration.
Moreover, subsequent mieasurement of urinary clectrolytes can allow exact tailoring of

CR - PSNI




have an increased tendency to ketoacidosis.
Examination g

FLUID AND ELECTROLYTE MANAGEMENT

Once urine output exceeds the ability of the patient to drink, dehydration sets in. In
addition, without insulin, fat is used as s source of energy leading to the production of
large quantities of ketones and metabolic acidosis. The latter is initially compensated e
for by hyperventilation and a respiratory alkalosis but, as the condition progresses, the
combination of acidosis, hyperosmolality, and dehydration leads to coma. DKA is often 33
the first presentation of diabetes; it can also be a problem in known diabetics who have - . §
decompensated through illness, infection or non-adherence to their treatment regimes.

History

The history is usually of weight loss, abdominal pain, vomiting, polyuria, and :‘“,.‘f}f
polydipsia, though symptoms may be much less specific in under-5 year olds who also B

Children are usually severely dehydrated with deep and rapid (Kussmaul) respiration. f;,
They have the smell of ketones on their breath. Salicylate poisoning and uraemia are g
differential diagnoses to be excluded. Infection often precipitates decompensation in "2}

both new and known diabetics, and must be sought.
Management )

Assess "
e Airway. .
¢ Breathing. - i

e Circuladon.
Give 100% oxygen and place on a cardiac monitor Hypokalaemia can cause

dysrhy'l:hmias : 5_;.:,
Site IV infusion and begin fluid replacement. If shock is present, treat as discussed i}

in Chapter 10.. -
Take blood for: 3
e Bicarbonate/blood gases. "
e Urea and electrolytes, creatinine, calcium, albumin. K
® Glucose.
e Culture.
e Haemoglobin and differential white cell count.
‘Take urine for:
e Culture. ;
e Sugar. 3
e Ketones.

Fluids

Children with DKA will have lost a great deal of sodium, whatever their initial
measured plasma sodium. Normal saline is the correct initial fluid. The principles of
fluid management outlined above work as well for DKA as for any other cause of
dehydration. However, because of the hyperglycaemia it is often best not to give dextrose
initially. Thus, having calculated deficit, maintenance, and 24-hour requirement, this
can initially be given a]l as normal saline, switching to 0-45% saline or 0-18% saline
with dextrose once the blood sugar has fallen. With the osmotic diuresis, which will”

250 g
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FLUID AND ELECTROLYTE MANAGEMENT

persist until the blood sugar falls, calculated fluid requirements will be an underestimate

and ongoing fluid replacement should be recalculated 4 hourly to take into account
excess fluid losses. Potassium should be added to the fluids (2040 mmol/l initially)
once a urine output has been confirmed. There is a loss of potassium in DKA and,
additionally, the use of insulin will drive potassium into cells, further lowering the
plasma potassium. '

Insulin

Insulin ought to be given by continuous infusion. The inital dose is 0-1 units/kg/
hour. Once the blood sugar falls to less than 10 mmol/l, glucose must be added to the
IV. Do not stop using insulin. This is the childs prime requirement. Administer the insulin
by separate line. Add 50 units of soluble insulin to 50 ml saline. This solution is 1 unit/
ml: 0-1 units/kg/hour is equal to 0-1 x weight in kg, as ml/hour. Thus a 20 kg child
would have 2 ml/hour, a 35 kg child 3'5 ml/hour. This often needs decreasing to 0-05
units/kg/hour when blood sugar starts to fall. In a very young diabetic (under 5 years),
start with the smaller dose.

Acidosis

The acidosis of DKA is initially compensated for by hyperventilation. Once the blood
pH falls below 7-1, CNS depression can occur and this can prevent compensation.
Almost always acidosis will correct with correction of fluid balance and cessation of
ketosis following insulin therapy. Bicarbonate should be avoided unless the blood pH
1s less than 7-0, or less than 7-1 and not improving after the first few hours of fluid and

- insulin therapy. Many formulas exist relating the base excess to the child’s weight and
the bicarbonate requirement. However, because of the logarithmic relationship between
[H*] and pH a dose of 2-5 ml/kg of 8-4% NaHCO, will correct the pH to 7:2 or 7-3
in all cases. This should be administered slowly over 2 hours by infusion. Recheck the
pH after the first hour and stop the infusion if the pH is above 7-15 as the rest will

correct naturally.

Other treatments

A nasogastric tube is essential as acute gastric dilatation is a complication. Depending

on the level of consciousness, bladder catheterisation may be required. Antibiotics may
be indicated.

Monitorin g progress

Use a flow sheet to record vital signs, neurological status, input and output of fluids,
blood results and insulin infusion rates. Record urine ketones and glucose. Initdally, |
whilst IV insulin is in use, check blood sugar, biochemistry and acid-base status 2-
hourly. o |
Regular, frequent (i.e. initially half-hourly) assessment of conscious level by the
Glasgow Coma Score is required to recognise early cerebral oedema. This complication
of diabetic ketoacidosis is uncommon but may be devastating. It is not confined to
children with severe illness. Early recognition of reduced conscious level should lead to
measures to reduce raised intra cranial pressure, and transfer to intensive care for intra
cranial pressure monitoring.
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FLUID AND ELECTROLYTE MANAGEMENT

Complic ations

._'.~?Major compnmﬁons of dlabetic kotoacidoms
Gerebral oedema

Acute rsnal fallure & i )common‘be ._

All of these complications require intensive monitoring on an intensive care unit.

HYPERVOLAEMIA

Hypervolaemia in children is uncommon and is usually due to either cardiac or renal’
failure. Occasionally water intoxication due to deliberate ingestion of water or exccssm
administration of desmopressin (DDAVP) may be the cause. ';a-

Signs of hypervolaemia include raised venous pressure, a triple rhythm on auscultatlon
of the heart, and pu]rnonary crackles. Hypertension may be present, particularly in ﬂmd
overload of renal origin. Treatment of hypervolaemia is initially with diuretics. These'<§
may be ineffective, particularly in renal failure, in which case urgent dialysis may be % 5
needed. Oxygen may be required and in severe cases positive pressure ventilation may
be needed to maintain adequate oxygenation because of pulmonary oedema.

B—blockers are contraindicated in hypervolaemia, because of the risk of cardiac failure, :

Water intoxication will usually present as convulsions from cerebral oedema and
hyponatraemia. Treatment is along the usual lines for patients with convulsions and coma
(Chapters 12 and 13). Severe fluid restriction will be necessary, and if hyponatraemia is
severe (<120 mmol/l), fluids ought to be given as 0-9% saline. Diuretics, parncularly
mannitol, which causes a free water diuresis and reduces cerebral oedema, are sometimes -
of value. ;.

Mild oedema may occur in any of these conditions. Severe oedema does not, and _
when present, is usually a manifestation of nephrotic syndrome. This is important as

patents with nephrotic syndrome are intravascularly fluid depleted and diuretics are :
contraindicated. i 'f;‘

\:’- |

SPECIFIC ELECTROLYTE PROBLEMS
Sodium

Sodium is the major extracellular cation. Its movement is inextricably linked to that
of water. Disorders of sodium balance are, therefore, those of over- and under-hydration,
and are dealt with in the section on fluid and electrolyte problems.

Potassium

Unlike sodium, potassium 1s mainly an intracellular.ion and the small quantities
measurable in the serum and extracellular fluid represent only a fraction of the total
body potassium. However, the exact value of the serum potassium is unportant as
cardiac arrhythnuas can occur at values outside of the normal range. As the majority
of potasstum is stored intracellularly this acts as a large buffer to maintain the serum

value within its normal narrow range. Thus hypokalaemia is usually only manifest
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FLUID AND ELECTROLYTE MANAGEMENT

. P A

R Yes
ARRHYTHMIA J—; Calcium

0.1 mmoi/kg IV
Consider specific
No arrhythmia protocol

Nebulised salbutamol
2.5-10 mg

!

Repeat serum
potassjum

Falling | PLAN
Calcilum Resonium
ﬁ ﬁ DIALYSIS s
1 g/kg PO or PR IF NECESSARY . | 338

Assess pH

< 7.34; ‘ > 7.35

Sodium bicarbonate Dextrose 0.5 g/kg/h and
2.5 mmoli/kg IV Insulin 0.06 unita/kg/h IV

Figure B.1. Algorithm for the management of hyperkalaemia

)

Table B.8. Saibutamol dose by age

Sodium bicarbonate is also effective at rapidly promoting intracellular pot:
uptake. The effect is much greater in the acidotic patient (in whom the hyperkala t:
is likely to be secondary to movement of potassium out of the cells). The dosage 1¢

same as that used for treating acidosis and 2-5ml/kg of 8:4% NaHCO, is us 18t
effective. It is mandatory to also check the serum calcium, since particularly in
with profound sepsis or renal failure, hyperkalaemia can be accompanied by markef
hypocalcaemia. The use of bicarbonate in these situations can provoke a cnsm _
lowering the ionised calcium fraction, precipitating tetany, convulsions or hypot ol ;
and arrhythmias. * T.t

Insulin and dextrose are the classic treatment for hyperkalaemia. They are ‘nig

l‘-'é
3

however, without risks. It is very easy to precipitate hypoglycaemia if monitoring _1‘# .

adequate. Large volumes of fluid are often used as a medium for the dextrose g
particularly in the patient with renal failure, hypervolaema and dilutional hyponatra _
can then be a problem. Many pauents are quite capable of significantly incres “’" |
endogenous insulin production in response to a glucose load and this endo

insulin is just as capable of promoting intracellular potassium uptake. It thus mag}
sense to start treatment with just an intravenous glucose load and then to add insg
as the blood sugar rises. The inital dosage of glucose ought to be 0:5 g/kg/hour f—*’
2-5 ml/kg/hour of 20% dextrose. Once the blood sugar is above 10 mmol/], insul nﬁ
be added if the potassmm is not falling. The dosage of insulin is imitially half that 3

in diabetic ketoacidosis, i.e. 0-05 units/kg/hour. This can then be titrated accnr_‘_ ‘
the blood sugar. ?
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ways of removing potassium from the body are with dialysis or ion exchange resins such
as calcium resonium. If it is anticipated that the problem of hyperkalaemia is going to
persist then the use of these treatments ought not to be delayed. Dialysis can only be
started when the patient is in an appropriate environment. Ion exchange resins can be
used at the outset. The dosage of calcium resonium is 1 g/kg as an initial dose either
orally or rectally, followed by 1 g/kg/day in divided doses. |

In an emergency situation where there is an arrhythmia (heart block or ventricular
arrhythmia) the treatment of choice is intravenous calcium. This will stabilise the
myocardium but will have no effect on the scrum potassium. Thus the treatments
discussed above will still be necessary. The dosage is 0-5 mlkg of 10% Ca gluconate
(1.e. 0:1 mmolkg Ca). This dose can be repeated twice. '

Hypocalcaemia I L

Hypocalcaemia can be a part of any severe illness, particularly septicaemia. Other
specific conditions that may give rise to hypocalcaemia are severe rickets,
hypoparathyroidism, pancreatitis, or rhabdomyolysis, and citrate infusion (in massive
blood transfusions). Acute and chronic renal failure can also present with severe
hypocalcaemia. In all cases hypocalcaemia can produce weakness, tetany, convulsions,
hypotension, and arrhythmias. Treatment s that of the underlying condition. In the
cmergency situation, however, intravenous calcium can be administered. As most of the
above conditions are associated with a total body depletion of calcium and as the total
body pool is so large, acute doses will often only have a transient effect on the serum
calcium. Continuous infusions will also often be required, and must be given through

Hypercalcaemia usually presents as long-standing anorexia, malaise, weight loss,
failure to thrive and vomiting. Causes include hyperparathyroidism, hypervitaminosis
D or A, idiopathic hypercalcaemia of infancy, malignancy, thiazide diuretic abuse and
skeletal disorders. Initial treatment is with volume expansion with normal saline.
Following this, investigation and specific treatment are indicated.
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Fluid and electrolyte management

B.1 INTRODUCTION

Between 70 and 80% of a child’s b !
_ - ’s body is made up of water. That water is distrs
between the intracellular, inters tial and intravascular spaces. Fluid mow:isdlfiglnl: u;;c:
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For example, a 6-kg infant would require 600 ml/day,

a 14-kg ch§'1d would require 1000 + 200 = 1200 ml/day and
a 25-kg child would require 1000 + 500 + 100 = 1600 ml/day. '

waste products through the urine. Insensible
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FLUID AND ELECTROLYTE MANAGEMENT

amount to between 10 and 30 ml/kg/day. The actual volume of insensible fluid loss is
related to the caloric content of the feeds, the ambient temperature, humidity of inspired
air, presence of pyrexia and the quality of the skin. Insensible losses from a child on a
ventilator in a cool environment and with minimal caloric intake may be minimal. Usually
between 0 and 10 ml/kg/day are lost in stool (obviously this will increase markedly in
diarrhoea, where losses in excess of 300 ml/kg/day are not uncommon). Urinary losses
are between 1 and 2 ml/kg/hour (i.e. approximately 30 ml/kg/day).

Dehydration and shock
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The intravascular volume is approximately 80 ml/kg. Rapid loss of 25% of this volume
(1.e. 20 ml/kg) will cause shock unless that volume is replaced from the interstitial fluid
at a similar rate. Clinical signs of dehydration (see table) only occur when the patient is
2.5-5% dehydrated. Five percent dehydration implies that the body has lost 5 g/100 g
body weight, i.e. 50 ml/kg. Clearly, shock may occur in the absence of dehydration,
dehydration may occur in the absence of shock or both may occur together — all dependent
on the rate of fluid loss and the rate of fluid shifts. '

Fluid and electrolyte losses occur in a number of situations:

Abnormal renal losses

* abnormal renal function (both high and low urine output may occur)

* endocrine problems: both high (e.g. diabetes mellitus, diabetes insipidus) and
low urine output (syndrome of inappropriate ADH secretion) may occur

Abnormal GIT losses

* Mostly high output, with vomiting, diarrhoea or both.

* Abnormal intake: excessive intake may be iatrogenic, with excessive fluid admin-
Istration; accidental excessive intake of electrolytes such as sodium may occur,
and occasionally this may be given deliberately (a form of child abuse).

The priorities of management are to identify shock and treat it effectively and rapidly
(see chapter 9), identify dehydration and devise a treatment programme that will enable |
effective rehydration over 24—48 hours, identify the presence and aetiology of acid—base E
problems and correct these where necessary, identify the presence and aetiology of elec-
trolyte abnormalities and correct these gradually without precipitating complications.

One factor remains unknown at the initiation of therapy, namely the ongoing fluid losses
that will occur during therapy. Thus any plan of fluid management represents a starting

point, and this will have to be modified in the light of data from constant monitoring.
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The critical clinical questions are therefore;

Is the patient shocked?
Is the patient dehydrated?

Does the patient have a significant aci rmali
atie cid-base ab ?
Are there significant electrolyte problems? 0 Y
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Occasionally, s_hpck may be precipitated by cardiac dysrhythmia secondary to elec-

corrected gradualily.
Once shock has been adequately treated, attention can turn to management of hy-

dration. Frequent reassessment is ho
qu _ WCVEr necessary, as the patient may well b
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. N . P—— . . .
‘e a T . B ' SR T e L 2ol e N w o T T " B I A R T -7
‘ LIRS UL - P ) 4 = PP B - : :
. . 1 ) ",H- . -m - i . . . [ 1 . L - 1 ' B ! T . 4 i +:|f. - - la Lo - - v - .. - - L o= . T " n - ¥ - N : Ty
R - . STy L - . . . Lo mam B At ' - i . R T The L LI -7 . * e "= Ee0 st TR !
T . .o - AR R . o~ s A _1_. ot - . » "' = . a W . ||- - '& o - - . e _If.' S I . . - . T, . o " T 'L o . s
- e’ L _.,' -t A PR - - LI | . om-— - T - us ' - e .. mbh . = . . . "t illll- Ly - S ." LR ] ‘ LI '.I"'.- a St - . e st CLE '.#. we aFTLE ] * . . T
B . . . - T N - - ) % e s L E:.',.';--_ [HAR S '.,l:'_ . s ST R - s - e wl ;r pi . T m - - I-' T "." LR - L -" _1-. - L -
- ST _ ' ] EEE 3 . = . " T . U omar 1w . 0 " . - hd ' . -, | . ] B o Bl '-... -k "'_:. - ) -“ = - ) o - Pl ’
] .m . - . . oo .. ) . ~ ..:. - ' . Lo - - . - .I LI . . ' L] Ii ] - . H . 3 = r r 'I_--‘ [
' ' - ' e m - S - A & . b IR e ' A - . - . . I.I:h -" . r-‘ " e " L o E --:'-q LI B L ' ' : ; - )
) BRI - L. . i . . i B - - ) L e 'r_lh -." . . ' . . ' Ve . l'_ . b - - * . ..: Ll - l'-.' uy . - ‘i.
ol . . ™ o . - B T r . L L] ¥ [ - o, - ] . - - Vo LLE . - T met - - ' ' | - . ‘
, . Teem Ll - .- . . -T . r m . n , 1, - i = . LR T - LI i v . - - L] H,I moe, .Y, _'._ .
.‘-' ) -~ - _ & ) gt . . - L . . . n f 1 - - " 1 n P L] ' 1 ‘_ .
, ol . . . ' . . .. [ . o n . L. " L ] . n : 1 [
'I'" = ) "."-l.: I:: E.\:.‘ - ’ . ".:.I."'. .- ::L :.r:‘T- LY ".: T s ". ] . tn ..' ' - ' ] D . ! ail .Ill:li . -'P:II l 'l'l‘ ’ - "UUIII‘1 ) NU Et“lfﬁ '
. . . . ] ) . ] . L ' R L - 1 . - ; = L R + " - - - - - . -k
.-I: Coe . . . ,'* . - i _— .. . -., |._p. .. ”'F L i - i i : . “_._:r -‘.-_-._ . - . 1 .. -r . ) ;,.f - "I- ] . . L -l ..'l-r' |"II 1,.‘ I-. lll- — -:‘-h ' q."'- - . ! _."!' “:* ot =T --_:....'-. -..":: A T I e -r_'r o T lr-l. LR v C o - . i . .""..
' 1 - ) 1T e - - - L I 4 I an ' T i R L . - . * - . i - S, e . 1= . nT - T - Y - - [, o v ':.L--I:" " ke . - .t v o S :- HAN A
[EES Sl e, - o nEe T T e T e g e ﬂl lids h . — = Y BT NN I <3 e g Tk ' U TR 1 VR O P LA LN P A S TR Y
- .o LR - - . - - - . L] . . . . . ' [y - . LI | - 1 ! ' - ) - ;L]
- ., - RN . - IR - . . ey - - T - . L. ~ - a4 . '_-_"I"_" . . - - . AL . ] . . i ke aal
- Ty - ) e - LR - Sl i i o il v Ty L = ave'r wt n‘ 'a : ' n ! Jq L vl ] . - = Fe - oh v - - T
i r i ) . . 4 |.;. , . ; ] - . . - . T d' -y - i L o e - ' [ ' 1 L] 1 - . . [ . .
- . - , P e .-1 AR ., < _]-l‘! R ST .;.". - P+ - e, . - . . t - ‘.I_;' ...._I-'-'_- ' . = o . . L
) . . .. . Do . L 3 S8 ntoaliy “[.“‘_ rl- LR R o . s s ] A -k e " - il i H . t.-. , e R T - . ea - - gr " .
H _L . * > " . . ot - . . - - - - oL LT ., T P . BT Lyt oo . = " r - - . . L " e ) v tel LT - BT LR ’ ' " ) T 0 a7 ) . W
- L AT T P S T M T o A P A A R Ce ettt Lt e et S T T T T T T Ut o s LT e e e
em S i - .‘I- ---||. l“II|I - : - ‘ - ' I‘i- - y I .1. .-F : .t." l" . ) ] . " - I R .
. u -'-:-.llil- .., .- - a " . r. 1 . ’ p ! e = L] H = [y P . - . ) e ' ) : e ] .- A -
CeEen et T e e e T T et e T S T S R e G R N TR Y T "'y -~ Rl .1 . AN AT .
R T, o= : P .o, | |'""l:- De '."-.-'_i'-"- o :IF_:-"I‘_".'.';:--:-_'I X L A -! R ."_‘..F"-:.g:'_' oLt '_I'f.." 3 .r':r‘,"' *,. e S : i T "'ll".-nl:-fi- Lo SR S e .ed o T T T Lo . '
SRRy l..-.- \ - .o _‘:I =T - -t ‘u "\.‘. ._.l-'lr-T P N T . - L -k , -3 T s, - .. . a Yher --'1 - - - = 1, - . . o Tt g -:., ke ™ o '-'- ..-. . -, anr & .‘l'..-- -_1--:-7!- K . C -
. I -t gt . . - e . - - 1. . " - - N & - a0, ' SASY .r A v _ - . ey . LN
. [ ] - )

.- r J . - . - - _
e S S e TN D S S
i A .1'. ip -l . . A
[ ] il
:t“u i ,

Y .
. a
et
' .. __-I; -J-
Tt L
m.‘.lh:i
L "'-
R
oL, 47
o

_.l - -
TS
L
ACRILL DX .
-' Jl

PR
LI
CmE.,

b SEETILEY
A

v, oAmE

s e o7 URIRRHEDIE i fatchildren and in. childran with hypernatraemic. - -

-
LI E- T T L | e
- ) [ [ ‘, - Y < . - -'lr.':':..'.:;:; .-..A_I'J-‘-' " -
ar L= . i . . - mna . L I Y i ' St -
N AR i I -_-_..'-!'-1-‘-‘{ A R
. -- . w—- 5 : :
. . : - . n ol gip [
= . e . . e o= Y. - - L . ) L oam e L LRoael L "”"iz.. TR ! R ) LRror . - )
- PR .1' i R I . BRI -, T B - - ' .} [ - Lo e & _:""J-'."“ - ‘To- s e ' Y - e e e s T - Cm =, -
" b 1 F Rl . ) o . a’ [ . o ' JH i J - "-l'i- - " . 1 i T = '-.':.-"."‘: :1'.. - L4 i .1." S T T ' e 'Irl.'. )
! - . o, »
L y o " n
.I i‘..-u .I*" :.""'..-h'."l‘ . : . - [ L ' -_:- [ - . .- -
Y - =L . ) S T L L A L '.I.l ' . = . . ) o Bk E
- - A = om0 - - -2 L] = 9 e - ' . =y T e o .
. C Ami Rt R rEm T Aew t ' - ':l LA - . Lo vt :
I-I-’_ T 7 ".'. - + -, - ' . Lo - . . " o = - "
- - - L] FY
- ] s L ) "
[ ] L
s . - o . n X , . -
= A CRL AL O I Laxri=e T eyt ghpe, T T -t i L
I.--:.I-':'.. i Yoan omi L Hl ] 4 H] ... LI I iyl e .: S - : [ -'- ] LT .
l- - 1H_l n “I_'l'-l '-.r [ F " L o " ; - =
¥ | 3 -

: I L P ; D .
" : -4 T S ... L T S - ! ) ot i
jumd 'F-- T h." - . -t rL ’ LT -.1 ' - e’ |:r- . ] s doa g '
. 'y N ey - o FERDE T
. .. - LI T L S
. - L. o, = - - =l At . N o, -
- TR T a am . - o " . AL B W - . . - - . -
" A i Y e N T BT T L A A el TUMIL IELE R L
- awe ST L. " i - L PR . nm i ) L TR g oA - =" - " r ! ! " !
' - ! H ." LB ' . L PR " S R TY, A R T
'._rial.=. I_l .. e - '|.-". ro_ A . [, . -L _ Ir.‘ e - #. " H ) . -
- " el - y " "1 ol I TR A ‘g ko= s T, =y -
T T = AT . M LT T2 T I TR
LT F - 3 ¢ . "- - L T S T ' H
- "- s 7 = .- *
ldl * en :
; - IlF:‘..z T '.1:'."' e -y ! M o 1
AL LA L - N 1 e R e =
TN SRl 2. I LA RS L e
L [ A, — |.-_‘:*_‘+ FC G
. T * - B

'. L‘.- "i- ‘l:- r ; -;'ll.f - .. .: l.u.' .-. o ‘.'. bl i T ' . -
I‘|:|-- r-E- .-""‘r “"..': "-.- I L BLE iy " | ™
= 1= o re ek T e e KL : .
dar AT - B 1- - '-'."# A =0 .. ,1 s I ‘:‘ ' :'_h'.
ad = T R N T R o F ot L ST i
. Ty F gt s, - - o )
. - F N
-II- . s I‘me. u 1
- - . Ll
it L an "'-"!..!_-.. - Ll T . -l -1 . L L
L I .-_-'t._l_- D S P X .
AR L RN e ST T TE - ' m.t
R . - . wr - "y —_ T T pir i - P . .
.- v _-._..::. } ,._1_: ,"_.I_-,.._l.__l._ _'.".-,: LI e :. L :t*.

II.. 4
=
.._l_.': L
R
-
" i ‘= Pae g
. L ¥ At -
2 A L e g

NIy ta nyh] . :
' o '.-":.' _'- T :'-. .1.- "3"_ T 1"..‘.'-;. Tog e i - .

d - L] - __‘-' " r - =T AT T o

; ; . i, - s ‘: v

- 1
-

[

L]

[

=

—_——

4

-

= . LTy
LI T '-"-:".'._' -

I. '

1.4

L

- r P
.

3 ]

n

|

2

—a

. s, -

. A .*__

[ +u-‘|.' |I':'..'_. ~
P i

I » = .

oo HEg
P I )

*
a') Th
L ]

-
L J - - - - LY lll -
,:.II#'...-. o - u-.q"., - T
.. . . LI . . . = - o' TNR . [ ot =y N . e ¥
C A T N il PN . Ay PR % s WL e L:u-ﬂ- AR L
_ [ | [R—— " ”ll-l. ] := f u oo .- .- f i__ — . T . _.- --_-._ ho.m gy -y - ™t
T “._I _'. ."‘T“ DT P | » _‘lLln. I. '-.'.'I} l_l'l:fl:‘l‘lr- L ."F.‘illl ! F-_q |"I |1‘-1“|. . . . - K

-] T
AT TP Tl S SPSERTR L e P A S TR L Wy T
1I':' M A e e T "?_—- . :_-_‘.:r'_*.._ _1 F"'.T*"}j"'f‘-._.:'::'."_{_":_;ﬁ R

rl— —.--'|-r4 " -

e £ L -
- - aoa g -
B H) L TH 1 - ! L]
. u' Lde am -t '.I'.,_‘ P, M

| The clinical signs of dehydration are individually unreliable (see table) and have poor
mter-observer‘ reproducibility, but taken together they provide a reasonable estimate of
total body fluid losses. Weight is the only objective measure of total body fluid shifts,
and enables an accurate assessment of fluid balance over time (unfortunately initial fluid

ﬂ}erapy must usually be based on a clinical assessment of hydration because the pre-
sickness weight is usually not available).

The weight l_oss or percentage dehydration (5% dehydration = loss of 5 ml of fluid per
100 g body weight, or 50 ml per kg) provides an estimate of the volume of fluid required
to replace the dehydration.

Maqagement of dehydration consists of administration of calculated daily maintenance
fluids in addition to calculated replacement fluids over a 24-hour period. The patient
should thl_Js achieve normal body weight over a 24-hour period (this may increase to
48 hours if ‘there are electrolyte problems). Therapy must be monitored at 3—4-hourly
Intervals using weight as an objective measure, to ensure that the patient 1s gaining weight
at an appropriate rate. If the calculated fluid administration rate is too slow or too fast,
then the rate should be modified appropriately.
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ble _B.2. Commonly available crystailoid fluids
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When r.he_re 1s excessive vomiting or there are signs of damaged bowel, fluid therapy
should be given intravenously.

—p—— - . gl

Example
A 6-kg child is clinically shocked and 5% dehydrated as a result of gastroenteritis.
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FLUID AND ELECTROLYTE MANAGEMENT

Initial therapy

2ObH1]/kg for shock = 6 x 20 = 120 m] of 0.9% saline given as a rapid intravenous
olus

Estimated fluid therapy

Application of fluid therapy

Rgiasses‘s chinical status and weight at 4—6 hours, and if satisfactory continue. If the child
1s losing weight increase the fluid rate, and if the weight gain is excessive decrease
V] maintenance fluid as oral feeds if the child is

When the gut is functioning, oral rehydration using standard solutions is ideal (WHO
formulation provides 75 mmol Na, 20 mmol K, 65 mmol Cl, 10 mmol citrate and

administration can cause intravascular fluid overload, overhydration or both.

In the patient with nephrotic syndrome, fluid has leaked out of the intravascular space
and into the tissues because of a low serum albumin. Such children may be grossly over-
hydrated, with diffuse severe oedema (see table). However, many patients with nephrotic

syndrome have a contracted intravascular space, and attempts to diurese these patients

partment that is grossly overfilled. The clinical signs of intravascular overload (see table)

actually be total body fluid depleted and may appear dehydrated.
Children with other renal conditions may often have a combination of intravascular and
total body fluid overload. They are then oedematous, but this is combined with features

of intravascular fluid overload, and administering albumin would be dangerous.
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tanding of the fluid balance.
The patient with nephrotic syndrome who is overhydrated should not be treated by

diuresis alone. The management consists of fluid restriction, and in some cases diuresis
following the prior administration of albumin, so that fluid is brought into the intravas-
cular compartment, prior to initiation of diuresis and thus preventing shock.

The patient with intravascular overload as well as overhydration requires fluid restric-
tion and administration of diuretics. It is Inappropriate (and potentially dangerous) to

try and treat the resultant hypertension with agents such as S-blockers because this may
precipitate heart failure.

In patients with cardiac failure, which has led to intravascular overload because of

pump failure, a situation may be reached where treatment with diuretics of intravascular
overload is causing dehydration. Attention must then be focused on a way of Increasing

cardiac output (using measures such as afterload reduction, or in the acute phase inotropic
support) — in other words, treating the underlying cause.

The treatment of fluid overload is complex and the non-specialist should
seek help.

Electrolyte abnormalities

h
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In situations of critical illness or major fluid and electrolyte abnormality, very variable
fluid and electrolyte intake may be required.

Both low and high sodium levels are potentially dangerous to the patient. Severe hy-
pernatraemia may be associated with severe brain damage, because brain tissue shrinks
as a result of intracellular dehydration and blood vessels may tear or clot up. Too

rapid correction of hypernatracmia may lead to cerebral oedema and injury. Similarly,

290

096-022-159
CR - PSNI




FLUID AND ELECTROLYTE MANAGEMENT

Hypernau:aemia ln t_he_: dehy<_irated patient may be the end result of excessive loss of
:roatng g(«=:. g. dlabetes_. c;nsq;lldus,. diarrhoea), excessive intake of sodium (e.g. 1atrogenic poi-
: » OF non-accidental 1njury) or a combination of both (childr ' 1t1
gle]e::g excessive sodium in rehydration fluid). ( e WIth gastroenteritis

e electrolyte content of the replacement solutions d
| : epends on the cause of the de-
lblydranon. In general 0.45% NaCl is a safe starting solution for rehydration. This is
ﬁ.aSEd l_argely on !:h_e elcctrolytp content of stool in diarrhoea. If a patient is dehydrated
om diabetes m51p1dqs theq virtually no sodium losses have occurred and fluid replace-
m;:;il: could be dqne with ﬂulc! congaim'ng 0-0.18% NaCl. By contrast patients with renal
;l; u dalr ugsf:&r;cat;on and_na}nl\érems, may require 0.9% saline to replace the renal losses
- ivicasurement of Na content of urine and stool 11;
therapy considenbly stool may facilitate replacement
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FLUID AND ELECTROLYTE MANAGEMENT

Hyponatraemia

Hyponatraemia may be due to excessive water intake or retention, excessive sodium
losses or a combination of both.

If hyponatraemia is due to excessive water intake or retention, and the patient is not
symptomatic, the restriction of fluid intake to 50% of normal estimated requirements
may be adequate therapy. If however the patient is fitting from hyponatraemia, it may be

appropriate to use hypertonic saline administration carefully to bring the sodium levels
up towards normal at a rate not exceeding 1 meq/L/h.

In hyponatraemia in the context of excessive losses sodium intake will have to exceed
th? normal daily requirements. A reasonable starting fluid is 0.9% NaCl, with appropriate
adjustment of fluid and electrolyte therapy on the basis of ongoing tests.

Potassium

Unlike sodium, potassium is mainly an intracellular ion and the small quantities mea-
surable i the serum and extracellular fluid represent only a fraction of the total body
potassium. However, the exact value of the serum potassium is Important as cardiac ar-
rhythmias can occur at values outside of the normal range. The intracellular potassium
acts as a large buffer to maintain the serum value within its normal narrow range. Thus
hypokalaemia is usually only manifest after significant total body depletion has occurred.
Similarly, hyperkalaemia represents significant total body overload, beyond the ability
of the kidney to compensate. The exception to both these statements is the situation in
which the cell wall pumping mechanism is breached. A breakdown of the causes of hyper-
and hypokalaemia is given in Table B.4. ~
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amounts are required to return the serum potassium to normal. The fastest way of giving
this 1s with oral supplementation. In cases where this is unlikely to be tolerated, IV
supplements are required. However, strong potassium solutions are haghly irritant and
can precipitate arrhythmias, thus the concentration of potassium in IV solutions ought
not to exceed 80 mmol/l when given centrally, except on intensive care units. F ortunately
this is not usually a problem as renal conservation of potassium aids restoration of normal
serum levels.

Pauents who are alkalotic, hyperglycaemic (but not diabetic) or are receiving insulin
from exogenous sources will have high intracellular potassium stores. Thus hypokalaemia
in these cases is the result of a redistribution of potassium rather than potassium defi-

ciency, and treatment of the underlying causes is indicated.
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tered by a nebuliser. The
will fall by about 1 mmol/l with these dosages

Yes Calcium
ARRHYTHMIA 0-1 mmolkg IV
No Consider specific

Nebulised salbutamol
2:5~10 mg

Repeat serum | Fain | Cajeium Resonium
potassium 1g/kg PO or PR
After . Remains
bicarbonate high

<734 >7-

35
Sodium bicarbonate Dextrose 0-5/kg/h and
2'5 mmol/kg IV Insulin 0-05 units/kg/h IV

Figure B.1. Aigorithm for the management of hyperkalaemia

DIALYSIS IF
NECESSARY

Table B.5. Salbutamol dose by age
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FLUID AND ELECTROLYTE MANAGEMENT

Sodium bicarbonate is also effective at rapidly promoting intracellular potassium up-
take. The effect is much greater in the acidotic patient (in whom the hyperkalaemia is
likely to be secondary to movement of potassium out of the cells). The dosage is the same
as that used for treating acidosis, and 1-2 ml/kg of 8.4% NaHCO; is usually effective. It is
mandatory to also check the serum calcium, because hyperkalaemia can be accompanied
by marked hypocalcaemia, particularly in patients with profound sepsis or renal failure.
The use of bicarbonate in these situations can provoke a crisis by lowering the ionised
calcium fraction, Precipitating tetany, convulsions or hypotension and arrhythmias.
Insulin and dextrose are the classic treatment for hyperkalaemia. They are not, however,

without risk, and the use of salbutamol has fortunately reduced the requirement for such

dosage of glucose ought to be 0-5 g/kg/h, i.e. 2.5 ml/kg/h of 20% dextrose. Once the blood
sugar 1s above 10 mmol/l, insulin can be added if the potassium level is not falling. The
dosage of insulin is initially half that used in diabetic ketoacidosis, i.e. 0-05 units/kg/h.
This can then be titrated according to the blood sugar. |

The above treatments are the fastest means of securing a fall in the serum potassium,
but all work through a redistribution of the potassium into cells. Thus the problem is
merely delayed rather than treated in the patent with potassium overload. The only ways
of removing potassium from the body are with dialysis or ion-exchange resins such as
calctum resonium. If it is anticipated that the problem of hyperkalaemia is going to persist
then the use of these treatments ought not to be delayed. Dialysis can only be started
when the patient is in an appropriate environment, but will be the most effective and
rapid means of lowering the potassium. Ion-exchange resins can be used at the outset.
The dosage of calcium resonium is 1 g/kg as an initial dose either orally or rectally,
followed by 1 g/kg/day in divided doses.

In an emergency situation where there is an arrhythmia (heart block or ventricular
arrhythmia) the treatment of choice is intravenous calcium. This will stabilise the my-
ocardium but will have no effect on the serum potasstum. Thus the treatments dis-
cussed above will still be necessary. The dosage is 0-5 ml/kg of 10% Ca gluconate (i.e.
0-1 mmol/kg Ca). This dose can be repeated twice. With a very high potassium, more
than one treatment can be used simultaneously.

Calcium

Some mention of disorders of calcium metabolism is relevant because both hyper- and
hypocalcaemia can produce profound clinical pictures.

Hypocalcaemia

Hypocalcaemia can be a part of any severe illness, particularly septicaemia. Other
specific conditions that may give rise to hypocalcaemia are severe rickets, hypoparathy-
roidism, pancreatitis, or rhabdomyolysis, and citrate infusion (in massive blood trans-
fusions). Acute and chronic renal failure can also present with severe hypocalcaemis.
In all cases hypocalcaemia can produce weakness, tetany, convulsions, hypotension and
arrhythmias. Treatment is that of the underlying condition. In the emergency situation,

however, intravenous calcium can be administered. As most of the above conditions are
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uous infusions will a}

line as calcium is so Irritant to peripheral veins.

Hypercalcaemia

Hypercalcaemia usually presents as long-standing anorexia, malaise, weight loss, failure
to thrive and vomiting. Causes include hyperparathyroidism, hypervitaminosis D or A,
idiopathic hypercalcaemia of infancy, malignancy, thiazide diuretic abuse and skeletal
disorders. Initial treatment is with volume expansion with normal saline. Following this,
Investigation and specific treatment are indicated.

to metabolise glucose. This leads to hyperglycaemia and an osmotic diuresis.

Once urine output exceeds the ability of the patient to drink, dehydration sets in. In
addition, without insulin, fat is used as a source of energy, leading to the production of
large quantities of ketones and metabolic acidosis. There is initia] compensation for the
acidosis by hyperventilation and a respiratory alkalosis but, as the condition progresses,
the combination of acidosis, hyperosmolality and dehydration leads to coma. DKA is
often the first presentation of diabetes; it can also be 3 problem in known diabetics
who have decompensated through illness, infection or non-adherence to their treatment
regimes.,

History

The history is usually of weight loss, abdominal pain, vomiting, polyuria and polydipsia,
though symptoms may be much less specific in under-5-year-olds who also have an
increased tendency to ketoacidosis.

Children are usually severely dehydrated with deep and rapid (Kussmaul) resPiran'op.
They have the smell of ketones on their breath. Salicylate poisoning and uraemia are dif-

ferential diagnoses that should be excluded. Infection often precipitates decompensation
in both new and known diabetics, and must be sought.

Management

Assess

* Airway
* Breathing
¢ Circulation

Give 100% oxygen and place on a cardiac monitor.
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FLUID AND ELECTROLYTE MANAGEMENT

Take blood for:

Bicarbonate/blood gases

Urea and electrolytes, creatinine, calcium, albumin
Glucose

Culture (if clinically indicated)

Haemoglobin and differential white cell count

‘Take urine for:

e (Culture
® Sugar
e Ketones

The principles of management are to reverse shock, provide rehydration over
24-48 hours, avoid hypokalaemia, avoid rapid changes in serum osmolarity (focus es-
pecially on sodium and glucose levels), return glucose to normal levels and treat the
underlying precipitating cause of the DKA.

In order to provide appropriate therapy and avoid complications, it is essential to mon-
itor these patients meticulously. Hourly monitoring should include heart rate, respiratory
rate and blood pressure (more frequently if these are unstable), oxygen saturation, neu-
rological observations, urine output (if depressed level of consciousness or young child,
Insert urinary catheter) and fluid balance. Glucose must be monitored hourly (can use
capillary specimens if reasonable perfusion, and where possible check with laboratory
specimens). Serum electrolytes and acid-base must be monitored at least 2-hourly un-
less markedly abnormal, in which case hourly levels must be checked until more stable.

Shock is treated by the administration of oxygen and then 10-20 ml/kg of Ringer’s
lactate or 0.9% saline given over approximately 1 hour. Despite the fluid losses, shock is
relatively uncommon in DKA.

Rehydration is administered by calculating the expected 24-hour maintenance require-
ment and the estimated fluid deficit. Administer maintenance fluids together with rehy-
dration fluids, with rehydration calculated to happen over 24 hours. Initial rehydration
can be given using normal saline, switching to 0-45% saline after the initial 1-2 hours.

Once glucose levels fall below 14-17 mmol/l, 5% dextrose should be added to the fluid

infusions. Actual fluid volumes given should rarely exceed 1.5-2 times the usual mainte-
nance requirements. Fluid administration needs to be adjusted to the actual fluid balance

on an hourly basis.

Insulin should be given by continuous infusion. The initial dose is O-1 units/kg/h. Do
not stop using insulin. This is the child’s prime requirement. Administer the insulin
by a separate line. Add 25 units of soluble insulin to 50 ml saline. This solution is
0-5 unit/ml:0-1 unit/kg/h is equal to 0-2 x weight in kg, as ml/h. Thus a 20-kg child
would have 4 ml/hour, a 35-kg child 7 ml/hour. The insulin infusion should continue
until the acidosis is cleared. If the blood sugar falls below 15 mmol/l, then additional
dextrose must be added to the infusion, in order to maintain the glucose levels. The
insulin dose can then be reduced to 0.05 units/kg/h but should not be reduced below this
if acidosis remains.

Potassium supplementation should be started as soon as insulin therapy
Is initiated, unless the patient is (unusually) hyperkalaemic. Hypokalaemia is
more of a risk than hyperkalaemia. Start with a concentration of 40 mmol/1 of |
KCl in the infusion. While there is little evidence that phosphate supplemen- 498
tation is beneficial, severe hypophosphataemia should be treated. Potassium phosphate
can be given instead of KCl in the presence of hypophosphataemia. If phosphate is given,
then the serum calcium must be monitored closely as it may precipitate hypocalcaemia.

The acidosis of DKA is initially compensated for by hyperventilation. Acidosis will

resolve with treatment of shock, insulin supplementation and rehydration. Treatment with

096-022-165

CR - PSNI

-u-—-u-.-'ll-!F:



of intravascular volume, and ap 1ate insuli

_ 3 propriate insulin and ghicose th f

it may b nd aj _ ¢ therapy for several hours
tearn.y reasonable to give bicarbonate. This should be discussed with the cndocrm;
Regular, ﬁ-equer_:nt (i.e. lmtlally half-hourly) assessment of conscious level by the Glas-

sly. Early recognition of reduced consci
: . ‘ ous level should lead to
raised intracranial pressure, and transfer to intensive care for in-
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All of these complications require intensive monitoring on an intensive care unit.
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Chapter 553 Other Abnormalities of Arginine Vasopressin Metaholism and Action 1855

ipured nephrogenic DI may result from hypercalcemia or

@iemia and is associated with the following drugs: lithium, should be ingested to maximize growth and to minimize the
roucydine, foscarnet, clozapine, amphoteridn, methidllin, urine volume required to excrete the solute load. Even with the
kampin. Impaired renal concentrating ability can also be seen instj :

b & in primary polydipsia, can lead to diminished tonicity of
23l medullary interstitium and nephrogenic DI.

| cxpense of water and by causing a decrease in the glomerular fil-
AMENT OF CENTRAL DIABETES INSIPIDUS tration rate, which results in proximal tubular sodium and
: erapy water rca!:sorption. Indomethacin and amiloride may be used in

han intact thirst mechanism and free access to oral fluids,  dose dDAVP therapy, in combination with in
mn with complete DI can maintain plasma osmolality and  been used in some subjects with NDIL. This reatment may prove
m in the high normal range, although at great inconven- useful In patients with genetic defects in the V2 receptor associ-
R Neonates and young infants are often best treated solely  ated with a reduced binding affinity for vasopressin.

tnid therapy, given their requirement for large volumes

" . Knoers N, Monnens LH- Nephrogenic diabetes insipidus: Clinical

, 24 h'r_) of nugnnvc f!uid' Tl:lﬁ lllse of w?sopr €ssin analogs pathogenesis, genetics and treatment Pediatr Nephrol 1992;6:476-83.
I ts with _obhgatc hlgh fluid intake is contraindicated Maghnie M, Cosi G, Genovese E. et al: Central diabetes insipidus in children and
athe risk of life-threatening hyponatremia. :

L tor): Pediatric Bndocrinology, 2nd ed. Philadelphia, wB Saur'xd:rs. 2002,
1sin Analogs |

ment of central DI in older children is best accomplished
hthe use of the long-acting vasopressin analog dDAVP
mopressin). dDAVP is available in an intranasal preparation
1>-10 min) and as tablets {onset 15-30 min). The
w353l preparation of dADAVP (10 pg/0. 1 mL) can be adminis-
iby thinal tube (allowing dose titration) or by nasal spray.
poropriate dose is determined empirically based on the

Other Abnomalities of
Arginine Vasopressin
Metabolism and Action

David T. Breault and Joseph A. Majzoub

ment of enuresis is a lemporizing measure, because it does
et the underlying condition and should be used with
. To prevent water intoxication, patients should have
et 1 br of urinary breakthrough between doses cach day.
¥ tablets are available, but require at least a 10-fold
e in the dose compared with the intranasal preparation. . . .. :

loes of 25-300 pg 5 very 8-12 hr are safe an d]J eﬁicll;iati in  HYyponatremia (serum sodium < 130 mEq/L) in children is usu-

ally assodiated with severe Systemic disorders and is most often
| due to (1) intravascular volume depletion, (2) excessive salt

, _ loss, or (3) hypotonic fluid overload, especially in infants. The
s Yasopressin syndrome of inappropriate antidiuretic hormone (SIADH) is an

Dl of acute onset following Ncurosurgeryis bestmanaged = 1RcoOmmon cause n! l?ypogatrcmia In children, except follow-

bmatinuous administration of synthetic aqueous vaso- mg vas‘o;.u:essm administration. : : :

& fitress ). Under most cir tances, total fluid intake The initial approach to the patient with hyponatremia begins

\te limited to 1 I/m2 /24 hr during antidiuresis. A typical with the determination of the volume status. A careful review of

rh{ htra'.lrcnous vasopressin therapy is 1.5 mU/kglh: which ;h;gzea’gds :‘ﬁ;’g’gﬁffilc;: mdete’mm‘:i ﬁ‘:&i‘:‘ﬁi‘:g:ggg 1:51

:nf ;nb ood 'vas?gm ?ncc;amlag?ig (gitaﬂml xum: t;i}: hypovolemic or hypervolemic. Supportive evidence includes

) higher initial Ctgmcyc]:::lou'ations of vasopressin ma laboratory data such as serum clectrolytes, blood urea nitrogen,
IBETY, : op Y Creatinine, uric acid, urine sodium. specific gravity, and osmolal-

wred to treat acute DI, which has been attributed to the ity (Chapter 45.2) (Tables 553-.] d 5539

tof a vasopressin inhibitory substance. Vasopressin con- ty pte <) €S an )-
1ons greater than 1,000 pg/mL should be avoided because

WYy @use cutaneous necrosis, rhabdomyolysis, and cardiac CAUSES OF HYPONATREMIA

v disturbances. Postneurosurgical patients treated with Syndrome of Inappropriate Antidiuretic Hormone Secration
i infusion should be switched from intravenous to oral

¥s00n as possible to allow thirst sensation, if intact, to help SIADH is characterized by hyponatremia,

an inappropriately

eesmolality, concentrated urine (>100 mOsm/kg), normal or slightly elevated
| plasma volume, a normal-to-high urine sodium, and low serum

uric acid. SIADH is uncommon in children, with most cases

¥NT OF NEPHROGENIC DIABETES INSIPIDUS resuiting from excessive administration of vasopressin in the
iment of acquired NDI focuses on elimination, if possi- treatment of central diabetes insipidus. It can also occur

be underlying disorder, such as offending drugs, hyper- with encephalitis, brain tumors, head trauma, psychiatric

t hypokalemia, or ureteral obstruction. Congenital disease, in the posticta] period after generalized seizures, after
rnic diabetes insipidus is often difficult to treat. The prolonged nausea, pneumontia, tuberculous meningitis, or
Wk are to ensure the intake of adequate calories for  AIDS. SIADH is the cause of the hyponatremic second phase of
nd to avoid severe dehydration. Foods with the highest the triphasic response seen after hypothalamic-pituitary surgery
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Disorder Volume Statys Urine Sadium
Systemic dehydration Low Low

Decreased effactive plasma volumag Low Low

Primary salt loss Low Low

Cerebral sajt wasting Low Very high
SIADN High High
Decreased free water clearance Normal or high Normal or high
Primary polydipsia Normal or high ormal
Pseudohyponatremig Normai Normal

Factitious hyponatremia Norma/ Normal
SIADH = syndrome of inappropriate antidiuretic hormone secretion.

Decreased Effective Plasma Volume

Hyponatremia can resyl
ume, as found in congestive heart failure, cirrhosis, nephrotic

J -i._.';f,‘,: Clinical Parameters to Distinguish

i M Between SIADH, Cerebra] Salt Wasting and

SR | Dinbetes Insipidus
e

Cerebral

Clinical Salt

Parameter SIADH Wasting Central D}

Serum sodium Low Low . High

Urine output Normai or jow High High

Urine sodium High Very high Low

Intravascular volume statys Normalorhigh  Low

Serum Uric acig Low Normalorhigh  High

Vasopressin level High Low Low

CR - PSNI

lly solu
produce 10 I./m

Cerebral sajt wasting
of atrial natriuretic

te load of 500 mOsm/m?2
of urine per day. Therefore,

Cerabral Salt Wasting

appears to be the result of hypersecri]
peptide and is seen

Dervous system disorders including brain
hydrocephalys, neurosurgery,

cerebral vascular accidents,

primarily with cony 3
tumors, head traum;

:
pd o 1,000 ¢ !_
Slidren, this |
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treatment of other

causes of systemic dehydration.
The underlying cause of the

disorder, which is usually due to

.. acute brain injury, should also be treated if possible. Treatment

involves the ongoing replacement of urine sodium losses (vol-
ume for volume).

)

OF HYPONATREMIA

Mot with systemic deh

ydration and hypovolemia should be
iated with salt-

ntaining fluids such as normal saline or

_r :

. - - - .
U et B
.

ment of acute h natremia (onset < 12 hr) or (GH.RH) produced by a_ vanety.of
um concenﬂaﬁomess than 120 mEq/L may be Primary hypersecretion of pitu
rd with lethargy, psychosis, coms or generalized O Proven adenoma is uncommo
s, especially in younger children. Acute hyponatremia  Tmonly “ocountered pituitary tu
aose cell swelling and lead to neuronal dysfunction or to ticotropin

hormone (GH). Wwith rare
@ herniation. The emergency treatment of cerebyal dys- ~ “¥ccptlons, pituitary adenomas th

0 resulting from acute hyponatremia includes water ~ thyrotropin occur in adults.
0 and may require rapid

correction with hypertonic  Secrete gonadotropin-releasing hormo
wium chloride. If hypertonic

saline treatment is under.  Precocious puberty. It is suspected
be serum sodium should be raised only high enough to

hypothalamic-rcleaslng hor-
& improvement in mental status. and In no case faster ~ ™Ones and in other instances, as in

, McCune-Albright syndrome
mEQ/L/hr or 12 mE q/L/24 hr (MAS), the tumor is caused by constitutive activating mutation
' of the G-protein Gs, gene,
stof SIADH TALL STATURE
kSIADH is best treated by oral fluid restriction. With full  The normal distribution of height predicts that 2.5% of the pop-
s (urine osmolality of 1,000 mOsm/kg), a normal  ulation will be taller than 2

migate renal solute load of 500 mOsmoles/m?2 would be '
%in 500 mL/m? water. This,

SD (97.5%) above_ the mean.
00 mL/m4, would re

Plus a daily nonrenal water
quire that oral fluid intake be lim-

Yponatremia. In young

1000 mL/m?/24 hr to avoid h

1 this degree of fluid restriction may not provide ade-

abries for growth (as discussed). In thijs situation, the

096-022-170
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7. HOPHYSIOLOGY AND DIAGNOSIS

some of these entities, i
>onse to the alterations sensed by body receptors, as in the
reased venous return produced by positive pressure ventila-
- However, if ADH release is excessive Or inappropriate in

in thrombotic thrombocy-

sodium concentrations;
function; and absence of volume depletion.

nosis of SIADH. Normall

- TABLE 458-1. Disorders and agents associated with the ’
syndrome of inappropriate antidiuretic hormone secretion

Viral, bacterfal, fungal pneumonia
Mycoplasmal pneumonia

Empyema
Asthma

Pneumothorax
Cystic fibrosis
Positive-pressure ventilation
Positive end-expiratory pressure
Tumor
Fatent ductus arteriosus ligation
Miscellaneous
Fain
Stress (pastoperative)
Nausea, vomiting ,
Bacterial endocarditis *
Malignancy
Infant water intoxication (postulated) ‘
Idiopathic

Adapted from Kaplan SI, Feigin RD. SIADH in children, Adv Pediatr
1980;27:247. ) |

normal renal, adrenal, and thyroid
Urine has to be only submaximally dilute to establish a diag-

¥, the kidneys can dilute urine up to 50
Hon to either normal osmolality or volume status, the typi-  to 150 mOsm/kg. With tirine hypotonic to plasma, the tonicity
indings of the syndrome of mappropriate ADH secretion  of serum possibly can fall below normal and can be maintained
DH) ensue. Often, SIADH is recognized in children and is

>lished by five classic clinical criteria: hyponatremia with
sponding serum hypoosmolality; urine osmolality greater
appropriate for concomitant serum osmolality (i.e., less
maximally dilute); continued urine sodium excretion that
essive for the degree of hyponatremia, with elevated urine
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at subnormal levels,

may not be present early in the process and develops only when
fluid refention occurs. |

Interesting finding. Typically, aldosterone secretion is normal
and the filtered sodium load does not increase; thereforze, a third

producing hyponatremia. Hyponatremia
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factor—possibly atrial natriuretic peptide—that has been pro-  of cranuopharyngiomas. ADH secretion caused by the effec
posed may suppress proximal tubular reabsorption of sodium  increased épinephrine release from pain or stress, nausea
In response to expanded extracellular volume. vomiting, the use of morphine, or the surgical procedure i
SIADH must be differentiated from the many clinical condi- may be excessive in the general postoperative setting; poste
tons that cause hyponatremia in children. Physical examina-  spinal fusion for scoliosis is a common association. A syndi
tion and evaluation of simultaneous urine and serum sodium  of hyponatremia with water intoxication has been describe
concentrations and osmolalities, urine specific gravity, and  otherwise normal infants receiving dilute formula at ho;
serum electrolytes will help to exclude such disorders as hypo-  AVP levels that were Increased inappropriately were foung
natremic dehydration, congestive heart failure, and renal insuf-  some of these infants
ficiency. Serum cortisol levels are recommended because
patients with adrenal insufficiency may demonstrate a compo- :
‘nent of inappropriate ADH secretion; and might present a simi- MANAGEMENT
lar picture if well compensated. Thyroid function tests also
should be considered Water-loading procedures are dangerous Appropriate treatment of the underlying disease process is esse
and unnecessary for diagnosis tial to the resolution of SIADH. However, fluid restriction remai
Physical findings in STADH are related to the associated dis-  the comerstone of acute therapy and prevention of symptoms
ease process. Despite mildly increased total body water, typi-  patients at risk. Intake should be limited to msensible losses (8
cally edema formation is not seen. Symptoms are related to the o 1,000 mL/m?2/day) with appropriate sodium content to ally
presence and duration of hyponatremia. Anor +NAusea, men-  the slow excretion of excess fluid, diminishing extracellular vc
tal status changes, and convulsions are more likely to occur with  ume and thus decreasing urinary sodium excretion.
‘_ a serum osmolality of less than 240 mQOsm/ H,O and a serum The fluid management of meningitis patients has undergor
y  sodium concentration of less than 120 mEq/L of acute onset ncreasing scrutiny. Although SIADH may occur in this settin,
many affected patients may be volume-depleted and may hay
7 ':i . associated hyponatremic dehydration. In a study by Powell «
2 ASSOCIATED DISORDERS al., children with meningitis were assigned randomly to receiv
& either fluid restriction (two-thirds maintenance) or maintenanc
x . . fluid therapy plus estimated deficit replacement during the in
y hduldmLSIADHoccursmostoﬁenmassomahonmthcen- PYP =P “Hng
tral nervous system (CNS) disorders. Labora tory evidence of &l 24 hours of therapy. Initially, plasma AVP concentration

mycoplasma pneumonias also have beern
that lead to decreased left atrial pressure, such
as positive-pressure ventilation or pneumothoraces, can induce
excessive ADH release by diminishing venous return. This con-
dition is perceived inappropriately by stretch receptors as evi-
dence of decreased crculating blood volume. ADH levels
probably are elevated by a similar mechanism in status asth-

probably an appropriate approach is to give
maintenance plus replacement fluids to. meningitis patient:
who initially do not demonstrate laboratory evidence o;
SIADH. Close monitoring of electrolytes should continue dur.
ing the first 24 to 48 hours of therapy, and the presence o
hyponatremia should prompt the evaluation of urine osmolal-
ity and sodium concentration to rule out SIADH.

Hypertonic (3%) saline infusion should be used only in
patients whose hyponatremia has induced seizures or coma,
Concomitant use of furosemide can act to increase free water
excretion relative to sodium excretion and can diminish the vol-
ume expansion induced by hypertonic saline. The use of
furosemide alone, with replacement of measured urine elec-
trolyte losses, also has been suggested. Corticosteroids have
been used in eombination to increase sodium retention, but
their use remains controversial. Lithium carbonate and deme-
clocycline inhibit ADH effects on the renal tubule and Carn cor-
rect hyponatremia, but significant complications limit their use
in children.

."_-.'_- Many drugs have been implicated in the production of | _

;4 SIADH, acting either by increasing endogenous central ADH ~ Selected Readings ;
i release or by enhancing its renal tubular effects (see Table 458-1) Bartter FC, Schwartz WB. SIADH. Am | Med 196742790, . |
w38 Frequently used agents include chemotherapeutic agents, mor-  Burrows FA, Shutack JG, Crane RK. ate secretion of ADH in a postsur- |
'.-':', %% Phine, beta-adrenergic agonists, and indomethacin. Reportedly, Dﬁﬁﬁm D, Gartnez JC. mcf:r mﬂoﬁ normal infants: role of ADH in f
Zack  carbamazepine-induced SIADH was reversed by concomitant pathogenesix. Pediatrics 1981;68:349.
V¥fss  use of phenytoin, which inhibits ADET secretion. Phenytoin Hnrl:manf% j;m B, mﬂR B;; 4l Rapid comection of hyponatremia in i
< %y {mrmtr.uze SIADH while treating seizures associated with K‘anins‘[’ de.nf”"’RD"_ SIADE in children with bacterial, mentngitis. | Pediatr :
1_5; Many other disorders can induce SIADH. Ectopic produc-  Powell KR, Sugarman LI, Eskenazi AE, et al. Narmalization of plasma AVP con- !
X888  tion of ADH may occur in adults with bronchogenic carcinoma, w‘t"‘! Hons m &lﬂd’? Pﬁbﬂ 90-117ﬁ;15m given maintenance plus
b *i&; leukemia, and thymoma. Transient increases in ADH secretion Rmc?;_. W, Tulassay T, [,n?;m Atria] natriuretic peptide in plasma of volume- |
2B also occur as part of the triphasic ADH response after resection overicaded children with chronic renal failure. Lancet 1985:2:303, i
Z A 096-022-172
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CHAPTER 406
Reye Syndrom

_ w el e

Penelope Terhune Louis

Reye syndrome, first described in 1963, is an acute, life-threat-
ening, postinfectious, metabolic encephalopathy that affects
predominantly school-aged children, occasionally infants, and
rarely adults. Over the years, the disease and its clinical mani-
festations have received widespread recognition.

Characteristically, a prodromal illness, most often influenza or
varicella infection, is followed in 3 to 5 days by the onset of per-
sistent and intractable vomiting. Initially, patients are well ori-
ented but irritable and lethargic. Some patients have no change
in consciousness and remain only lethargic, with no progression
to unconsciousness. The serum alanine aminotransferase and
serum asparate aminotransferase levels are three to 30 times nor-
mal. The serum bilirubin level rarely exceeds 1 mg/dL. Serum
ammonia concentrations are variable at presentation. As the
encephalopathy worsens to a hyperexcitable state, the patient is
intermittently out of contact with the environment. Further pro-
gression to a deeper comatose state is characterized by decere-
brate and decorticate posturing, hyperventilation and, finally,
flaccid paralysis with loss of involuntary ventilatory control. The
comatose patient uniformly has an elevated ammonia concentra-
timrangingfrommreetoZOﬁmesnormal.Theencep
typically persists for 24 to 96 hours, with gradual Improvement
In survivors. Recovery of consciousness in patients with perma-
nent neurologic impairment may require weeks.

Criteria for the case definition of Reye syndrome include the
following: an acute, noninflammatory encephalopathy docu-
mented clinically by an alteration in consciousness and. if avail-
able, cerebrospinal fluid containing less than eight leukocytes
per microliter; hepatopathy documented by liver biopsy on
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autopsy or a threefold or greater increase in the alanine amino-
transferase, serum asparate aminotransferase, or serum ammo-
nia level; and no more reasonable explanation for the cerebral or
hepatic abnormalities.

Accurately assessing the severity of the illness is important
because the therapies for severely affected children are aggres-
sive, invasive, and dangerous. Several staging systems have
been developed, culminating in the National Institutes of Health
Staging System. The system used most extensively includes elec-
troencephalographic information that previously was believed
to have prognostic value. The electroencephalographic criteria
have been replaced and the resulting National Institutes of
Health Staging System consists of the following five stages:

*Stage I: Lethargy; follows verbal commands; normal posture;
purposeful response to pain; brisk pupillary light reflex; and
normal oculocephalic reflex

*Stage II: Combative or stuporous; inappropriate verbalizing;
normal posture; purposeful or nonpurposeful response to
pain; sluggish pupillary reflexes; and conjugate deviation on
doll’s eye maneuver

* Stage III: Comatose; decorticate posture; decorticate response
to pain; sluggish pupillary reaction; and conjugate deviation
on doll’s eye maneuver

*Stage IV: Comatose; decerebrate posture and decerebrate
response to pain; sluggish pupillary reflexes; and inconsis-
tent or absent oculocephalic reflex

*Stage V: Comatose; flaccid; no response to pain; no pupillary
response; no oculocephalic reflex

1973, between 11 and 83 cases were reported annually. Between
1974 and 1983, the reporting frequency increased to a peak of 555
cases between 1979 and 1980. Thereafter, a steady decline in cases
has occurred such that Reye syndrome now is a rare disease.

PATHOGENESIS

Despite intensive study, the pathogenesis of Reye syndrome
remains incompletely defined. Whether the pathogenesis can be
explained by a primary injury to the mitochondria of multiple
organs, including the brain, liver, and muscle, with its metabolic
consequences, or by a primary hepatic injury that leads to
metabolic consequences producing the biochemical abnormali-
ties and encephalopathy remains unclear. Morphologic and bio-
chemical studies have confirmed the presence of a characteristic
injury. Pleomorphic, enlarged mitochondria with disrupted
cristae, electron-lucent matrices, and reduced numbers of dense
bodies are characteristic of the hepatic pathology of Reye syn-
drome. Associated reductions in mitochandrial enzymes involved
In ureagenesis and gluconeogenesis and in enzymes associated
with the citric acid cycle have been observed. Further evidence
of mitochondrial injury is suggested by the finding of dicar-
boxylic acids in the urine and serum.

Morphologic and biochemical studies of the brain in patients
with Reye syndrome have revealed swollen astrocytes and myelin
blebs. Alterations in the morphology of the mitochondria have been
identified only in neurons. Despite these morphologic changes,

tant role in the observed encephalopathy of Reye syndrome.
The role of salicylates in the pathogenesis of Reye syndrome
remains unclear, although salicylate use commonly precedes
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