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Witness Statement Ref. No. I 292/2 I 
NAME OF CHILD: RAYCHEL FERGUSON (LUCY CRAWFORD) 

Name: Peter Crean 

Title: Doctor 

Present position and institution: 

Consultant Paediatric Anaesthetist, Royal Belfast Hospital for Sick Children 

Previous position and institution: Consultant in Paediatric Anaesthesia and Intensive Care 
[As at the time of tlze child's death] 

Membership of Advisory Panels and Committees: 
[Identiji; Vy date and title all of those behveen January 2000- September 2012] 

In N Ireland: 

Chairman of the Paediatric Anaesthetic Group in N Ireland 1999-2004 

Member of N Ireland Working Group on Hyponatraernia in Children 2001-2002 

Member of the Human Organs Enquire Implementation Sub-group on the guidance to 
the HPSS and consent 2002-2004. 

Member of the Human Organs Enquiry Implementation Sub-group on Public 
Information and Communication 2003. 

Northern Ireland Regional Paediatric Fluid Therapy Working Group 2006. 

Member of 'Pediatric Surgery Working Group Phase 1', Department of Health, N Ireland. 
2008 

Member of the Paediatric ENT Surgery Group, Department of Health, N Ireland, 2008-9 

Guideline and Audit Implementation Network (GAIN). Member of Guideline 

Development Group on Hyponatraernia in Adults. 2008-9 

National: 

Member of Working Group on Paediatric Anaesthesia and Emergency Care in District 
General Hospitals 2004-6. 

"Care of the acutely ill or injured child: a team response" published 2006 

Member of External Reference Group, Children's Hospital Service Pilot Improvement 
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Review, Healthcare Commission. 2004-2005 

Member of the Children's Surgical Forum, Royal College of Surgeons, England 2005-07 

President of the Association of Paediatric Anaesthetists of Great Britain and Ireland 2005-7 

'Joint statement on the provision of general paediatric surgery provision in the District 
General Hospital', 2006. Member of the working group and co-signatory as President of 
theAPA. 

Member of working group revising 'Children's Surgery: a first class service'. 2006-07. 
'Surgery for children- delivering a first class service' published July 2007 

NICE Guideline Development Group on Sedation in Children 2008- 2010 

NCEPOD Advisor 2009 - 2011 on deaths following surgery in children. 'Are We There Yet?' 
Published October 2011. 

Previous Statements, Depositions and Reports: 
[IdentifiJ lry date and title all those made in relation to the child's death] 

OFFICIAL USE: 
List of previous statements, depositions and reports: 

Ref: Date: 

WS-292/1 07-11-2012 Statement to the Inquiry 
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IMPORTANT INSTRUCTIONS FOR ANSWERING: 

Please attach additional sheets if more space is required. Please identify clearly any document to which you 
refer or rely upon for your answer. If the document has an Inquiry reference number, e.g. Ref 049-001-001 
which is 'Chart No.1 Old Notes', then please provide that number. 

If the document does not have an Inquiry reference number, then please provide a copt; of the document 
attached to your statement. 

(1) Please confirm that you were the consultant under whose care Lucy Crawford was admitted 
to PICU? 
Lucy was admitted under the care of Dr Seamus McKaigue. 

(2) Who was in charge of Lucy's care when she was a patient in PICU? 
She was jointly managed by the consultant anaesthetists in PICU and Dr Hanrahan, consultant 
paediatric neurologist. 

(3) Arising out of your answer to question 2 of WS-292/1, please clarify the arrangements 
which were in place at RBHSC in April 2000 for receiving patient notes by fax from another 
hospital and for delivering them to relevant clinicians in PICU? Were the notes sent 
directly to an office within PICU, and did a member of admin staff place the notes on the 
patient's chart? 
I am not sure that there were specific arrangements other than that faxes were sent to the fax 
machine in the Secretary's office, PICU. It is likely that these would have been brought to the 
attention of the clinicians, on arrival. It is also likely that a member of the administrative staff 
would have filed these notes in the patient's chart. 

(4) Arising out of your answer to question 8(b) of WS-292/1, please address the following 
matters: 

(a) List the potential causes of the acute neurological deterioration which you were 
aware of at the time of Lucy's death. 
I now have no specific recollection of the potential causes of the acute neurological 
deterioration that I was aware of at the time of Lucy's death but they are likely to 
have been the list of differential diagnoses entered into the chart by Dr Hanrahan 
(061-018-063). 

(b) You have indicated that Dr. Hanrahan took the lead with investigating these 
potential causes of the acute neurological deterioration. Insofar as you are aware, 
how was this matter investigated? 
From the notes it would appear various blood tests were carried out as part of the 
investigation. A CT scan was also performed. 

(c) You have indicated that you remember having concerns about Lucy's fluid 
management at the time. What do you think those concerns were? 
Although I have difficulty in remembering what my specific concerns were at this far 
removed from that time, I anticipate that my concerns would have been in relation to 
the lack of a fluid prescription with appropriate calculations documented, the 
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administration of volumes of hypotonic fluid in excess of maintenance requirements 
(my calculated maintenance fluid requirement for Lucy would have been 40 ml/hr), 
and the lack of clarity around the volume of fluid infused, as recorded in the fluid 
balance sheet. 

(d) You have said that it is difficult to separate your memory of having 
contemporaneous concerns regarding Lucy's fluid management, with what you 
have come to know subsequently. 

Explain what it is that you came to know subsequently about her fluid 
management which you did not know at the time of her death. 

What I came to know subsequently is that Lucy received 400 mi of 1/5 normal saline 
over a four hour period. 

(e) You have said that you knew at the time of Lucy's death that acutely developing 
hyponatraemia could cause neurological decompensation. 

In your evidence to the Inquest you acknowledged that the sodium level in Lucy's 
case "dropped 10 to 127 within a short period of time" (Ref: 013-021-074]. 

Did Lucy suffer acutely developing hyponatraemia? 

I used this term to differentiate acutely developing hyponatraemia from 
hyponatraemia which develops chronically. With Lucy, the hyponatraemia that 
developed was an acute event. 

(5) Arising out of your answer to question 8(c) of WS-29Z/1, you have explained the 
developments which led you to conclude that Lucy's care in the Erne Hospital should be 
further reviewed (in 2003), particularly the use of hypotonic fluids. 

Please explain what consideration was given at the time of Lucy's death to the concern that 
the administration of hypotonic fluids could have caused dilutional hyponatraemia to 
develop. If consideration was given to this issue, what conclusions were reached? 

If you or your colleagues did not give consideration to this issue at the time of her death, 
please explain why this was not done. 

I am unable to recollect what my considerations were at the time of Lucy's death. However, I 
would like to reflect on what I consider my knowledge of dilutional hyponatraemia to have 
been at the time of Lucy's admission. 

Hyponatraemia occurs commonly in children. Children admitted to hospital can have sodium 
levels in the high 120' s; these levels are not uncommon to see and do not necessarily cause 
harm. 

At the time of Lucy's admission to PICU, I knew of the 1992 Arieff paper in the BMJ and his 
editorial in the journal Paediatric Anaesthesia in 1998. I also knew that Adam Strain died of 
acute dilutional hyponatraemia. So it would be fair to say that I was aware of the problems 
associated with the infusion of hypotonic fluids in children and the potential for dilutional 
hyponatraemia to develop. At the time of Lucy's admission, Adam was the only child that I 
was aware of who had died from this condition in the Children's Hospital. His lowest sodium 
level was 119. I am now aware of Oaire's admission in 1996 and the details of her care. 
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In the Arieff paper in the BMJ in 1992 the majority of children had sodium levels of 120 or less, 
the highest level being 123. Also, I note that the sodium levels in relation to both Claire and 
Raychel were 121 and 118 respectively, when they became acutely unwell. 

Since Lucy's death there has been a great deal of debate regarding dilutional hyponatraernia in 
the medical literature. It became clear that, although the majority of children who developed 
neurological symptoms due to dilutional hyponatraernia had sodium levels of around 120 or 
less, this problem could also be seen in children with higher sodium levels. Moritz and Ayus 
reviewed this subject in their articles in 2005 (Pediatr Nephrology 20: 1687-1700) and 2010 
(Pediatr Nephrology 25: 1225-1238). They highlighted the fact that the average sodium level in 
children who developed hyponatraernic encephalopathy was 120. Moritz and Ayus also 
reviewed cases in the literature and, in their 2005 article, presented reports from 1992 to 2004 
of more than 50 children with this condition. Only a small number of these children 
developed hyponatraernic encephalopathy with sodium levels of above 125. Of those who did 
develop this condition, the only case report in their review to have appeared in the literature 
before Lucy's death had been published in 1997 (Pediatrics 99: 625-630). In their 2010 review, 
nine additional reports in the literature from 2005 to 2009 were presented; none of these had 
sodium levels above 125. 

With the knowledge available to me at the time of Lucy's admission to PICU, I do not think I 
would have considered a sodium level of 127 to have been low enough for me to have formed 
the opinion that dilutional hyponatraernia had caused Lucy's acute collapse. 

(6) In your answer to question 8(c) of WS-292/1., you have said that the Coroner asked you to 
review Lucy's chart. 

Please describe the steps that you took as part of this review, the conclusions which you 
reached, and the factors that you took into account when reaching these conclusions. 

I reviewed Lucy's chart at the request of the Coroner. 

Having been involved in the care of Raychel Ferguson in 2001, and with the knowledge gained 
as a member of the N Ireland Working Group on Hyponatraernia in Children 2001-2002, I 
believe I was reminded of distinct similarities in the management and subsequent collapse of 
both Lucy and Raychel. I believe the issue that caused me concern was Lucy's fluid 
management in the Erne Hospital and I was unable to exclude this as a potential cause of her 
acute deterioration. I expressed my concern to the Coroner. 

(7) Also at 8(c) you have cited a reference for a document as 006-061. Please check this reference 
and provide a copy of the document to which you refer. 
006-011-295 I 6 

(8) Arising out of your answer to question 8( d) of WS-292/1., please clarify whether you 
discussed the possible causes of Lucy's death with clinical colleagues at the time of her 
death? 
I have no recollection of this. 

If this issue was discussed, who was it that it was discussed with and what conclusions 
were reached? 

If you did not discuss the possible causes of Lucy's death with clinical colleagues at the 
time of her death, please explain why not? 
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As I am unable to recall whether it had been discussed or not I am unable to answer this 
question. 

(9) In your answer to question 13 of WS-297/1 you have said that the writing of a discharge 
letter would normally be undertaken by the consultant paediatrician or consultant surgeon 
in charge of the case. You have noted that an Inpatient/Outpatient Advice Note was 
completed. Arising out of that answer please address the following matters: 

(a) Who was the clinician in charge of Lucy's case? 
Dr Hanrahan 

(b) Are you suggesting that the Inpatient/Outpatient Advice Note was in essence the 
equivalent of a discharge letter? 
I am not suggesting this, however, a copy of the Advice Note is usually sent to the 
GP. 

(10) In your answer to question 15 of WS297/1 you have said that although Adverse Incident 
Reporting was introduced in 2000, it was not at that time embedded in practice at the date 
of Lucy's death. 

Arising out of that answer please address the following matters: 

(a) How are you aware that it took two years from 2000 to "roll out" adverse incident 
reporting across the organisation? 

Adverse incident reporting was introduced into the Royal Hospitals, including 
RBHSC, sometime in 2000, however, I am uncertain if this was in place at the time 
of Lucy's death. With its introduction, incident books would have been in place in 
the wards and could have been completed if an adverse incident occurred. This was 
a new policy that created a cultural change and would have taken time to have 
become fully embedded in practice. It is likely that this may have taken up to two 
years to have evolved. 

(b) During those two years, what steps were clinicians expected to take if they became 
aware of an adverse incident? Comment specifically on what was done in the case 
of Lucy? 
The expectation would have been that an incident form would have been completed 
if an adverse incident occurred. 

As the cause of Lucy's death was unexplained the Coroner was informed. 

(c) What was the function of adverse incident reporting? 
Incident and near miss reporting could be used as a means of identifying the risks to 
which patients, staff and members of the public may be exposed. 

This provided 
• staff an opportunity to participate in and effect changes in practice and 

procedures 
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• information to allow effective evaluation and monitoring of patient care and 
procedures 

• formal documentation to assist in the management of complaints, claims 
and investigations by statutory bodies 

(See attached Trust Policy- Adverse Incident Reporting May 2000) 

(d) If an adverse incident occurred after the system of reporting was embedded, 
explain the process by which such an incident was reported, who was responsible 
for reporting it and what steps could be taken after an incident was reported? 

When an adverse incident occurred, a record of what happened was completed. All 
staff were responsible for reporting adverse incidents. Each incident required a 
review of what happened, why it occurred, and steps taken to resolve the incident to 
prevent recurrence. (See attached document - 'Procedure for Adverse Incident 
Reporting Mar2000') 

(e) What were the criteria which determined whether an incident would be regarded 
as' adverse' so that it would have to be reported? 

An adverse event was defined as any unexpected or untoward event that has a 
detrimental effect on an individual patient, member of staff or public. This included 
near miss reporting. 

(f) Applying this criteria, would you have expected Lucy's death to have been 
reported in accordance with the adverse incident reporting arrangements, had they 
been embedded at the time? 

In April 2000 Lucy's death was unexplained. However, I do not think an 
unexplained death such as hers would necessarily have triggered an incident form to 
have been completed. 

Today, an incident form would be completed for all unexplained deaths. 

(11) Arising out of your answers to question 17 of WS-291/1, can you clarify who would have 
been responsible for presenting the circumstances surrounding the death of Lucy Crawford 
to the mortality section of the RBHSC Audit meeting on the 10 August 2000? 

I believe it would have been Dr Hanrahan. 

(12) Do you recognise the document at Ref: 061-005-012? If so, please explain what it refers to. 

I do not recognise this document. 

THIS STAT~E~RUE TO THE BEST OF MY KNOWLEDGE AN~ BELIEF 

Signed: -'( · (_~ Dated: .23, <f'Mc,'l-'1 Zo13 
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Abstract Dysnatremias are among the most common 
electrolyte abnormalities encountered in hospitalized pa­
tients. In most cases, a dysnatremia results from improper 
fluid management. Dysnatremias can occasionally result 
in death or permanent neurological damage, a tragic 
complication that is usually preventable. In this manu­
script, we discuss the epidemiology, pathogenesis and 
prevention and treatment of dysnatremias in children. We 
report on over 50 patients who have suffered death or 
neurological injury from hospital-acquired hyponatremia. 
The main factor contributing to hyponatremic encepha­
lopathy in children is the routine use of hypotonic fluids 
in patients who have an impaired ability to excrete free­
water, due to such causes as the postoperative state, 
volume depletion and pulmonary and central nervous 
system diseases. The appropriate use of 0.9% sodium 
chloride in parenteral fluids would likely prevent most 
cases of hospital-acquired hyponatremic encephalopathy. 
We report on 15 prospective studies in over 500 surgical 
patients that demonstrate that normal saline effectively 
prevents postoperative hyponatremia, and hypotonic flu­
ids consistently result in a fall in serum sodium. Hy­
ponatremic encephalopathy is a medical emergency that 
should be treated with hypertonic saline, and should never 
be managed with tluid restriction alone. Hospital-ac­
quired hypernatremia occurs in patients who have re­
stricted access to fluids in combination with ongoing free­
water losses. Hypematremia could largely be prevented 
by providing adequate free-water to patients who have 

M. L. Moritz (0) 
Division of Nephrology, Department of Pediatrics, 
Children's Hospital of Pittsburgh, 
The University of Pittsburgh School of Medicine, 
3705 Fifth Ave .• Pittsburgh, PA, 15213-2538, USA 
e-mail: Michael.Moritz@chp.edu 
Tel.: +1-412-6925182 
Fax: +1-412-6927443 

J. C. Ayus 
Division of Nephrology, Department of Medicine, 
University of Texas Health Science Center at San Antonio, 
San Antonio, TX, USA 

ongoing free-water losses or when mild hypematremia 
(Na>l45 mE/1) develops. A group at high-risk for neu­
rological damage from hypematremia in the outpatient 
setting is that of the breastfed infant. Breastfed infants 
must be monitored closely for insufficient lactation and 
receive lactation support. Judicious use of infant formula 
supplementation may be called for until problems with 
lactation can be corrected. 

Keywords Hypematremia · Hyponatremia · Cerebral 
edema · Myelinolysis · Fluid therapy 

Introduction 

Dysnatremias are a common electrolyte abnormality in 
children in both the inpatient and outpatient settings. A 
serious complication of dysnatremias is brain injury. 
Brain injury is an especially tragic complication because 
in most cases it is a result of improper fluid management 
or inappropriate therapy. While there are numerous 
causes of dysnatremias in children, there are a few set­
tings where the neurological sequelae are most common, 
and therefore could be prevented. Our goals are to point 
out the dangers of dysnatremias [1], outline the most 
important measures that can be instituted for prevention 
of dysnatremias [2] and discuss how to recognize and 
treat symptomatic dysnatremias [3]. 

Prevention and treabnent 
of hyponatremic encephalopathy 

Pathogenesis of hyponatremia 

Hyponatremia, defined as a serum sodium <135 mEq/1, is 
a common disorder that occurs in both the inpatient and 
outpatient settings. The body's primary defense against 
developing hyponatremia is the kidney's ability to gen­
erate a dilute urine and excrete free-water. Rarely is ex­
cess ingestion of free-water alone the cause of hypona-
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Table 1 Disorders in impaired renal water excretion 

I. Effective circulating volume depletion 
a. Gastrointestinal losses: vomiting, diarrhea 
b. Skin losses: cystic fibrosis 
c. Renal losses: salt wasting nephropathy, diuretics, 

cerebral salt wa sting, hypoaldostcronism 
d. Edemetous states: heart failure, cirrhosis, nephrosis, 

hypoalbuminemia 
e. Decreased peripheral vascular resistance: sepsis, hypothyroid 

2. lliazide diuretics 
3. Renal failure 

a. Acute 
b. Chronic 

4. Non~hypovolemic states of ADH excess 
a. Central nervous system disturbances: 

meningitis, encephalitis, brain tumors, head injury 
b. Pulmonary disease: pneumonia, asthma, bronchiolitis 
c. Cancer 
d. Medications: cytoxan, vincristine, morphine, SSRis, 

carbamazepine 
e. Nausea, emesis, pain, stress 
f. Postoperative state 
g. Cortisol deficiency 

tremia, as an adult with nonnal renal function can typi­
cally excrete over 15 l of free-water per day. It is also rare 
to develop hyponatremia from excess urinary sodium 
losses in the absence of free-water ingestion. In order for 
hyponatremia to develop it typically requires a relative 
excess of free-water in conjunction with an underlying 
condition that impairs the kidney's ability to excrete free­
water (Table 1). Renal water handling is primarily under 
the control of argenine vasopressin (A VP), which is 
produced in the hypothalamus and released from the 
posterior pituitary. A VP release impairs water diuresis by 
increasing the penneability to water in the collecting tu­
bule. There are osmotic, hemodynamic and non-hemo­
dynamic stimuli for A VP release. In most cases of hy­
ponatremia there is a stimulus for vasopressin production 
that results in impaired free-water excretion. The body 
will attempt to preserve the extracellular volume at the 
expense of the serum sodium; therefore, a hemodynamic 
stimulus for A VP production will override any inhibitory 
hypoosmolar effect of hyponatremia [I]. There are nu­
merous stimuli for A VP production (Table I) that occur in 
hospitalized patients that can make virtually any hospi­
talized patient at risk for hyponatremia. 

Epidemiology of hyponatremic encephalopathy 

Moderate hyponatremia) defined as a serum sodium 
<130 mEq/1, occurs in over I% of hospitalized children 

[2]. A major consequence of hyponatremia is the influx of 
water into the intracellular space resulting in cellular 
swelling, which can lead to cerebral edema and enceph­
alopathy. Hyponatremic encephalopathy is a serious 
complication of hyponatremia that can result in death or 
permanent neurological injury. The true incidence of 
hyponatremic encephalopathy in hospitalized children is 
unknown as large prospective studies have not been done. 
A critical review of retrospective studies in children re­
veals that encephalopathy is a common complication of 
hyponatremia in both the inpatient and outpatient setting. 

Over 50% of children with a serum sodium <125 mEq/ 
l will develop hyponatremic encephalopathy (Table 2). 
Hospital-acquired hyponatremic encephalopathy is most 
often seen in association with the syndrome of inappro­
priate antidiuretic honnone secretion (SIADH) or in the 
postoperative period [3, 4, 5]. SIADH is caused by ele­
vated ADH secretion in the absence of an osmotic or 
hypovolemic stimulus [6]. SIADH can occur because of a 
variety of illnesses, but most often occurs because of 
central nervous system (CNS) disorders, pulmonary dis­
orders, malignancies and medications. Hyponatremia 
from SIADH is particularly dangerous in children with 
CNS injury such as encephalitis, as mild hyponatremia 
(sodium <135 mEq/1) has been associated with neuro­
logical deterioration and herniation [7, 8]. A common 
contributing factor in hospitalized children with SlADH 
who develop hyponatremic encephalopathy is the ad­
ministration of hypotonic intravenous fluids. 

Postoperative hyponatremia is a serious problem in 
children; the majority of deaths resulting from hypona­
tremic encephalopathy have been reported in healthy 
children following routine surgical procedures [3, 4, 9]. 
Postoperative hyponatremia is caused by a combination of 
nonosmotic stumuli for ADH release, such as subclinical 
volume depletion, pain. nausea, stress, narcotics edema­
fanning conditions and the administration of hypotonic 
fluids. It is estimated that the mortality directly at­
tributable to hyponatremic encephalopathy in children 
with postoperative hyponatremia (sodium <129 mEq/1) is 
8% [3]. The most important factors resulting in postop­
erative hyponatremic encephalopathy are the failure to 
recognize the compromised ability of the patient to 
maintain free-water and the administration of hypotonic 
fluids. 

Hyponatremic encephalopathy is also a concern in the 
outpatient setting [10, II, 12]. It is primarily attributable 
to oral water intoxication in infants. Overall, 10% of 
children less than 2 years of age presenting to the emer­
gency department with seizures are found to have hy­
ponatremic encephalopathy (sodium <126 mEq/1) [10]. Of 

Table 2 Incidence of hyponatremic encephalopathy in hospitalized children 

Author 

Wattad et al. 1992 
Sarnaik et aL 1991 
Halberthal et al. 2001 

Reference no. 

[2] 
[5] 
[4] 

Inclusion criteria serum Na (rnEq/1) 

<125 
<125 
<130 in 48 h 

Incidence of hyponatremic encephalopathy (%) 

53 
60 
78 
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those children with no other recognized cause of seizures, 
the incidence of hyponatremic encephalopathy is 56% for 
children less than 2 years of age and 70% for children less 
than 6 months of age. Over 50% of patients with febrile 
seizures have hyponatremia, with the degree of hypona­
tremia being predictive of a repeat seizure during the 
same febrile period [13]. 

Prevention of hospital acquired-hyponatremic 
encephalopathy (avoid hypotonic maintenance 
parenteral fluids) 

There is substantial evidence demonstrating that the 
routine administration of hypotonic fluids, as initially 
proposed by Holliday and Segar almost 50 years ago [14], 
can result in fatal hyponatremic encephalopathy [3, 4, 7, 
8, 15, 16]. Holliday and Segar's initial recommendations 
primarily addressed the water needs for children in par­
enteral fluid therapy. The maintenance need for elec­
trolytes was discussed in only one paragraph, where they 
surmised that the electrolyte composition of intravenous 
fluids should approximate that of human and cow milk. 
Holliday and Segar's paper was published in 1957 [14], 
the same year that Schwartz et a!. described the first re­
port of SIADH [17]. Since that time it has become ap­
parent that there are numerous non-osmotic stimuli for 
ADH production in hospitalized children (Table 1), 
making the routine use of hypotonic fluids an unphysio­
logic and potentially dangerous therapy. In a recent report 
we pointed out the dangers of the routine use of hypotonic 
saline in maintenance parenteral fluids [9], as it has re­
sulted in over 50 cases of death or neurological injury in 
children (Table 3). Other investigators, including Holli­
day, have since concurred that the administration of hy­
potonic parenteral fluids can result in dangerous hypo­
natremia [15, 16, 18, 19, 20, 21, 22]. Hanna eta!. reported 
the incidence of hyponatremia to be 33% in infants 
transferred to the ICU with bronchiolitis, with 4% suf­
fering hyponatremic encephalopathy. Hoorn et a!. re­
ported the incidence of acute hospital-acquired hypona­
tremia to be 10% in children presenting to the emergency 
department with a normal serum sodium. F1ve percent of 
these children went on to develop neurological sequelae. 
Hypotonic fluids were the main contributing factor for 
developing hyponatremia in both studies. In Table 3 we 
report on 3 additional children in western Pennsylvania 
who have suffered death or permanent neurological injury 
from hospital-acquired hyponatremia related to the ad­
ministration of hypotonic fluids. A 3-week-old child was 
treated in a fashion that was recently recommended by 
Holliday [22], with a bolus of 0.9% NaCl followed by 
maintenance hypotonic fluids, while the other 2 received 
excessive hypotonic fluids as bolus therapy. 

We have argued that administering isotonic saline in 
maintenance parental fluids is the most physiologic ap­
proach to preventing hospital-acquired hyponatremia [9]. 
Children requiring parenteral fluids should be considered 
to be at risk for developing hyponatremia, as the majority 
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will have a hemodynamic or non-hemodynamic stimulus 
for ADH production (Table 1), resulting in impaired free­
water excretion. The administration of hypotonic fluids to 
a patient with impaired free-water excretion resulting 
from ADH excess will predictably result in hyponatremia. 
Prospective studies in over 500 postoperative children and 
adults have demonstrated that isotonic saline effectively 
prevents the development of hyponatremia and that hy­
potonic fluids consistently result in hyponatremia (Ta­
ble 4). There is no rationale for administering hypotonic 
fluids unless there is a free-water deficit, hypernatremia 
or ongoing free-water losses, from such causes as diarrhea 
or a renal concentrating defect (Table 5). In fluid overload 
states such as nephrosis, cirrhosis, congestive heart failure 
or glomerulonephritis, both sodium and fluid restriction 
are of paramount importance to prevent hyponatremia and 
fluid overload. Even in fluid overload states, an argument 
could be made to use 0.9% sodium chloride at a greatly 
restricted volume, as excess free-water could contribute to 
hyponatremia. 

Some have advocated fluid restriction as the preferred 
therapy to prevent hospital-acquired hyponatremia [21, 
23]. While this approach may be effective, it is unphys­
iologic and potentially dangerous as it could perpetuate a 
state of subclinical volume depletion [24]. Most children 
who are admitted to the hospital in need of parenteral 
fluid, such as with pulmonary infections, central nervous 
system infection or gastrointestinal disease, have some 
degree of volume depletion (Table 5). In many cases this 
will be subclinical and difficult to assess on physical 
examination [25]. Fluid restriction would perpetuate such 
a state of volume depletion, which could be harmful. The 
administration of maintenance isotonic saline would both 
serve as an excellent volume expander and eliminate 
unnecessary free-water administration. 

Concerns have been raised that the administration of 
isotonic saline in maintenance parenteral fluids could 
result in additional complications not seen with hypotonic 
fluids, such as hypernatremia, acidosis or fluid overload 
[26]. Isotonic saline should not result in hypernatremia 
unless there is a renal concentrating defect, significant 
extrarenal renal free-water losses or prolonged fluid re­
striction (Table 5). In general, the kidney is able to gen­
erate free-water by excreting hypertonic urine, therefore 
providing sufficient free-water to replace insensible 
losses. It is also a misconception that the high chloride 
concentration in isotonic saline could result in acidosis. 
The pH of 0.9% sodium chloride in 5% dextrose in water 
is the same as that of 5% dextrose in water, pH 4. The 
acidosis reported with isotonic saline is a dilutional phe­
nomenon resulting from rapid expansion of the extracel­
lular volume [27]. This would not be expected with 
maintenance fluids. Isotonic saline should also not cause 
fluid overload, unless there is an impaired ability to ex­
crete sodium, such as in an edematous state or acute 
glomerulonephritis (Table 5). In this situation fluid re­
striction would be required. 

Excessive fluid administration is a risk factor for de­
veloping hyponatremia [15]. Many of the neurological 
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Table 3 Neurological injury due to hospital-acquired hyponatremia in children receiving hypotonic 
disclosed fluids. D5 5% dextrose; ND not 

Author Age Setting Intravenous 
(yem) fluid 

Duke [99] 0.15 Meningitis 0.18% NaCI 
Jenkins [19] ND ND Hypotonic 
Jackson [100] 1.5 Influenza D:'i water 

3 Meningitis Ds water 
Keating [12] 3 Dehydration 0 5 water 

2 Hip surgery Hypotonic 
Gregorio [101] 4 Gastroenteritis D5 0.45% NaCl 

Hoom [15] ND ND Hypotonic 
Arieff [3] 3.5 Tonsillitis Hypotonic 

5 Tonsillectomy 
4 Tonsillectomy 

15 Tonsillectomy 
3.5 Tonsillectomy 

12 Fracture setting 
4 Fracture setting 
3 Tonsillectomy 
1.5 VP shunt 
9 Fracture setting 

15 Fracture setting 
4 Tonsillectomy 
2 Orchiopexy 
6 Nasal packing 

12 Appendectomy 
12 Pneumonia 

Halberthal [4] ND ND Hypotonic 
Playfor [20] I Gastroenteritis D4 0.18% NaCI 
Armour [102] 4 Renal transplant Hypotonic 
Eldredge [103] 5 Cerebral palsy, D5 0.225% NaCI 

slit ventricles, 
heal cord repair 

8 Slit ventricles, D5 0.45% NaCI 
spinal surgery 

Paut [104] ND Postoperative Hypotonic 
McRae [105] 10 Tonsillectomy Hypotonic 

6 Tonsillectomy D5 0.2% NaC1 
Hughes [106] 3 Spinal surgery D4 0.18% NaCI 
Cowley [107] ND Spinal surgery Hypotonic 
McJunkin [7] <15 LaCrosse D5 0.45% NaC1 

encephalitis 
Moritz 0.06 Dehydration D, 0.225% NaCI 

5 Tympanoplasty Hypotonic 

0.9 Gastroenteritis D5 0.3% NaCI 

complications from hospital-acquired hyponatremia re­
sulted from fluid administration well in excess of that 
recommended by Holliday and Segar (Table 3) [14]. 
Hyponatremia could develop even from the excess ad­
ministration of isotonic saline if there is impaired urine 
dilution with a fixed urine osmolality of ::>:: 500 mOsm!kgl 
H20. This is of particular concern in the neurosurgical 
patient, who is at risk for cerebral salt wasting. It has been 
reported in postoperative neurosurgical patients that iso­
tonic saline may not be sufficient prophylaxis against 
hyponatremia (Table 4) [28]. The administration of par­
enteral fluids should be considered an invasive procedure 
requiring close monitoring. 

Sodium Complication 
value 
(mEq/1) 

137 to 131 Cerebral edema, dilated pupil 
<130 2 deaths 

120 Death, cerebral edema 
128 Death, cerebral edema 
133 to 114 Death, cerebral edema 
112 Death, cerebral edema 
136to 118 Respiratory arrest, seizure, cerebral 

demyelination 
142-128 Death, cerebral edema, cardiac arrest 
139 to 114 Quadriplegia 
141 to 123 Death 
139 to 115 Death 
141 to 101 Death 
138 to 121 Death 
137 to 120 Mental retardation 
139 to 118 Death 
137toll3 Death 
137 to 114 Vegetative 
137 to 120 Vegetative 
138 to 102 Vegetative 
138 to 107 Death 
138 to 116 Death 
138 to 119 Death 
137 to 123 Death 
134tol16 Vegetative 

<130 5 deaths, I neurological damage 
137 to 120 Death, respiratory arrest, cerebral edema 
139to 119 Death, respiratory arrest, cerebral edema 
127 Death, cardi<rrespiratory arrest 

129 Insertion of subdural bolt with eventual 
recovery 

118 Death 
115 Death, pulmonary edema, cerebral edema 
122 Death, respiratory arrest, cerebral edema 
118 Death, respiratory arrest, cerebral edema 
118 Death, respiratory arrest, cerebral edema 
138 to 134 I3 with neurological deterioration: 3 cerbral 

herniation, 6 status epilepticus, I coma 
141 to 119 Cardio·respiratory arrest, cerebral edema, 

neurological devastation 
123 Cardiac arrest, cerebral edema, 

neurological devastation 
136 to 126 Death, cardio·respiratory arrest, cerebral 

edema 

Clinical manifestation of hyponatremic encephalopathy 

The symptoms of hyponatremic encephalopathy are quite 
variable among individuals with the only consistent 
symptoms being headache, nausea, vomiting, emesis and 
weakness [29]. As cerebral edema worsens, patients then 
develop behavioral changes and impaired response to 
verbal and tactile stimuli. Advanced symptoms are signs 
of cerebral herniation and include seizures, respiratory 
arrest, neurogenic pulmonary edema, dilated pupils and 
decorticate posturing. Arrhythmias have also been re­
ported [30]. Not all patients have the usual progression in 
symptoms, and advanced symptoms can present sud­
denly. 
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Table 4 Relationship between Age Authors Surgical n Fluid Preop. Postop. postoperative fluid composition 
and change in serum sodium. group procedure composition Na mEqn Na mEq/1 
0.9% NaCl=[Na] 154 mEqn. Adult Steele 1997 Gynecological RL Ringer's lactate [NaJ 

22 RL intraop., 140±0.5 136±0.5 
[108] 0.9% NaCI 131 mEqn. Hartmann's 13/ postop. Hartmann' solution [Na} Adult Bomberger 1986 Aortic 102 RL 138±0.7 137.9±0.7 131 mEqn. PlasmJllyte /48 [Na] [109] 80 0.45% NaCI 138±0.5 133.5±1.1 148 mEqll. NA not available Adult Scheingraber Gynecological 12 0.9% NaCI 140±1.8 141.9±2 
1997 [27] 12 RL 140±1.8 137.8±1.4 

Adult Tindall 1981 Vagotomy 6 0.9% NaCl 140±0.86 139.4±0.78 
[110] 6 o,w 140±0.86 131.8±0.7 

Adult Stillstrom 1987 Cholecystecto· 9 RL 141±0.8 138±0.7 
[III] my 9 0.45% NaCl 140±0.7 137±6.7 

9 o,w 138±0.6 134±Ll 
Adult McFarlane 1994 Hepatobiliary 15 0.9% NaCl 141±3.1 142±1.3 

[112] 15 Plasmalyte 148 139±3.4 139.6±1.8 
Adult Wilkes 2001 Elective 24 0.9% NaCl 141±3.1 142±1.3 

[113] (general) 23 Hartmann's 131 137.8±2.7 137±2.7 
Adult Waters 2001 Aortic 33 0.9% NaCl 141±3 143±4 

[114] 33 RL t42±3 139±3 
Adult Takil2002 [tl5] Spinal t5 0.9% NaCI t40±2 143±3 

15 RL t42±3 136±4 
Adult Boldt 2002 Abdominal 21 0.9% NaCI 134±3 t35±4 

[lt6] (cancer) 21 RL 136±2 133±3 
Pediatric Burrows 1983 Spinal 4 RL 138±2.7 135±1.9 

[117] 20 0.45 or 0.22% 138±1.7 13t±2.8 
NaCI 

Pediatric Brazel t996 Spinal 5 Hartmann's 131 141±2.8 138.t±l.9 
[tt8] 7 0.3 or O.t8% t39.5±1.9 t29.5±3.7 

NaCI 
Pediatric Judd 1990 [119] Tonsillectomy 6 0.9% NaCl t40• 141.2±1.2 
Pediatric Levine 1999 Cranial vault 10 0.9% NaCl NA 132.3±2.45 

[28] 
Pediatric Cowley t988 Spinal 8 0.45% NaCI 140.6±l.t 132.7±1.6 

[107] 

"' Standard deviation not available 

Risk factors for developing hyponatremic encephalopathy 

Age 

Children under 16 years of age are at increased risk for 
developing hyponatremic encephalopathy due to their 
relatively larger brain to intracranial volume ratio as 
compared with adults [3, 31]. A child's brain reaches 
adult size by 6 years of age, whereas the skull does not 
reach adult size until 16 years of age [32, 33]. Conse­
quently, children have less room available in their rigid 
skulls for brain expansion and are likely to develop brain 
herniation from hyponatremia at higher serum sodium 
concentrations than adults. The average serum sodium in 
children with hyponatremic encephalopathy is 120 mEqll 
[5, 34], while that in adults is Ill mEqll [5, 34, 35, 36]. 
Animal data also suggest that prepubertal children may 
have impaired ability to regulate brain cell volume due to 
diminished cellular sodium extrusion related to lower 
testosterone levels [31]_ Children will have a high mor­
bidity from symptomatic hyponatremia unless appropriate 
therapy is instituted early [3, 4, 7, 8, 9]. 

Hypoxia 

Hypoxia is a major risk factor for the development of 
hyponatremic encephalopathy. The occurrence of a hyp­
oxic event such as respiratory insufficiency is a major 
factor militating against survival without permanent brain 
damage in patients with hyponatremia [37]. The combi­
nation of systemic hypoxia and hyponatremia is more 
deleterious than is either factor alone because hypoxia 
impairs the ability of the brain to adapt to hyponatremia, 
leading to a vicious cycle of worsening hyponatremic 
encephalopathy [38]: hyponatremia in tum leads to a 
decrement of both cerebral blood flow and arterial oxygen 
content [39]. Patients with symptomatic hyponatremia 
can develop hypoxia by one of at least two different 
mechanisms: neurogenic pulmonary edema or hypercap­
nic respiratory failure [39]. Respiratory failure can be of 
very sudden onset in patients with symptomatic hypona­
tremia [37, 40]. Prompt recognition of neurogenic pul­
monary edema and treatment with hypertonic saline are 
imperative, as failure to treat is almost always fatal [40]. 
The majority of neurological morbidity seen in patients 
with hyponatremia has occurred in patients who have had 
a respiratory arrest as a feature of hyponatremic enceph­
alopathy [3, 35, 36, 37, 41]. Recent data have shown that 
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Table 5 Adjusting maintenance 
parenteral fluids for disease 
states 

Isotonic saline 
(0.9% sodium chloride) 

Effective circulating 
volume depletion 
e Dehydration 
e Salt wasting nephropathy 

0 Banter syndrome 
0 Adrenal insufficiency 

e Decreased peripheral vascular 
resistance 
0 Sepsis 
0 Hypothyroid 

Non-hypovolemic states 
of ADH excess 
e Central nervous system 

disturbances 
0 Meningitis 
0 Encephalitis 
0 Brain tumors 
0 Head injury 

e Pulmonary disease 
0 Pneumonia 
0 Asthma 
0 Bronchiolitis 

e Cancer 
e Medications 

0 Cytoxan 
0 Vincristine 
0 Narcotics 
0 Carbamazepine 
0 SSR!s 

e Nausea, emesis, pain, stress 
e Postoperative state 
e Glucocorticoid deficiency 

hypoxia is the strongest predictor of mortality in patients 
with symptomatic hyponatremia [42]. 

Therapy of hyponatremic encephalopathy 

In general, correction with hypertonic saline is unneces­
sary and potentially harmful if there are no neurological 
manifestations of hyponatremia. Symptomatic hypona­
tremia, on the other hand, is a medical emergency. Once 
signs of encephalopathy are identified prompt treatment is 
required in a monitored setting, even before imaging 
studies are performed. The airway should be secured; 
endotrachial intubation and mechanical ventilation may 
be necessary. Symptomatic hyponatremia should never be 
treated with fluid restriction alone. If symptomatic hy­
ponatremia is recognized and treated promptly, prior to 
developing a hypoxic event, the neurological outcome is 
good [5. 36. 41. 43]. 

Patients with symptomatic hyponatremia should be 
treated with hypertonic saline (3%, 513 mEqfl) using an 
infusion pump. The rate of infusion should raise the 
plasma sodium by about I mEq/1 per hour until either (I) 
the patient is alert and seizure free. (2) the plasma sodium 
has increased by 20 mEqfl or (3) a serum sodium of about 
125-130 mEqfl has been achieved, whichever occurs first 
[5, 41. 43, 44, 45, 46. 47, 48, 49]. If the patient is actively 
seizing or with impending respiratory arrest the serum 

Fluid restriction 

Edematous states 
e Congestive heart failure 
e Nephrosis 
e Cirrhosis 
e Hypoalbuminemia 
Renal insufficiency 
e Acute glomerulonephritis 
e Acute tubular necrosis 
e End stage renal disease 

Hypotonic fluids 

Free-water deficit 
e Hypernatremia 
Renal concentrating defect 
e Congenital nephrogenic 
diabetes insibidus 
e Sickle cell disease 
e Obstructive uropathy 
e Reflux nephropathy 
e Renal dysplasia 
e Nephronophthisis 
e Tubulo-interstitial nephritis 
Extra-renal free-water losses 
e Burns 
e Premature neonates 
e Fever 
e Infectious diarrhea 

sodium can be raised by as much as 4-8 mEqfl in the first 
hour or until the seizure activity ceases [48]. Prospective 
studies have demonstrated that the optimal rate of cor­
rection of symptomatic hyponatremia is approximately 
15-20 mEq in 48 h, as patients with correction of hypo­
natremia in this range have a much lower mortality and an 
improved neurological outcome compare to those with a 
correction of less than 10 mEq in 48 h [36, 41]. Assuming 
that total body water comprises 50% of total body weight, 
I ml/kg of three percent sodium chloride will raise the 
plasma sodium by about I mEqfl. In some cases furose­
mide can also be used to prevent pulmonary congestion 
and to increase the rate of serum sodium correction. 

Risk factors for developing cerebral demyelination 

Cerebral demyelination is a rare complication that has 
been associated with symptomatic hyponatremia [50]. 
Animal data have demonstrated that correction of hypo­
natremia by >25 mEqfl in 24 h is associated with cerebral 
demyelination [51, 52]. This has resulted in a mistaken 
belief that a rapid rate of correction is likely to result in 
cerebral demyelination [53]. In fact, studies have shown 
that the rate of correction has little to do with the devel­
opment of cerebral demyelinating lesions, and that lesions 
seen in hyponatremic patients are more closely associated 
with other comorbid factors or the magnitude of correc-
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Table 6 Risk factors for developing cerebral demyelination in 
hyponatremic patients 

Risk factor 

I. Development of hypernatremia 
2. Increase in serum sodium exceeding 25 mrnolll in 48 h 
3. Hypoxemia 
4. Severe liver disease 
5. Alcoholism 
6. Cancer 
7. Severe burns 
8. Malnutrition 
9. Hypokalemia 

10. Diabetes 
II. Renal failure 

tion in serum sodium (Table Table 6) [41, 52, 54, 55, 56]. 
In one prospective study it was observed that hypona­
tremic patients who develop demyelinating lesions had 
either (I) been made hypematremic inadvertently, (2) had 
their plasma sodium levels corrected by greater then 
25 mmolll in 48 h, (3) suffered a hypoxic event or (4) had 
severe liver disease [41]. Some data have suggested that 
azotemia may decrease the risk of developing cerebral 
demyelination [57]. 

When symptomatic cerebral demyelination does fol­
low the correction of hyponatremia, it typically follows a 
biphasic pattern. There is initially clinical improvement of 
the hyponatremic encephalopathy associated with cor­
rection of the serum sodium, which is followed by neu­
rological deterioration 2 to 7 days later [37, 58]. Cerebral 
demyelination can be both pontine and extrapontine. 
Classic features of pontine demyelination include mutism, 
dysarthria, spastic quadriplegia, pseudobulbar palsy, a 
pseudocoma with a "locked-in stare" and ataxia [59]. The 
clinical features of extrapontine lesions are more varied, 
including behavior changes and movement disorders. 
Radiographic features of cerebral demyelination typically 
lag behind the clinical symptomatology [60]. Cerebral 
demyelination is best diagnosed on MRI approximately 
14 days following correction [61]. The classic radio­
graphic findings on MRI are symmetrical lesions that are 
hypointense on Tl-weighted images and hyperintense on 
T2-weighted images [62]. Some data suggest that cerebral 
demyelination can be detected earlier on MRI with dif­
fusion-weighted imaging [60]. 

The outcome of cerebral demyelination in not as se­
vere as was previously believed [63]. Cerebral demy­
elination has been found to be an incidental finding on 
neuroimaging and at autopsy in patients with chronic 
illnesses [64]. In most reported cases of cerebral demy­
elination attributed to dysnatremias, long-term follow-up 
has demonstrated improvement in neurological symptoms 
and regression of radiographic findings [58, 63]. The 
primary cause of brain damage in patients with hypona­
tremia is not cerebral demyelination, but cerebral edema 
and herniation [35, 36, 65]. Most brain damage occurs in 
untreated patients and is not a consequence of therapy; 
therefore, patients with symptomatic hyponatremia need 
prompt therapy. 
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Patients with hyponatremia due to water intoxication, 
diarrheal dehydration, thiazide diuretics or dDA VP are at 
high risk for overcorrection of hyponatremia and require 
extreme care and monitoring. In these illnesses, once 
volume depletion is corrected or when the offending 
medication is discontinued, there will be a reversal of the 
urine osmolality from concentrated to dilute, resulting in a 
free-water diuresis with a potentially rapid overcorrection 
of hyponatremia if saline-containing fluids are adminis­
tered. This will not typically occur in SIADH, as this is a 
saline-resistant hyponatremia. To prevent an overcorrec­
tion of hyponatremia, hypotonic fluids and possibly even 
dDA VP may have to be given. It has also been demon­
strated that where there is an overcorrection of hypona­
tremia, a therapeutic re-lowering can ameliorate the 
symptoms of cerebral demyelination [66]. Children with 
symptomatic hyponatremia should have close neurologi­
cal follow up for the first few months as neurological 
sequelae can be subtle and a delayed phenomenon. 

Case illustrations (beware of formulas) 

It is tempting to rely on formulas to aid in correcting the 
serum sodium in dysnatremias. Unfortunately, these 
equations either assume that the body is a closed system 
[67] or require the assistance of a programmable calcu­
lator [68]. Equations that assume the body is a closed 
system and do not account for renal water handling are 
physiologically incorrect and can result in either an over­
correction or an under-correction in serum sodium. There 
are two groups of patients in which closed system equa­
tions that do not take into account urinary losses will 
result in a significant miscalculation. The first group is 
patients who will have a natriuresis associated with vol­
ume expansion. Examples would be SIADH, postopera­
tive states and cerebral salt wasting. In this situation, 
closed-system equations will underestimate the change in 
serum sodium. The second group is patients who will 
have a reverse urine osmolality or free-water diuresis 
following volume expansion with saline. Examples would 
be patients with psychogenic polydypsia, discontinuation 
of dDA VP, water intoxication (primarily in infants) and 
diarrheal dehydration. These patients require special care, 
as saline administration can result in a brisk free-water 
diuresis and, consequently, overcorrection of hyponatre­
mia, which leads to brain damage. It must be emphasized 
that any formula that does not take into account the uri­
nary response will be inaccurate and should only be used 
as a rough guide to aid in therapy. Below are illustrative 
cases of hyponatremic encephalopathy. 

Case I: SIADH 

A 1 0-kg !-year-old child is admitted to the hospital for 
severe bronchiolitis with hypoxia and tachypnea. The 
child is placed on parenteral fluids with 0.225% sodium 
chloride in 5% dextrose in water at a rate of 40 mllh. 
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Twenty-four hours following admission the child suffers a 
generalized tonic-clonic seizure. Biochemistries reveal 
serum sodium 122 mEq/1, potassium 4 mEq/1, blood urea 
nitrogen 2 mg/dl, creatinine 0.3 mg/dl, osmolality 
238 mOsmlkg H20, urine osmolality 400 mOsm/kg H20 
and urine sodium plus potassium concentration 90 mEq/1. 

This child has developed hyponatremic encephalopa­
thy due to the administration of hypotonic fluid in the 
setting of SIADH associated with pulmonary disease. An 
acute elevation in serum sodium is required as the child is 
actively seizing. Assuming that total body water is 50% of 
body weight, I ml/kg of 3% sodium chloride will increase 
the serum sodium by I mEq/1 in a closed system. Over 
I h, 5 ml/kg (50 ml) of 3% sodium chloride is adminis­
tered to increase the serum sodium by 5 mEq/1. Following 
the infusion the serum sodium is 126 mEq/1, slightly 
lower than predicted due to urinary sodium losses, and 
seizures have abated. The patient is then fluid restricted 
with 20 mllh of 0.9% sodium chloride in I 0% dextrose in 
water and slowly corrects over the next 48 h. 

Case 2: cerebral salt wasting 

A 10-kg !-year-old child is admitted for surgical removal 
of an astrocytoma. Postoperatively, this child is placed on 
0.9% sodium chloride in 5% dextrose in water at a rate of 
40 mllh as prophylaxis against hyponatremia. Twenty­
four hours following surgery, the child's level of alertness 
has decreased, and is having dry heaves. The child is in 
negative fluid balance by 400 ml with a 0.5 kg weight loss 
and is tachycardic. Serum biochemistries reveal serum 
sodium 123 mEq/1, potassium 4 mEq, blood urea nitrogen 
10 mEq/1, creatinine 0.3 mg/dl, osmolality 240 mOsmlkg 
H20, urine osmolality 600 mOsmlkg H20 and urine so­
dium plus potassium concentration 250 mEq/1. 

Despite prophylaxis with normal saline, this child de­
veloped severe hyponatremia from a hypertonic urine 
from cerebral salt wasting. The child is symptomatic, but 
is not actively seizing and without respiratory compro­
mise; therefore, a rate of correction of I mEq/1/h would be 
a safe initial rate of correction until neurological symp­
toms improve. The child is given two 200 ml boluses of 
0.9% sodium chloride to correct the volume deficit. 
Continuous parenteral fluids consist of 30 mllh of 3% 
sodium chloride (513 mEq/1) and 30 ml!h of0.9% sodium 
chloride in 10% dextrose in water. This would result in an 
average sodium concentration for both fluids combined of 
333 mEq/1. Assuming ongoing urinary losses of 60 mUh, 
the serum sodium would correct by about I mEqlh, far 
less than the 3 mEqlh predicted by a closed-system 
equation. The rate of infusion of saline and 3% sodium 
chloride would be further adjusted to match urine output 
and control the rate of correction of serum sodium. 

Case 3: thiazide diuretic 

A 3-kg 5-month-old infant, born pre-term, is evaluated in 
the emergency department for lethargy and irritability. 
The child is on hydrochlorothiazide for bronchopulmo­
nary dysplasia and is fed Neocate infant formula. Lab 
work is obtained and the child is bolused with 20 ml/kg of 
0.9% sodium chloride. Biochemistries reveal serum so­
dium I 05 mEq/1, potassium 3.2 mEq/1, total C02 30 mEq/ 
I, blood urea nitrogen 8 mgldl, creatinine 0.2 mg/dl and 
osmolality 205 mOsmlkg H20. Urine biochemistries are 
subsequently obtained, which reveal urine sodium less 
than 10 mEq/1, potassium 15 mEq/1 and urine osmolality 
I 00 mOsm!kg H20. Repeat serum chemistries reveal se­
rum sodium of Ill mEq/1, and the child is more alert. 

Infant formula has a low electrolyte concentration and 
can result in profound hyponatremia when infants are on a 
thiazide diuretic, which causes urinary electrolyte losses 
in excess of intake. The child is mildly symptomatic be­
cause this is a chronic hyponatremia developing over 
weeks. Following volume expansion with 0.9% sodium 
chloride, the child is experiencing a free-water diuresis 
and may develop a rapid and extreme correction if 0.9 or 
3% sodium chloride is administered. The safest approach 
would be to administer 0.225% sodium chloride with 
30 mEq/1 potassium chloride at a rate of 12 mllh and 
discontinue the diuretic. As soon as the child is more 
alert, parenteral fluid should be discontinued and oral 
feeds resumed. The correction in serum sodium should be 
limited to no more than 25 mEq/48 h. If the rate of cor­
rection is too rapid the fluid sodium composition may 
need to be changed to 0.115% sodium chloride or thera­
peutic relowering with the addition of dDA VP may be 
necessary. 

Case 4: dDA VP administration 

A 50-kg, 16-year-old female with a history of cleft lip and 
palate is to undergo maxillofacial surgery. Preoperative 
evaluation reveals Von Willebrand's disease. Periopera­
tively, she is administered dDAVP and postoperatively 
0.45% sodium chloride in 5% dextrose at a rate of 90 mUh 
and dDA VP. She begins to complain of a severe head­
ache, followed by nausea, which does not respond to anti­
emetics. The intravenous fluid rate is then increased to 
140 mllh. She then develops confusion and combative­
ness, followed by obtundation and urinary incontinence. 
A CAT scan reveals cerebral edema. Serum bio­
chemistries are then obtained that reveal sodium 
118 mEq/1, potassium 4 mEq/1, blood urea nitrogen 4 mg/ 
dl, creatinine 0. 7 mg/dl, osmolality 233 mOsm!kg H20, 
urine osmolality 500 mOsm/kg H20 and urine sodium 
plus potassium 200 mEq/1. 

This adolescent has hyponatremia from the exogenous 
administration of dDA VP in conjunction with hypotonic 
fluids. She is symptomatic with cerebral edema and could 
have an impending respiratory arrest. Over I h, 8 ml/kg 
(400 ml) of 3% sodium chloride are administered, with an 
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anticipated rise of no more than 8 mEqn as she is ex­
creting a hypertonic urine. Following the infusion of hy­
pertonic saline her serum sodium is 123 mEqn, and her 
symptoms have much improved. The dDA VP is contin­
ued, as withdrawal would result in excessive correction 
from a free-water diuresis. To complete a slow correction, 
0.9% sodium chloride in 10% dextrose in water is ad­
ministered at 40 ml/h. 

Prevention of hypematremia 
(morbidity and mortality) 

Pathogenesis 

Hypematremia is defined as a serum sodium greater than 
145 mEqn. The body has two defenses to protect against 
developing hypematremia: the ability to produce a con­
centrated urine and a powerful thirst mechanism. ADH 
release occurs when the plasma osmolality exceeds 275-
280 mosmol/kg/H20 and results in a maximally concen­
trated urine when the plasma osmolality exceeds 290-
295 mosmollkg/H20. Thirst is the body's second line of 
defense, but provides the ultimate protection against hy­
pernatremia. If the thirst mechanism is intact and there is 
unrestricted access to free-water, it is rare for someone to 
develop sustained hypernatremia from either excess so­
dium ingestion or a renal concentrating defect. 

Epidemiology of hypernatremia 

Hypernatremia is primarily a hospital-acquired condition 
occurring in children of all ages who have restricted ac­
cess to fluids. Moderate hypematremia, serum sodium 
greater than 150 mEqn, occurs in over 1% of hospitalized 
patients [69]. The majority of children with hypernatre­
mia are debilitated by an acute or chronic illness, have 
neurological impairment, are critically ill or are born 
premature [69]. Hypernatremia in the intensive care set­
ting is a particularly common problem as patients are 
usually either intubated or moribund, and frequently are 
fluid restricted, receive large amounts of sodium as blood 
products and/or have renal concentrating defects from 
diuretics or renal dysfunction [69]. The majority of hy­
pernatremia results from the failure to administer suffi­
cient free-water to patients who are unable to care for 
themselves and have restricted access to fluids [69]. 

A group at high risk for developing hypernatremia in 
the outpatient setting is that of the breastfed infant [70]. 
Breastfeeding-associated hypernatremia is on the rise 
[71]. Over 15% of mother-infant diads have difficulty 
establishing successful lactation during the 1st week post 
pactum [72]. This is of particular concern for the prima­
parous infant. Reasons for lactation failure are multifac­
torial, including physiological factors that require 3-
5 days for optimal breast milk production and mechanical 
factors resulting in a poor latch or insufficient time on the 
breast to stimulate optimal milk production [70]. Hyper-
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natremic dehydration results from a combination of in­
sufficient lactation and increased breast milk sodium 
concentration [73]. Hypernatremic dehydration can be 
difficult to diagnose as hypematremic infants will have a 
better preserved extracellular volume [74]. Diarrheal de­
hydration is also an important cause of hypematremia in 
the outpatient setting, but is much less common than 
previously reported, presumably due to the advent of low 
solute infant formulas and the increased use and avail­
ability of oral rehydration solutions. 

Morbidity and mortality 

Anatomical changes and brain adaptation 

Hypernatremia results in an efflux of fluid from the in­
tracellular space to the extracellular space to maintain 
osmotic equilibrium. This leads to transient cerebral de­
hydration with cell shrinkage. Brain cell volume can de­
crease by as much as 10-15% acutely, but then quickly 
adapts [44]. Within I h the brain can significantly in­
crease its intracellular content of sodium and potassium, 
amino acids and unmeasured organic substances called 
idiogenic osmoles. Within 1 week the brain regains ap­
proximately 98% of its water content. If severe hyper­
natremia develops acutely, the brain may not be able to 
increase its intracellular solute sufficiently to preserve its 
volume, and the resulting cellular shrinkage can cause 
structural changes. Cerebral dehydration from hyperna­
tremia can result in a physical separation of the brain from 
the meninges, leading to a rupture of the delicate bridging 
veins and intracranial or intracerebral hemorrhages [75, 
76] and venous sinus thrombosis leading to infarction 
[77]. Acute hypematremia has also been shown to cause 
cerebral demyelinating lesions in both animals and hu­
mans [44, 78, 79, 80]. Patients with hepatic encephalop­
athy are at the highest risk for developing demyelinating 
lesions [81]. 

Clinical manifestations and mortality 

Children with hypematremia are usually agitated and ir­
ritable, but can progress to lethargy, listlessness and coma 
[82]. On neurological examination they frequently have 
increased tone, nuchal rigidity and brisk reflexes. Myo­
clonus, asterixis and chorea can be present; tonic-clonic 
and absence seizures have been described. Hyperglycemia 
is a particularly common consequence of hypernatremia 
in children. Severe hypernatremia can also result in 
rhabdomyolysis [83]. While earlier reports showed that 
hypocalcemia was associated with hypematremia, this has 
not been found in more recent literature [69]. 

Hypernatremia is associated with a mortality rate of 
15% in children; this rate is estimated to be 15 times 
higher than the age-matched mortality in hospitalized 
children without hypematremia [69]. The high mortality 
is unexplained. Most of the deaths are not directly related 
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to central nervous system pathology and appear to be 
independent of the severity of hypernatremia. Recent 
studies have noted that patients who develop hyperna­
tremia following hospitalization and patients with a delay 
in treatment have the highest mortality [69, 84, 85]. Ap­
proximately 40% of the deaths in children with hyper­
natremia occurred while patients were still hypernatremic 
[69]. 

A subset of patients that have a particularly high 
morbidity and mortality are infants with hypernatremic 
dehydration [86] and patients with end-stage liver disease 
[81, 87]. Most of the current deaths or neurological 
damage directly attributable to hypernatremia have re­
sulted from vascular thrombosis and intracranial hemor­
rhages in infants with hypernatremic dehydration in 
general [88], and breastfeeding-associated hypernatremia 
in particular [89]. Patients with end-stage liver disease are 
particularly susceptible to additional brain injury from 
hypernatremia and at high risk for developing cerebral 
demyelination [50, 78]. 

Prevention of hypernatremia 

Pediatricians face new challenges in preventing hyper­
natremia in children. Hypernatremia is primarily a hos­
pital-acquired condition that affects children with re­
stricted access to fluids in combination with ongoing free­
water losses via the urine or gastrointestinal tract. Large 
amounts of sodium-containing fluids such as blood 
products or sodium bicarbonate administration can also be 
contributing factors. Mild hypernatremia (serum Na 
> 145 mEq!l) is the first sign that inadequate free-water is 
being administered to maintain body water homeostasis 
and that fluid therapy must be adjusted. Increased free­
water will need to be administered by either increasing 
the volume of fluid administration and/or decreasing the 
sodium content in perenteral fluids. This will largely de­
pend on the volume and composition of ongoing losses. 
Mild hypernatremia should not be considered a benign 
occurrence, and should be a signal to the physician to 
reassess fluid therapy. All patients who have restricted 
access to enteral fluids should have fluid balance and 
serum biochemistries monitored daily. 

In order to prevent hypernatremia in the breast fed 
infant, it is imperative that nursing mothers be provided 
adequate lactation support and that the American 
Academy of Pediatrics guidelines be followed, including 
a weight check within 3 to 5 days of age [90]. Breastfed 
infants with greater than 7% weight loss or jaundice 
should be evaluated for hypernatremic dehydration, and 
aggressive lactation support should be provided. Infant 
formula should be used judiciously to support the infant 
until problems with lactation are corrected. 

Treatment of hypernatremia 

The cornerstone of the management of hypernatremia is 
providing adequate free-water to correct the serum sodi­
um. Hypernatremia is frequently accompanied by volume 
depletion; therefore fluid resuscitation with normal saline 
or colloid should be instituted prior to correcting the free­
water deficit. Following initial volume expansion, the 
composition of parenteral fluid therapy largely depends 
on the etiology of the hypernatremia. Patients with sodi­
um overload or a renal concentrating defect will require a 
more hypotonic fluid than patients with volume depletion 
and intact renal concentrating ability. Oral hydration 
should be instituted as soon as it can be safely tolerated. 
Plasma electrolytes should be checked every 2 h until the 
patient is neurologically stable. 

A simple way of estimating the minimum amount of 
fluid necessary to correct the serum sodium is by the 
following equation, which assumes the total body water to 
be 50% of body weight: 

Free- water deficit (mi) = 4 ml x lean body weight (kg) 
x [Desired change in serum Na mEq/L] (I) 

Larger amounts of fluid will be required depending on the 
fluid composition. To correct a 3-1 free-water deficit, 
approximately 4 1 of 0.225% sodium chloride in water or 
6 1 of 0.45% sodium chloride in water would be required, 
as they contain approximately 75 and 50% free-water, 
respectively. The calculated deficit does not account for 
insensible losses or ongoing urinary or gastrointestinal 
losses. Maintenance fluids, which include replacement of 
urine volume with hypotonic fluids, are given in addition 
to the deficit replacement. 

The rate of correction of hypematremia is largely de­
pendent on the severity of the hypernatremia and the 
etiology. Because of the brain's relative inability to ex­
trude unmeasured organic substances called idiogenic 
osmoles, rapid correction of hypernatremia can lead to 
cerebral edema [44]. Surprisingly, there are few reports of 
death or serious neurological morbidity in humans re­
sulting from rapid correction of hypernatremia. In the 
case of mass accidental salt poisoning, there are reports of 
infants with serum sodium greater than 200 mEq!l who 
were corrected by as much as 120 mEq in 24 h without 
adverse neurological sequelae [91]. While there are no 
definitive studies that document the optimal rate of cor­
rection that can be undertaken without developing cere­
bral edema, empirical data have shown that unless 
symptoms of hypernatremic encephalopathy are present, a 
rate of correction not exceeding I mEq/h or 15 mEq/24 h 
is reasonable [92, 93, 94]. In severe hypernatremia 
(> 170 mEq!l), serum sodium should not be corrected to 
below ISO mEq!l in the first 48-72 h [93]. Seizures oc­
curring during the correction of hypematremia are not 
uncommon in children, and may be a sign of cerebral 
edema [95, 96, 97]. They can usually be managed by 
slowing the rate of correction or by giving hypertonic 
saline to increase the serum sodium a few milliequiva-
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Ients. Seizures are usually self-limited and not a sign of 
long-term neurological sequelae [92, 93]. Patients with 
acute hypernatremia, corrected by the oral route, can 
tolerate a more rapid rate of correction with a much lower 
incidence of seizures [95, 98]. The type of therapy is 
largely dependent on the etiology of the hypematremia 
and should be tailored to the pathophysiologic events of 
each patient. 

Case illustrations 

Case I: gastroenteritis 

A 7 -kg, 6-month-old child with vomiting and diarrhea for 
3 days presents to the emergency department and appears 
10% dehydrated. Biochemistries reveal serum sodium 
156 mEq/1, potassium 5.6 mEq/1, total carbon dioxide 
12 mEq/1, blood urea nitrogen 40 mg/dl and creatinine 
0.8 mg/dl. Urine biochemistries reveal sodium <5 mEq/1, 
potassium 20 mEq/1 and osmolality 800 m0srnlkg/H20. 

This child has an estimated volume deficit of ap­
proximately 700 ml with a composition of approximately 
0.9% NaCI (154 mEq/1). In order to correct the serum 
sodium by 10 mEq/1 in 24 h, a minimum of 280 ml of 
electrolyte free-water (4 mlx7 kgxiO mEq/1=280 ml) 
would have to be administered. The child should initially 
be bolused with 50 ml/kg (350 ml) of normal saline. This 
would leave the remaining deficit of 350 ml of isotonic 
fluid to be corrected over 24 h. Maintenance fluids of 
700 ml for the next 24 h in addition to 350 ml of deficit 
therapy would result in a total volume of 1,050 ml or 
44 mllh; 0.45% NaCI in 5% dextrose in water would 
provide 575 ml of free-water and 575 ml of isotonic fluid. 
This would be adequate therapy to correct both the vol­
ume deficit and free-water deficit and to provide for 
urinary losses. 

Case 2: nephrogenic diabetes insipidus 

A 20-kg, 5-year-old child with nephrogenic diabetes in­
sipidus has contracted a stomach flu and has not been able 
to keep down fluids for the past 12 h. He presents to the 
emergency department markedly dehydrated with sunken 
eyes, doughy skin and documented 2-kg weight loss. 
Serum biochemistries reveal serum sodium 172 mEq/1, 
potassium 4.5 mEq/1, blood urea nitrogen 20 mg/dl and 
creatinine 0.6 mg/dl. Urine biochemistries reveal sodium 
25 mEq/1, potassium !5 mEq/1 and osmolality I 00 mOsm/ 
kg!H20. On further history his mother reports that the 
child usually drinks between 4 and 5 I of fluids a day. 

This child's fluid deficit is primarily free-water. To 
correct the serum sodium back to normal value of 
140 mEq/1 would require approximately 2.5 I of free­
water ( 4 mlx20 kgx30 mEq/1). Unfortunately, bolus 
therapy with free-water will result in too rapid a fall in 
serum sodium. The child will initially have to be bolused 
with 40 ml/kg of 0.9 NaCI in order to restore the extra-
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cellular volume. Further fluid therapy would require 
maintenance fluids, which for him are about 4,000 ml/day 
plus free-water deficit to lower the serum sodium by 
10 mEq/24 h, which is 800 ml (4 mlx20 kgx!O mEq/1) to 
give total 24 h volume of 4,800 ml or 200 mllh. In order 
to lower the sodium the composition of fluid will need to 
be more hypotonic than his urine; 0.115% NaCI (Na 
19 mEq/1) in 2.5% dextrose in water with I 0 mEq of KCI 
per liter would be appropriate to start with. A higher 
dextrose concentration could result in hyperglycemia 
given the high rate of fluid administration. Biochemistries 
would have to be monitored hourly initially as response to 
therapy can be unpredictable based on the urinary re­
sponse. As soon as the child can keep down oral fluids, 
parenteral fluids should be tapered off. 
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Postoperative Cerebral Edema 
Occurring in Children With Slit 
Ventricles 

ABBREVIATIONS. SV, slit vt'ntricles; CT, compul('d tomographic 
(scan); MRI, magnetic resonJ.nre imaging; SVS, slit ventricle syn­
drome; ICP, intmcmnial pressure; CSF, c:crebrospinal fluid; ICU, 
inten!:>ive care unit; ADH, antidiuretic hormone. 

Slit ventricles (SV) are collapsed or abnormally 
small ventricles apparent on computed tomographic 
(CT) or magnetic resonance imaging (MRI) scans 
after insertion of a ventricular shunt in a patient with 
hydrocephalus. Although many patients with SV are 
asymptomatic, slit ventricle syndrome (SVS) is said 
to exist when SV are accompanied by intermittent 
episodes of severe headaches, cyclic nausea and/or 
vomiting, and slow refill of the shunt's pumping 
device after compression.u These episodes are be­
lieved to reflect sudden, periodic increases in intra· 
cranial pressure (ICP), possibly related to underlying 
decreased intracranial compliance.2~1 

This report describt.>s two children with known SV 
who developed symptomatic cerebral edema after un­
complicated orthopedic surgery. One had a fatal out­
come. Hyponatremia oa:urring in the postoperative 
period was the likely precipitating factor. Recommen­
dations for recognizing, treating, and potentially pre­
venting this catastrophic complication are discussed. 

CASE STUDIES 
Case 1 

A 5-year--old, 12.5-kg girl, who was a former 2q..wt•ek premcl­
ture infant with sp..1Stic diplegia and cerebrJl palsy. und~?nvent 
elective heel-cord lengthening. Her mt'dical history was signifi­
cant for in.<~t'rtion of a ventriculopcritonea) shunt at 6 week~ of .1ge 
for hydrocephalus after listeria meningitis and an intraventricular 
hemorrhage. Routine CT' scans throughout early childhood re­
Willcd SV, but the pc'lhent was in remarkably go1."1d hec1hh except 
for intermittent headaches oftl•n a.:companit•d by vomiting. 

At the time o{ surgery, the patient was asymptomatic. A nMsk 
induction with oxygen, nitrous oxide, and IMiuthilnc was per­
formed, and anesthesia was maintained with oxygen, nitrou!i ~)>:­
ide, i.soflurane, pancuwnium, and f('ntanyl. Anesthcs.i.l lasted 3 
hours and was uneventful. Before awah•ning, i.l Ciltlliill block oliO 
ml ol .25~'4, bupivacainl' was administe~J. TI1e t-slimated bl(l(lr..i 

Receivt.'ll f~1r publication Nov 15. 1995; ,KCI.!pted Aug 20, 1946. 
Rr;:oprint rt'!\,Jllt':)l'l to (E.A.E.) Dep.1rttnt<nt of Anestht"!\i,l, Children·s H(lspital, 
300 Longwood Avenue, Boston, MA 02115. 
PEDIATRICS (ISSN 0031 4005). Copyright~ 1~17 by tlw Am(>rk.<~n Acad­
emy uf Pediatrics . 
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lo~ was 50 ml and lhe p..Hient r~~civt>d 350 mL of lactatt..>d 
f{lnger's solution. Shf' awilkent•d, her trachE-a wns extubated, and 
she W<'IS transfcrreo..i to tht..• n•covt.>ry room, wht..•rc she was snon 
,1lc-rt and conversing wilh tht• nurs~<> and hf:""r mutht>r. Postnpt~ra­
tive intravenous lluids .1dmi.nistered wt•re 5~1, glucose in .22.1)':-:. 
saline at 45 ml/h. After I hour, the piltient wa~ tmnsft>rred to the 
orthopedic ward in stable cunditinn. 

Approximately 3 huurs l.1ter, the patient began to cmnplain 
of a headache and leg pain. She WJS trc<lft•d with acelamino­
pht:'n (125 mg) orally and morphine 0.5 mg) intravenously. Slw 
then sll"pt, but .n•.mkt? several hours lrltt-r vomiting .1nd still 
complaining of a headMhe. A neurology consultant lound no 
focal findings and recCimmcnded keton1lac for pain. Thwugh­
out the night, her headache persistL>t.i and she h,ld multiple 
episodi!s of emesis, She received 2 doses LJf kett)r~~lac (15 mg 
intravenously at 9:20 PM and Jgain ,\t 1:4:i AM), 2 dost•s of 
morphine {1.5 mg intrav~mously at 6:00 1'"1 and af;.1in at :l:OO 
AM), 1 dose of oral ibuproft•n (ll)O mJ;: ,1t 3:00 r-...:), "I .:1ddllionill 
dost' of oral at.:etilminophcn ( 125 mg .11 lll:OU PM), and 1 dose of 
oral diazepam (2 mg l't 3:45AM). At 6:5{} AM, the p<1ticnt Wils 
noted to he crying but soon wt•nt ["I;H.'k to slt.'l'P· AI S:OO AM (22 
hours pustopcrath•e-ly). sh"' w.1s. fti\Jnd ilpnek, cyanotic, unre­
sponsive, and pulst-less. She wa~ trt~<1kd imml;'(i]atl'ly with 
tracheal intubation; mechanical hypcn:entilation; chest com­
pressions; pl.lcCtmmt of a fernor<JI intravenous C<Jthl·tcr; admin­
istration of t•pinephrine (2 doses), cillcium, .md lidocaine; and 
electrical ddibrill<Hion. Only normal salim.• Wils administered 
during the resuscitation. After 12 minutes of rcsusdl<Hion, she 
regained a spontatt('Ous heart rule and blood prl"ssure. Initial 
arterial blood obtained .tfler sewr<Jl minutes of resuscitation 
revealed a hematocrit of 30"/r., pH 7.U4, Pco~ 26 mm Hg, Po~ J31 
mm Hg, sodium123 mEq/L, pot.1ssium 4.1 mEq/l, chloride 93 
mEq/L, and glucose 565 mg/dL All eiCl'lrolyte values Wli."!k:' 

mca:mred dircdlv on a Kodak Ektachem (Kodak c,l, Rodu:stcr, 
NY) machine. The high serum glumse was believed to be 
attributablc to tht' p<~tient's arrest and her physiulogir.:<ll n:­
sponse to resuscitative measures. 

An emergency t,lp of the shunt reservoir followed by a vt•ntric­
ular tap with a spinal nt'ft.1le through the' wntricular c.1tht>ter each 
produced only a few dwfl" of slightly bloody n~r.:-brospinal fluid 
(CSF). ACT scan pcrform<..-d shortly thereafter rewa led SV (us in 
previous scans), but now alS{l demonstratt..>d blurri.J.lg of the gray­
white junctiun and l'ffao_•mcnt of U1e basilar cisterns., both consi~ 
tent with cerebral t. .... iema (Figs 1 and 2). The pJticnt w,1s trans­
ferred tu the intcn.SiVl' C<lrt.' unit (JCU), where her neurologic 
~xamination rewaled no brain or L1rain~tem hlnction.lnitial M"rum 
laboratory values obta.intxl upon arrival in the ICU revealeti a 
sodium of 127 mEq/L, potassium 3.7 mF.q/1.., and u.smolality of 

Fig 1. Computed tomographic 
scans at the le-.,.rcl of the basilc1r 
d~tems in Casl.' 1 show A, nor­
mal basilar cisterns 1 Yl'ilr pn.'Op­
eratively, ,1.nd B, e-ff.ao."mf'nt llf 

the basilar dst~rns with \..~rebri"ll 
edema 22 hours postoperatively. 
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277 mOsm/kg. Corresponding urine electrolyti:'"S revealt-d a so­
dium of 86 mEq/L, potassium 2Q mEq/L, and urine osmolality of 
475 mOsm/kg. Sen1m and urine osmo!,,litks we-re not cnkulaled, 
but measured directly on an osmoml'ter. A lilbile:.> h]llOd pressure 
w,ls contmll&i with a dop.1minc infusion, and when di<lhetes 
insipidus developed seve-ral h~1urs afk>r admissiun to the ICU, a 
pitressin infusion was initi.1ted. An electrOl"JKephalogram WilS 
performl'l.i and WilS iSOC'k'Ctric. Forty-eight hours ,,ftt•r her ilrJ\.·st, 
the p<~tient was declared brain-de.1d. 

Pmtmortem findings wt.·re notable for glob.1l neuronill isch­
emi<t, leptomeningeal fibrosis, subependymal gliu!lis, and extC'n­
sive infarction of the anterior pituitilry. The pr~m:e of tmnsten­
tnrial or cerebellar herniation could nol bt_-. as.~e-s.sed due tu damage 
to the baSdl surf.1ce of tht" brain dming autopsy removal. 

Case 2 
An S~year-old, 20-kg girl with myelodysplasi<1 and ,, vcntrku­

loperihmcal shunt undcrwl!nt surgical correction of scoliosis. Her 
medical history was signifkcmt for closure of a lumbar myclome­
ningocelt> and ~-;hunt placement shortly after birth. At age 3, she 
ho1d a shunt millfunctilm complicated by respiratory arrest, but 
m.1dc a mmplett::- rfftwerr aftt.-r pi.KcmL'Tlt of new bilateral ven~ 
tril"1.1lilr cathet('n;. Subset1ucnt CT scan.<; Wl're not.1ble fm small, SV. 
At age 5, she underWt'nt hip surKery and was extremely lethargic 
for 2 d<1ys postoperatiwly. At that time-, the lethMgy wns attrib­
utL"'ll tu <lll ndvC'rsl' reaction to codeine. Howevt~r. in retrospect, her 
postopemtive serum sodium was 12q m.Eq/L ,md she appean"(i 
l!dcmatous. This was trt;'ah .. ~t by decreasing the rate of ht:>r intra­
venous infusi<.m, and she returned to hL•r baseline neurologic 
status within 24 hours. At age 6, St'oliosis wa~ diagnuSI:!d and 
trt~atcd with spinal hrat'es. Whe-n the scoliosis progressed.. surgical 
repair was scheduled. 

The patient's preoperottive exan1inatiun WclS notabk• for a heart 
ratt• of 125 bpm, blt~ttd prl'SSUTC of 110/bl.l mm llg, and t1,1ccid 
lower extremities with ll(l sensatiun bi.!low the Ll dcrmalom.ll 
level. Anestht.>sia for the scoliosis repair consistL>d of thiopental, 
pancuronium, fentanyl, oxygen, nitrous o>tide, and isotlurane, and 
was uneventfuL Surgery was pt.~rftlrmt>d via a posterior approach 
with Harrington rods and Luque wire instrume11tation from TtO 
to the sacrum. The oper,1tion lastt>d 7 hours and the estimatL•d 
blood loss was 3 L. Rt.•pl..J.ccment thcr<~py consist~1 of 3 units of 
whole blood, 375 mL of cell saver blood, 2.1j() mL uf .Y'X noml<li 
saline, and 1250 mL of l,lctatlxl Ringer's wlutio.n. The patient's 
trachea was extubated upon awakening ilnd sht.• was transferred 
to tht" ICU for routinl' owrnight observation. Postopcratiw fluids 
were administered .:ts 5% glucose in .45'k nurmal saline at 60 
ml/h. 
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Fig 2. Computed. tomographic 
scans at tht: level of the l<lteral 
ventricles in Case 1 show A, slit 
ventricles 1 year pn"'perativdy, 
and B, furtht.'r compresson uf the 
ventridt_>s with cerebral edema 
n hours postoperatively. 

After initially .lppt.•aring ;.m•ilkl.?, !he patill:.'nt gradually bt:'cam~ 
more l~thargic. By 12. houT!l postop~=.·ratively, she was unrespon­
sive to verbal mmmands. Her heart rate wa~ in the 60s and her 
systolic blood pressur~ h,1d increased tu 150 nun Hg. ){~r pupils 
were equal and rt'Sponsiw to light. While receiving oxygen by 
tace mask, an arterial bloud gas revealed p!-17.40, Pco~ 37 mm Hg, 
and Po~ Z23 mm Hg. Ht'r ventricular reservoir wa::; tapped lu rule: 
out a shunt malfunction. This revealed clear mlorless CSF, an 
opening pressure of 140 mm H 20, and good respiratory varia­
tions. The shunt appeart_"ll to be functionin~ appwpriatdy, ell­
though the opening pn"!::surc Wc1S h.ighl·r than expectt"(.i becaus~ 
she had a Hakim valve which, at till.." time of placement'. h..1d 
initiaUy (lpent.>d. at 110 mm H20. In view of the patit•nt's mi.'dical 
history and previtms Cf scans, the ncurosurgeons felt that the 
dinical pictuw was consis.tt.•nt with SVS and increased JCP, rather 
than a shunt malfunction. Tht• head of the l:t~--d was elevated, and 
mannitol (0.5 gm/kg) and furosemide (1 mg/kgl were ,ldmitlis· 
ten~d intnwenously. Within an hour, the patient's heart r.tte clnd 
blood pn.>ssure decrt.•a:!>t.'d to her baseline level. The patient bt.>came 
alt'Tt ilnd was able to follow simple commands. ACT scan l;,ter 
that d.,1y reve.1h..•d SV, unchanged from previous CT scans, and 
generalized cerebral edema. 

Soon therl'clfter, thl" pcltil'nl lx•crmw more lethargk and ulti­
matdy unresponsiw. Slw .1gain exhibitt>d bradycardia and hyper­
tension, .lnd then devE.>lopt_'l..i dtocerebratt' postt1ring. Bhx1d dro1w11 
dt this time was notable for a ::ocrum MJd.ium ~1f 129 mE.q/L. 
potilssium 3 . .5 m&1/L .. chloride IJ5 mEq/L, osmolality 2.iio2 meh;m/ 
kg,. and glucose 166 mg/dL O,molality was not cakuliltOO, but 
was m~asurt..J dirt.>etly with an osmometer. El~ctrulytl.' valu~~ 
were measured dirt•(tlv with a Kodak Ekt<lcht.>m (Kodak Cn, Rodl­
ester, NY) mKhine. The p.1tic-nl was trt.·,ltcd with thiopcnt.ll, f~n­
tcmyL pancuronium, tracheal intub.-1tion, and mE'Chanical hyper­
ventilation. All fluids were changed t<_) nomlill saline at minimal 
infusion rates, ;md adL1ilional do:-it~ of m.annitnl and furnsl:'mitie 
were administl~rcd. Rcpr..>at artt•rial bloud gases while recdving 
HI01J'i. oxygen revealed pH 7.44, Pco2 35 tnm Jig. l'o2 S21 mm Hg, 
&<.xlium 131 mEq/L, potrtssium 3.5 mE/L, chloride 95 mE/L,and 
glucose 112 mg/dL. MeiLSurt'd serum usmolality had incre<U;l•d to 
263 mOsm/kg. Samplt.'!> of mine were sent for electrolyte and 
osmolality analysis but were diificull lL) interprt-t dut! h) prior 
mannitol and l'urosemidt> administration. ApproximHely 1 hour 
later, a !>ubdural bolt \'\'as inserted over the right fmntill area. At 
the time of insertioJt, the brain could be se(.~n retracting away from 
the dura and the first ICP rt•ading was -2 mm Hg with appro­
priate rf:'Spir.lt(lry and cardiac v.uiatitll\S. Thl>sf!. low values were 
thought to refk'Ct a response to the previous therapeutic measures 
d.esignt.>d to rt."'<.iuce ICP. Thwughout the night, the ICP remaint.-d 
<5 mm Hg. By the next morning thC' pati.._~nt Wi15 awak~;• Jnd 

oriental. Hj;!r trachea was extubated, the JCP bolt was n•moved, 
and laboratory studies revealed a serum sodium of 141 mEq/l, 
pota..'>5ium 3.9 mEq/L, chloride 99 mEq/L, and osmolality uf 287 
mO!;m/kg. Tiu!' patient's neurologic function at dischargt' l week 
later was unchanged fmm her prc.•operative :st.ltt.•. Se-veral years 
later, the patient dk.od suddt:mly for unknown re<lSOn.s shortly after 
arriving in her lot:al emergency room. No autopsy was pt>rformed. 

DISCUSSION 
This report describes two children with SV who 

developed severe neurologic deterioration after un­
eventful orthopedic procedures. Hyponatremia lead­
ing to cerebral edema in the postoperative period 
was a precipitating factor. It appears that patients 
with SV, and SVS in particular, have decreased in­
tracranial compliance.'-• Any cause of increased ICP 
(cerebral edema secondary to hyponatremia, closed 
head injury, increased cerebral blood flow, masses, 
etc) is likely to be poorly tolerated in patients with 
SV when compared with otherwise normal ii\divid­
uals,3 and may possibly lead to increased morbidity 
and I or mortality.' 

The etiologies of SV and SVS are uncertain. SV 
have been noted radiographically in 5% to 53% of all 
shunted patients, but clinical symptoms occur much 
less commonly.1- 3·5-8 When shunts are inserted before 
1 year of age, the risk of developing SV increases.• 

The development of SV after shunt placement is 
generally attributed to cluonic overdrainage of 
CSF.Z.7,Q In addition, an extremely compliant cerebral 
parenchyma, as seen in neonates and young chil­
dren, may be more prone to ventricular collapse. The 
immature brain is known to contain a smaller pop­
ulation of glial cells, incompletely myelinated axons, 
and a high water content. all of which may increase 
the brain's compliance. 10 Thus, with a very compliant 
brain and little pressure to keep the ventricles open 
after shunt insertion, ventricular collapse may oc­
cur;~ 

The compliance of the growing infant brain with a 
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shunt in place may then start to significantly de­
crease as myelination occurs and chronic scar forma­
tion berns to develop around narrowed ventri­
cles.n·11·1 Periventricular scar formation has been 
shown to occur in experimental studies of dogs with 
artificially-induced hydrocephalus, and has also 
been noted in the autopsy reports of patients treated 
with hydrocephalus. "·14 The lack of pathways for 
drainage of interstitial fluid into the CSF attributable 
to scar tissue (subependymal and ependymal glio­
sis), in addition to the subnormal ventricular volume 
for CSF, both appear to significantly decrease the 
CSF buffering capability.mn." TI1Us, the hydroce­
phalic brain with a shunt in place, especially when 
inserted at a yoU!lg age, may have small, scarred, 
slit-like ventricles with limited drainage capability 
and very little compliance. As a result, intracranial 
hypertension may easily develop.'-'·W-14 

Why some patients with SV develop symptoms of 
SVS while others do not is poorly understood. Many 
possible mechanisms have been suggested. L'-'·1"" 
Prevention of SV has also been limited. No single 
prophylactic intervention has proven effective in all 
cases. Higher pressure valves, antisiphon devices~ 
and siphon control devices all hnvc been inserted in 
shunt systems to permit drainage of CSF while 
avoiding overdrainage, especially when patients as­
sume the upright position.L2•7 New programmable 
valves may permit gradual adjustment of shunt pres­
sure and may reduce the incidence of SV. Treatment 
of SV, once it develops, has also been controversial, 
in part related to the comr,Jexity and possible multi­
ple etiologies of SVS.'"-'·9·1. ·1' Various methods of CSF 
venting, such as placement of a lumbar-peritoneal 
shunt or third ventriculostomy, have been at­
tempted. Cranial decompression to increase intracra­
nial volume has also been utilized in patients with 
recurring and disabling symptoms.2·'·1' Because it ap­
pear> that the final common pathway leading to SVS 
is related to acute increases in ICP with decreased 
intracranial compliance, acute symptomatic episodes 
are often treated with n1annitol, furosemide, and 
fluid restriction. Nevertheless, whenever new neuro­
logic symptoms develop in a patient with a ventric­
ular shunt in place, it is always necessary to first rule 
out any type of shunt malfunction before considering 
the diagnosis of SVS, as was done in both of these 
cases where shunt and ventricular taps were per­
formed. 

Hyponatremia and/or hypoosmolality can pro­
duce cerebral edema and intracranial hypertension, 
particularly in children. 17 Although postoperative 
hyponatremia does occur (1% to 4% incidence in 
adults, .34% incidence in pediatric patients), symp­
tomatic postoperative hypon[]trcmia is rare. 17·-19 Pa­
tients with SV, however, may become symptomatic 
earlier and at levels of hyponatremia that may oth­
erwise be well-tolerated by normal individuals. Post­
operative serum sodiums of125-130 mEq/L are usu­
ally only associated with mild lethargy, nausea, 
and/or vomiting, and can easily be attributed to 
recovery from anesthesia or the effects of analgesic 
medications used to treat postoperative pain. In most 
cases of hyponatremia, however, severe symptoms 
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are not likely to appear unless the serum sodium 
level decreases below 120 mEq/L.20•21 Symptoms of 
severe hyponatremia may include respiratory de­
pression, impaired responses to stimuli, lethargy, 
decorticate and decerebrate posturing, and seizure 
activity.18 In both of the cases described here, the 
patients may have become symptomatic initially at 
serum sodium levels >130 mEq/L, although sodium 
levels were not analyzed until both patients became 
unresponsive. Even then, sodium levels were > 120 
mEq/L. The rate of decline of the semm sodium 
levels may have also influenced the degree of symp­
tomatology in each of these patients. 

Hyponatremia and hypoosmolality are particu­
larly liable to develop in the postoperative period 
because 1) secretion of antidiuretic hormone (ADH), 
induced by multiple factors including stress, pain, 
surgery, administration of anesthetic and analgesic 
medications, and mechanical ventilation, causes free 
water retention, ru1d 2) extrarenal fluid losses are 
often replaced (sometimes too rapidly) with hypo­
tonic fluids. 17- 19"'·" The effects of ADH secretion can 
clearly be seen in Case I when comparing the urine 
and serum electrolytes and osmolalities. 

The majority of symptoms of hyponatremia are 
attributable to hyponatremic encephalopathy."" 
This encephalopathy is caused by cerebral edema, 
which develops as the brain cells acutely absorb and 
retain water in respon.o;;e to a low serum osmolality 
and hyponatremia. In addition, perioperative cere­
bral edema may be exacerbated due to the direct 
effects of ADH Oil the brain. Rat studies have shown 
that ADH has direct effects on brain cells via vaso­
pressin VI receptors, whether or not hyponatremia is 
present. 18•22•27 Under the direct influence of ADH, 
water is able to enter into brain cells while the efflux 
of sodium is impaired. Thus, the synergistic presence 
of both ADH secretion (direct and indirect effects) 
and hyponatremia, as may occur during the periop­
erative period, may allow brain swelling to easily 
develop. Hypoxia, indirectly caused by hyponatre­
mic encephalopathy, may also worsen cerebral 
edema in a potentially fatal fashion. 1'·22l7 

The occurrence of postoperative hyponatremia 
may be influenced by the choice of intravenous flu­
ids administered and their rate of administration, in 
addition to the factors discussed above. 18, 19.2J~2-",2R,..."":' 
Hyponatremic solutions (ie, 5% dextrose in .225% 
normal saline, sodium 38.5 mEq/U are generally not 
administered intraoperatively but are frequently 
given in the postoperative period. The glucose is 
rapidly metabolized, resulting in administration of 
free water. Lactated Ringer's solution is a balanced 
salt solution that is more commonly used intraoper­
atively. However, it is slightly hyponatremic (sodi­
um 130 mEq/L) and hypotonic (osm = 273 mOsm/ 
kg) when compared with nom1al serum (sodium 140 
mEq/L, osm = 285-290 mOsm/kg). When adrninis­
ten."<< in generous amounts, lactated Ringer's solu· 
tion may contribute to a decrease in serum sodium 
and osmolality. Nom1al saline (0.9%, sodium 154 
mEq/L, osm = 308 mOsm/kg) is somewhat hyper­
natremic and hypertonic compared with serum, and 
might therefore be a better choice when large 
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amounts of intravenous fluids are to be adminis~ 
tered, especially if brain swelling is of concern. The 
rate of administration of intravenous fluids is abo 
important in the development of hyponatremia."·"' 
Rapid hydration of a patient in the operating room or 
postoperatively with hypotonic intravenous fluids 
can drop the serum sodhm> and osmolality acutely, 
allowing little time for the brain to compensate for 
the decrease in osmolality. As a result, cerebral 
edema may develop acutely, causing potentially di­
sastrous results, especially in a patient with little 
intracranial compliance.2 t..1Q 

Although reductions in postoperative serum sodi­
ums are similar in men and women, menstruant 
women and young children more often become 
symptomatic, encephalopathic, and suffer a higher 
incidence of morbidity and mortality.17, 18,22.2" Re­
cent studies have shown several mechanisms at the 
cellular and molecular levels that may help explain 
why hyponatremic encephalopathy develops more 
commonly in menstruant females. These mny in­
volve the direct and indirect effects of estrogen 
and other sex hormones and th~ir biological influ­
ences on the brain's adaptation to hyponatremia 
and ADH secretion. 1:,tl-l.n,z?,Jo Young children and 
infants, on the other hand, have several physiolog­
ical and mechanical factors such as a higher per­
centage of brain water content, a higher intracel­
lular sodium concentration in brain cells, less CSF 
volume than adults, and a higher ratio of brain 
content to intracranial capacity, all of which may 
help explain why children have a relatively de­
creased intracranial compliance compared with 
adults, and thus why children become encephalo­
pathic more often. 17 · 18 • 1 ~.:u,J<l 

In summary, we repo.rt two children who devel­
oped marked neurologic deterioration in the post­
operative period that appeared to be a result of 
intracranial hypertension caused by hyponatre­
mia. Preexisting SV prevented normal CSF com­
pensatory responses. Symptoms of neurologic de­
terioration were attributed to recovery from 
anesthesia and surgery and to the effects of anal­
gesic medications. 

All physicians caring for patients with ventriculo­
peritoneal or ventriculoatrial shunts should be aware 
of those patients who have SV, because intracranial 
compliance can be markedly reduced. If hyponatre­
mia should develop, patients with SV (children in 
particular, as illustrated in these cases) may be at 
great risk for developing symptoms of intracranial 
hypertension. Careful cardiorespiratory monitoring 
and close observation should always be instituted 
promptly whenever symptoms develop in patients 
with SV, because potentially life-threatening compli­
cations can develop suddenly. Mild increases in ICP 
that may be tolerated by patients with normal neu­
roanatomy can result in severe symptoms in patients 
with SV. Unexpected lethargy, headache, nausea, 
and/or vomiting occurring in any patient with SV 
should prompt immediate concern. Evaluation of se­
rum and urine electrolytes and osmolality should be 
performed, particularly in the postoperative period, 
as well as neurosurgical evaluation to exclude shunt 

malfunction. Administration of hyponatremic intra­
venous fluids and/or rapid fluid hydration should 
be performed with caution in the perioperative pe­
riod to patients with SV. In addition, free water 
administration may need to be limited until the abil­
ity to produce dilute urine is established. As a result, 
normal saline solutions may be safer to use intraop~ 
eratively and postoperatively in these patients. Fur­
ther studies are necessary to determine whether this 
can prevent the development of postoperative hypo­
natremia and symptomatic cerebral edema in these 
circumstances. 
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Treatment of Hypereosinophilic 
Syndrome in a Child Using 
Cydosporine: Implication for a 
Primary T-cell Abnormality 

ABBREVIATIONS. HES, hypcn.>osinophilic syndrome; lg, inunu­
noglobulilt; IL, intl'rleukin. 

Hypereosinophilic syndrome (HES) is a systemic 
disease of unknown cause characterized by periph­
eral eosinophilia and eosinophilic infiltration of tis­
sues, resulting in severe organ dysfunction. Were­
port the first pediatric case of HES with primarily 
skin involveJnent that responded favorably to the 
immunosuppressive drug cyclosporine. 

CASE REPORT 
A 7·yE:.oar-old white giTI was rcfern.~d for persistent eosinophilia, 

hyperimmunoglobulinemia E, and a chronic seve-rely de>bilitatillg 
cutam>ous eruption ass~Xiatcd with extreme pruritus. At 18 
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months of age, she had Taiscd macularpapu1ar, erythematous, and 
erosive lesions on her upper extremities, which gradually spre<1d 
to her entire trunk,. b.Ick, and lowt.•r extremities. Her scalp, fore-­
head, cheeks, and chin we-re also affected, but her nel"k was 
'-"'mpJetely unaffech .. od. Some of the r~ffected are-.1s began to tum 
bluish and were firm and induratt>d. The erosive lesions were 
extremdy pruritk ;:and had become secondarily infected with 
staphylococcal and streptococcal b,\cteria. She also had molluscum 
contagiosurn and Tn'chophyltm rs1brum onychomycosis. 

Her birth history was unremarkable. Birth weight was 3200 g. 
Developmental milestunt!S wert' within normal limits. Til~tJ't' were 
no pets in the household. There was no history of travel before the 
onse-t of the rash. She had never had chickenpox or any serious 
systemic illness. The p.,tient did ha\·e mild reactive airways dis­
ease treated with inhaiOO steroids on an as-needed basis. She was 
an only child, and there was a positive family history of eczema. 
The patient's father worked for the railroads, and her mother was 
a housewife. Both parents were healthy. 

At the initial physical e-xamination, she seemed well nourished 
and well hydrated. She was in moderate distress beciluse of the 
pruritus associated with the rash. Lymph nodes were polpablc. 
Oropharyngeal examination showai evidence of mild oral thrush 
with cheilitis and tonsiJiaT tissue present. Her chest, cdrdiovascu­
tar, and abdominal examinations were unremarkable. Her mus­
culoskeletal and central nervous system examination showed 
nothing abnormal. Examination of the skin showed multiple ery­
thematous, macularpapular,. ulcerated, and er(lsive )psions on h('r 
face, trunk, and lower extremities (Fig 1). There were also large, 
indurated, bluish pLlques on the right upper arm, left foredfm, 
and left thigh. Scattered on her chin and shoulders and over her 
right ~opulae were soft. fk>sh-ooJor, pedunr.::ulatL>d papult.'S (On­
sistent with mollusClJm contagiosum infection. She also had dys· 
keratosis and onychomycosis of the toenails. 

Admission Jaboralory studies :;;howed signifkanl eoslno· 
philia (9 x IO" cells/Lor 56%) and hypcrimmunoglclbulinemia 
(2200 p..g/U. Urinalysis revealed 1 + glucose and no ketones or 
protein. Stool analyses for ova and parasites were neglltive. 

Fig I. The skin condition MMe treatment with cydosporine ~n­
~isted of multiple papiUary, erythematous, ulc-erated, and eros1ve 
lesions on the face, trunk, and low_~r extremities. ., 

~~ 
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Abstract Hyponatremia is the most common electrolyte 
abnonnality encountered in children. In the past decade, 
new advances have been made in understanding the 
pathogenesis of hyponatremic encephalopathy and in its 
prevention and treatment Recent data have detennined 
that hyponatremia is a more serious condition than 
previously believed. It is a major comorbidity factor for 
a variety of illnesses, and subtle neurological findings 
are common. It has now become apparent that the 
majority of hospital-acquired hyponatremia in children 
is iatrogenic and due in large part to the administration 
of hypotonic fluids to patients with elevated arginine 
vasopressin levels. Recent prospective studies have 
demonstrated that administration of 0.9% sodium chlo· 
ride in maintenance fluids can prevent the development 
of hyponatremia. Risk factors, such as hypoxia and 
central nervous system (CNS) involvement, have been 
identified for the development of hyponatremic enceph­
alopathy, which can lead to neurologic injury at mildly 
hyponatremic values. It has also become apparent that 
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both children and adult patients are dying from symp­
tomatic hyponatremia due to inadequate therapy. We 
have proposed the use of intermittent intravenous bolus 
therapy with 3% sodium chloride, 2 cc/kg with a 
maximum of 100 cc, to rapidly reverse CNS symptoms 
and at the same time avoid the possibility of over­
correction of hyponatremia. In this review, we discuss 
how to recognize patients at risk for inadvertent over­
correction of hyponatremia and what measures should 
taken to prevent this, including the judicious use of 
1-desamino-8d-arginine vasopressin (dDAVP). 

Keywords Hyponatremia. Encephalopathy. Cerebral 
edema · Pulmonary edema · Fluid therapy· Saline · 
Sodium chloride. Myelinolysis· Arginine vasopressin 

Introduction 

Hyponatremia is one of the most common electrolyte 
abnormalities encountered in children, with mild hypo­
natremia, serum sodium (SNa) <135 mEq/L, occurring in 
-25% of hospitalized children and moderate hyponatre­
mia, SNa < 130 mEq/L, in -I% (Table I). Recent data in 
both children and adults have demonstrated that hypona­
tremia is a far more serious condition than previously 
believed. The most serious complication of hyponatremia 
is hyponatremic encephalopathy. Hyponatremic encepha­
lopathy is a topic that has been mired in controversy. The 
main disputes have centered on (I) the most appropriate 
fluid management strategies to prevent hyponatremic 
encephalopathy, (2) the optimal therapy for symptomatic 
hyponatremia, and (3) the risks of developing cerebral 
demyelination from the correction of hyponatremia. In this 
review, we discuss new aspects in the pathogenesis of 
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Table I Incidence of hyponatremia in hospitalized children 

Author Inclusion criteria serum sodium (mEq!L) Incidence (%) 

< 135 on admission Hasegawa et a\. 2009 [ 121] 

Don et al. 2008 [ 122] <135 on admission with community-acquired pneumonia 

17 

45 

22 
Hoorn et al. et al. 2004 [ 123 J 
Armon et al. 2008 [124] 

<135 in emergency department patients with serum sodium checked 
Hospitalized patients on intravenous fluids 

<135 

<130 
Watlad et al. 1992 [ 125] <130 in hospitalized patients 

hyponatremic encephalopathy with an emphasis on strategies 
for prevention and treatment. 

Why does hyponatremia develop? 

Under normal circumstances, the human body can 
maintain plasma sodium levels within the normal range 
(135-145 mEq/L), even with wide fluctuations in fluid 
intake. The body's primary defense against developing 
hyponatremia is the kidney's ability to generate a dilute 
urine and excrete free water. Rarely is excess ingestion 
of free water alone the cause of hyponatremia, as an 
adult with normal renal function can typically excrete 
> 15 L of free water per day [I]. It is also rare to develop 
hyponatremia from excess urinary sodium loss in the 
absence of free-water ingestion. In order for hyponatremia 
to develop, there must typically be a relative excess of free 
water in conjunction with an underlying condition that 
impairs the kidney's ability to excrete free water (see 
Table 2). Excretion of free water will be impaired when 
there is either (I) a marked reduction in glomerular 
filtration rate, (2) renal hypoperfusion, or (3) arginine 
vasopressin (AVP) excess. Most cases of hyponatremia are 
the result of increased AVP production. 

Renal water handling is primarily under the control of AVP, 
which is produced in the hypothalamus and released from the 
posterior pituitary. The action of AVP is mediated via the 
vasopressin V2 receptor. AVP binding ofV2 receptors results 
in the insertion of aquaporin 2 (AQP2) water channels on the 
apical surface of the principal cells of the cortical collecting 
duct, which markedly increases water permeability and impairs 
water excretion [2]. There are osmotic, hemodynamic, and 
nonhemodynamic stimuli for AVP release. The body will 
attempt to preserve extracellular volume at the expense of 
SNa. Therefore, a hemodynamic stimulus for AVP production 
will override any inhibitory hypo-osmolar effect of hypona­
tremia [3]. There are numerous hemodynamic and non­
hemodynamic stimuli for A VP production (Table I) that occur 
in hospitalized patients and that can put virtually any 
hospitalized patient at risk for hyponatremia. In order for 

~Springer 

24 

5 

1.4 

hyponatremia to develop in the presence of A VP excess, there 
must be an additional source of free-water intake, either 
intravenous or oral. Even isotonic fluid administration could in 
theory result in hyponatremia in the presence of A VP excess, as 
the kidney can generate free water by excreting a hypertonic 
urine, i.e. a urine sodium plus potassium concentration greater 
than that of the plasma [4]. 

• Hyponatremia typically results from the combination 
of AVP excess plus free water intake. 

Is asymptomatic hyponatremia a benign condition? 

Increased attention has been focused on the possible 
deleterious consequences of asymptomatic hyponatremia. 
Most of this data comes from adult studies, but pediatric 
data are starting to appear. Recent data have revealed that 
hyponatremia is an independent predictor of mortality in 

Table 2 Disorders in impaired renal water excretion 

I. Effective circulating volume depletion 

a) Gastrointestinal losses: vomiting, diarrhea 
b) Skin losses: cystic fibrosis 

c) Renal losses: salt-wasting nephropathy, diuretics, cerebral salt 
wasting, hypoaldosteronism 

d) Edematous states: heart failure, cirrhosis, nephrosis, 
hypoalbuminemia 

e) Decreased peripheral vascular resistance: sepsis, hypothyroidism 
2. Thiazide diuretics 

3. Renal failure 

a) Acute 

b) Chronic 

4. Non-hypovolemic states of antidiuretic hormone (ADH) excess 
a) Syndrome of inappropriate secretion of antidiuretic hormone 

(SIADH) 

b) Nausea, emesis, pain, stress 

c) Post-operative state 

d) Cortisol deficiency 

5. Nephrogenic syndrome of inappropriate antidiuresis (NSIAD) 
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adult patients with a variety of diseases, in particular, 
patients with pneumonia, congestive heart failure, and end~ 
stage liver disease [5-7]. It has recently been demonstrated 
that mild chronic hyponatremia (mean SNa 128 mEq/L) in 
adults can result in subtle neurological impairment affecting 
both gait and attention, similar to that of moderate alcohol 
intake [8]. This appears to explain why hyponatremia has 
come to be associated with falls and bone fractures in the 
elderly [8-10]. 

There are data to suggest that hyponatremia has 
deleterious consequences in the preterrn neonate, though 
data are lacking in older children. Preterm neonates with 
hyponatremia show impaired growth and development 
compared with those who have been salt supplemented 
[II, 12] and have increased sodium intake as adolescents 
[13]. Hyponatremia is also a significant risk factor for 
sensorineural hearing loss [14], cerebral palsy [15], and 
intracranial hemorrhage [16]. Hyponatremia has been 
shown to be a risk factor for increased mortality in neonates 
who suffered perinatal birth asphyxia [ 17]. 

• 

• 

Asymptomatic hyponatremia in adults is associated 
with attention and gait abnormalities, falls and frac­
ttues, and increased mortality in patients with pneumo­
nia, heart failure and liver disease. 
Asymptomatic hyponatremia in preterm neonates is 
associated with poor growth and development, senso­
rineural hearing loss, and increased sodium intake in 
later life. 

What are the clinical features of hyponatremic 
encephalopathy? 

Hyponatremic encephalopathy is a medical emergency that 
can be lethal. The pathogenesis and epidemiology of 
hyponatremic encephalopathy have been reviewed in detail 
by us elsewhere [18-20]. The primary symptoms of 
hyponatremia are those of cerebral edema (see Table 3). 
Hypoosmolality results in intracellular or cytotoxic cerebral 
edema caused by the influx of water into the intracellular 
space down a concentration gradient, resulting in paren­
chymal brain swelling. Cerebral edema results in increased 
intracranial pressure that can lead to brain ischemia, 
herniation, and death. The brain's primary mechanism in 
adapting to hyponatremia is the intracellular extrusion of 
electrolytes and organic osmolytes. Some of these organic 
osmolytes are excitatory amino acids, such as glutamate 
and aspartate, that can produce seizures in the absence of 
detectable cerebral edema [21]. 

Hyponatremic encephalopathy can be difficult to recog­
nize, as the presenting symptoms are variable and can be 
nonspecific (see Table 3). The only universal presenting 

Table 3 Clinical symptoms of 
hyponatremic encephalopathy 
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I. Early 

a. Headache 

b. Nausea and vomiting 

c. Lethargy 

d. Weakness 

e. Confusion 

f. Altered consciousness 

g. Agitation 

h. Gait disturbances 

2. Advanced 

a. Seizures 

b. Coma 

c. Apnea 

d. Pulmonary edema 

e. Decorticate posturing 

f. Dilated pupils 

g. Anisocoria 

h. Papilledema 

i. Cardiac arrhythmias 

j. Myocardial ischemia 

k. Central diabetes insipidus 

features of hyponatremic encephalopathy are headache, 
nausea, vomiting, and lethargy. These symptoms can easily 
be overlooked, as they occur in a variety of conditions. There 
must be a high index of suspicion for diagnosing hypona­
tremic encephalopathy, as the progression from mild to 
advanced symptoms can be abrupt and does not follow a 
consistent progression. A cranial computed tomography (CT) 
scan cannot consistently be used to rule out hyponatremic 
encephalopathy, as it is not sensitive enough to detect mild 
cerebral edema that could be detected by diffusion-weighted 
magnetic resonance imaging (MRI) [22, 23]. 

A common yet underrecognized feature of hyponatremic 
encephalopathy is noncardiogenic pulmonary edema, also 
referred to as Ayus-Arieff syndrome [24, 25]. Cerebral edema 
leads to increased intracranial pressure, which can result in 
pulmonary edema via two mechanisms: (l) centrally 
mediated increase in pulmonary vascular permeability to 
proteins, leading to increased alveolar and interstitial fluid 
[26], and (2) increased sympathetic neuronal activity with 
catecholamine release, resulting in pulmonaty vasoconstric­
tion with increased capillary hydrostatic pressure and 
capillary wall injury (Fig. I) [27, 28]. This has primarily 
been reported in patients with postoperative hyponatremic 
encephalopathy and exercise-associated hyponatremia [29, 
30]. It is important to recognize this syndrome, as it is 
rapidly reversible with hypertonic saline and is almost 
universally fatal if left untreated. 

• The most consistent clinical features of hyponatremic 
encephalopathy are headache, nausea, and vomiting. 

~Springer 
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Hyponn1remia 

Cylotox.ic cerebral edema 

Pulmonary vasoconstriction 

Elevated capillary 
hydrostatic pressure 

Fig. 1 Mechanism of noncardiogenic pulmonary edema in hypona~ 
tremic encephalopathy 

• Noncardiogenic pulmonary edema is an underrecog­
nized feature of hyponatremic encephalopathy. 

• Hyponatremic encephalopathy can occur in the absence 
of CT evidence of cerebral edema. 

What are the risks factors for developing hyponatremic 
encephalopathy? 

Here we describe the major risk factors for hyponatremic 
encephalopathy development (Table 4). 

Children 

It is important to realize that children are at significantly 
higher risk than are adults for developing hyponatremic 
encephalopathy. The average SNa in children with hypo­
natremic encephalopathy is 120 mEq/L [31, 32], whereas 
that in adults is Ill mEq/L [9, 31-33]. More than 50% of 
children with an SNa <125 mEq!L will develop hypona­
tremic encephalopathy [20]. The reason for this is that 
children have a relatively larger brain to intracranial volume 
ratio compared with adults [34, 35]. A child's brain reaches 
adult size by 6 years of age, whereas the sknll does not 
reach adult size until 16 years of age [36, 37]. As a result, 
children have less room available in their rigid skulls for 
brain expansion and are likely to develop brain herniation 
from hyponatremia at higher SNa concentrations than 
adults. The fontanelles in infants appear to offer little 
protection, as the incidence of hyponatremic encephalopa­
thy in infants is quite high [38]. 

~Springer 
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Factors that impair brain-cell-volume regulation and decrease 
cerebral perfusion: fomale sex steroids, elevated AVP. 
and hypoxia 

There are various factors that can impair the normal brain 
regulatory volume decrease and place patients at increased 
risk for the development of hyponatremic encephalopathy, 
independent ofthe degree ofhyponatremia orthe rate of fall in 
SNa. The primary factors are female sex steroids, elevated 
A VP levels, and hypoxia. Women in their reproductive years 
are at high risk for developing hyponatremic encephalopathy 
[33]. The reason for this appears to be that estrogens impair 
brain-cell-volume regulation by reducing the sodium/ 
potassium/adenosine triphosphatase (Na+/K +I ATPase) 
pump activity, thereby inhibiting sodium extrusion from 
brain astrocytes. Androgens, on the other hand, appear to 
enhance Na+/K +/ATPase pump activity and confer a 
protective role in men [ 18]. Another reason that women 
are more susceptible to hyponatremic encephalopathy is 
that the vasoconstrictive effects of A VP are more pro­
nounced in the female brain than in that of the male brain. 
AVP excess leads to cerebral vasoconstriction with 

Table 4 Risk factors for developing hyponatremic encephalopathy 

I) Impaired brain cell volume regulation and decreased cerebral 
perfusion 

a) Elevated AVP levels 

b) Female sex steroids 

c) Hypoxia 

2) Decreased cranial capacity 

a) Children <16 years 

b) Space-occupying brain lesion 

i) Tumor 

ii) Hematoma/hemorrhage 

c) Hydrocephalus 

i) Chiari malfonnation 

ii) Dandy Walker 

3) Central nervous system disorders (cytotoxic and vasogenic cerebral 
edema) 

a) Infections 

i) Meningitis/encephalitis 

b) Encephalopathy 

i) Metabolic 

(I) Diabetic ketoacidosis 

(2) Hyperammonemia 

(3) Bilirubin 

ii) Hepatic 

iii) Ischemic 

iv) Toxic 

c) Cerebritis 

d) Brain injury and neurosurgery 

e) Seizure disorders 
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corresponding decreased oxygen delivery [ 18]. AVP is 
known to increase brain·water content in the absence of 
hyponatremia and to impair brain regulatory volume 
mechanisms [39-41]. Postoperative patients are at partic­
ularly high risk for developing hyponatremic encephalop­
athy, and this may be explained in part by the high AVP 
levels associated with surgery [33]. Hypoxemia is a major 
risk factor for developing hyponatremic encephalopathy. 
The occurrence of a hypoxic event such as respiratory 
insufficiency is a major factor militating against survival 
without pennanent brain damage in patients with hypona­
tremia [42]. The combination of systemic hypoxemia and 
hyponatremia is more deleterious than is either factor 
alone because hypoxemia impairs the ability of the brain 
to adapt to hyponatremia, leading to a vicious cycle of 
worsening hyponatremic encephalopathy [43]. Studies of 
hyponatremic animals have revealed that hypoxia impairs 
brain-cell-volume regulation, decreases cerebral perfusion, 
and increases the probability of developing neuronal 
lesions [44]. 

Underlying CNS disease 

Hyponatremia is poorly tolerated in patients with central 
nervous system (CNS) disorders [45]. Even a small fall in 
SNa can aggravate cerebral edema and increase intracra­
nial pressure (ICP) [46-48]. CNS pathology can lead to 
increased ICP from space-occupying brain lesions, hydro­
cephalus, or cerebral edema. Cerebra edema can occur via 
two mechanisms: vasogenic and cytotoxic. Vasogenic 
edema is the accumulation of fluid in the extracellular 
brain parenchyma from a disruption in the blood~brain 
barrier, such as is seen with a brain tumor, abscess, or 
meningitis. Cytotoxic cerebral edema is the accumulation 
of fluid in the intracellular space, which is seen with 
hypoxic brain injury, metabolic encephalopathy, and 
hyponatremia [49]. These mechanisms are not mutually 
exclusive. A patient with a CNS disorder will already be at 
risk for increased ICP and have impaired brain-cell­
volume regulation. The additional water movement into 
the brain from even mild hyponatremia can be lethal. 

It has been demonstrated that in children with a 
variety of neurologic diseases that hyponatremia is 
associated with prolonged hospital stay and poor neuro­
logic outcome [50]. Similar findings have been reported 
in adults with traumatic brain injury [51]. In a study of 
children with Lacrosse encephalitis, mild hyponatremia 
was strongly associated with neurological deterioration 
[46]. SNa of patients with neurological deterioration was 
only 2 mmoVL less than in those without (13!.9 vs. 
133.8 mmol), and a fall in SNa of only 4 mmoi/L resulted 
in neurological deterioration. In a study in children with 
pneumococcal meningitis, the mortality was I 00% for 
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those who presented with SNa <130 mEq/L [52]. 
Hyponatremia has been reported to lead to progressive 
cerebral edema in children with maple-syrup-urine disease 
during episodes of acute metabolic intoxication [53]. Mild 
hyponatremia, SNa <135 mEq/L, also appears to play a 
role in the development of cerebral edema in patients with 
diabetic ketoacidosis (DKA). It has been demonstrated on 
MRI that patients with DKA have evidence of vasogenic 
cerebral edema [54]. The development of worsening 
cerebral edema in DKA has been associated with a fall 
in serum osmolality during therapy and a slower rise in 
serum osmolality compared with controls [55, 56]. No 
degree of hyponatremia should be considered safe in a 
patient with CNS disease. 

• Major risk factors for developing hyponatremic en­
cephalopathy are: (a) age <16 years, (b) hypoxemia, 
and (c) CNS disease. 

Can hospital-acquired hyponatremia be prevented? 

The majority of the morbidity and mortality rrom 
hyponatremic encephalopathy has occurred in hospital­
ized patients receiving hypotonic intravenous fluids, in 
particular, postoperative patients. In 2003 [57], we 
proposed that 0.9% sodium chloride (NaCI: Na 
154 mEq/L) be administered to prevent hospital-acquired 
hyponatremia in patients at risk for AVP excess (see 
Table 5) and that the routine practice of administration 
of hypotonic and near-isotonic intravenous fluids (Na 
S 130 mEq/L) be abandoned [45, 57, 58]. We recommen­
ded that hypotonic fluids be restricted in their use in 
patients with either hypematremia (Na > 145 mEqiL) or 
ongoing urinary or extrarenal free-water losses. This 
concept, which challenged the traditional view of fluid 
therapy in children, was received with skepticism [59]. The 
main criticism of this approach was that 0.9% NaCI could 
result in either hypematremia or fluid overload. Subsequent 

Table 5 Primary indications for using 0.9% NaCI in parenteral fluids 
for the prevention of hospital-acquired hyponatremia 

1. Central nervous system disordeni 
2. Peri-operative state 

a. Ear, nose, and throat (ENT) and orthopedic in particular 
3. Volume depletion 

4. Hypotension 

5. Pulmonary disease 
a. Pneumonia and bronchiolitis in particular 

6. Hydration for chemotherapy 

a. Cytoxan in particular 
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studies have confirmed that hypotonic fluids produce 
hyponatremia and that the administration of 0.9% NaCl 
does not result in either hypematremia or fluid overload. 

In 2005, we presented data of >50 reports, from 
1992-2004, of death or neurologic dysfunction from 
hyponatremic encephalopathy associated with the admin­
istration of hypotonic fluids in children. To the best of 
our knowledge, there have been nine additional reports of 
hyponatremic encephalopathy related to hypotonic fluids, 
with three deaths (Table 6) [58, 60-M]. It is estimated 
that there are >600 deaths per year from postoperative 
hyponatremic encephalopathy in children in the USA and 
one death per year in France [34, 65]. In Australia, it is 
estimated that about 10% of medical emergencies in the 
hospital involve hospital-acquired hyponatremia [67]. 
Despite the well-documented dangers of using hypotonic 
fluids, multiple recent studies in the USA and UK have 
revealed that between 80-100% of postoperative children 
are still being administered hypotonic fluids (0.18--0.45% 
NaCl) [58, 68-70]. In September 2007, the National 
Patient Safety Agency in the UK issued a warning about 
the use of hypotonic fluids in postoperative children and 
children with mild illness and recommended that 0.18% 
NaCl be removed from patient care areas [71]. 

Since our initial recommendations were made in 2003, 
there have been at least II studies in > 1,000 children 
confirming our hypothesis that (a) hypotonic fluids, 
including Ringer's Lactate (Na 130 mEq!L), produce 
hyponatremia and that (b) isotonic fluids prevent the 
development of hyponatremia (Table 7). The most con­
vincing evidence that 0.9% NaCI is effective in preventing 
hospital-acquired hyponatremia has come from two recent 
prospective randomized studies comparing isotonic to 
hypotonic fluids. Yung and Keely conducted a prospective 
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randomized controlled trial in 50 pediatric patients receiv­
ing either 0.9% NaCI or 0.18% saline at either standard 
maintenance or 2/3 maintenance rate [72]. Thirty-six (72%) 
were postsurgical. The 0.9% NaCl group had a full in SNa 
of 0.2 mEq/L at 2/3 maintenance and 1.5 mEq!L at full 
maintenance, whereas the 0.18% NaCl group had a fall in 
SNa of 3 mEq!L at 2/3 maintenance and 4.9 mEq/L at full 
maintenance. They concluded that fluid type, not rate, was 
associated with a fall in SNa. Montanana et a!. similarly 
conducted a prospective randomized controlled trial of 122 
postoperative pediatric patients admitted to the intensive 
care unit who received either an isotonic fluid (Na + K = 
!55 mEq/L) or hypotonic fluids (Na < 100 mEq/L) [73]. 
The incidence of hyponatremia (Na < 135) at 24 h was 
20.6% in the hypotonic fluid group compared with 5.1% in 
the isotonic group. Both studies failed to document any 
complications from isotonic fluids, such as hypertension or 
hypematremia. 

Based on all the available data, 0.9% NaCl should be the 
fluid of choice in maintenance parenteral fluids, especially 
in the postoperative setting and in children with CNS or 
pulmonary disease. It must be emphasized that 0.9% NaCl 
is not appropriate for all clinical circumstances. Nonnal 
saline could result in hypematremia if given to children 
with conditions causing ongoing urinary or extrarenal free­
water losses, such as diabetes insipidus or profuse water 
diarrhea. Also, 0.9% NaCl may not always be able to prevent 
hyponatremia, in particular, in cases of CNS injury where 
there is cerebral salt wasting or Syndrome of Inappropriate 
Antidiuretic Hormone Secretion (SIADH) where the urine 
osmolality is >500 mOsrnlkg. Patients receiving parenteral 
fluids should have close monitoring with daily weights, 
frequent vitals, strict intake and output measurement, and 
daily chemistries, especially during the first 72 h of therapy. 

Table 6 Hospital-acquired hyponatremic encephalopathy in children receiving hypotonic fluids (2005-2009) 

Authors Age Setting [ntravenous fluid Sodium Symptoms Treatment Outcome 
(yean;) value 

(mEq/L) 

Duke ct a!. 2005 [61] 19 ALL,dDAVP 0.18% NaCI 138 to 124 Seizures 3% NaCI Survived 
2 Medulloblastoma 0.18% NaCI 143to119 Seizures & hypoxia 3% NaCI Survived 
6 ALL 0.45% NaCI 136 to 125 Seizures & respiratory 3% NaCI Survived 

0.22% NaCI 142-107 
depression 

3% NaCI Survived Ashraf and Albert 0.1 Bronchiolitis Lethargy 
2006 [64] 

0.45% NaCI 138 to 96 Fluid Survived Osier et al. 2006 [62] 8 Burkitt's Seizures 
~mphoma restriction 

Afc)t Fuster et al. 3.5 A enoidectomy 0 5 Water 116 Seizures, comatose 3% NaCI Survived 
006 [60] 

12Sto123 Seizures, coma, respiratory None Death Donaldson et at. 5.5 Adrenal 0.45% NaCI 
2007 [63] suppression arrest, 

cardiogenic shock 
Auroy et a!. 2008 [651 4 Dental extraction 0 5 Water & 0.35% 120 Coma, respiratory distress, heart None Death 

NaC\ failure 
Cansick et a!. 2009 [ 126] II Renal transplant 0.45 NaCI 14!1-121 Seizures, cerebral herniation Lorazepam Death 

ALL acute lymphoblastic leukemia, dDAVP l-desamino-8d-arginine vasopressin, NaCl sodium chloride, D5 water 5% dextrose in water 
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Table 7 Relationship between intravenous fluid composition and development of hyponatremia (2003-2009) 

Authors 

Hoom et al. 
2004 [123] 

Neville eta!. 
2005 [127] 

Mehta et al. 
2005 [128] 

Neville et al. 
2006 [129] 

Dearlove et al. 
2006 [130] 

Stewart and 
McGrath 2007 
[131] 

Coulthard et al. 
2007 [\32] 

Yung and Keely 
2009 [72] 

Am10n et al. 
2008 [124] 

Au et al. 2008 
[58] 

Montonana et a!. 
2008 [73] 

Singhi and 
Jayashre 2009 
[133] 

Study design 

Retrospective. Incidence of acute (48 h) hospital~acquired hyponatremia 
(SNa < 136 mEq!L) in children presenting to the ED with a normal SNa 

Prospective. Change in SNa at 4 h in nonnonatremic children with gastroenteritis 
receiving 0.45% NaCI 

Prospective. Change in SNa at 24 h in jaundiced neonates receiving 0.18% NaCI 

Prospective randomized triaL Change in SNa at 4 h in nom10natremic children with 
gastroenteritis receiving either 0.45% NaCI or 0.9% NaCI 

Retrospective. Incidence of hyponatremia in children following appendectomy; 87% 
received 0.45% NaCl 

Prospective. Change in SNa in children following appendectomy treated with 0.45% NaCI 
or 0.90/o NaCI 

Retrospective. Change in SNa in children following spinal surgery treated with 0.3% NaCI 
at 2/3 maintenance or full maintenance with Hartmann's solution (Na=131 mEq/L) 

Prospective randomized trial. Change in SNa at 12-24 h in children admitted to the ICU 
randomized to either 0.18% NaCl or 0.9% NaCI at 2/3 or full maintenance rate 

Cross-sectional survey. Incidence of hyponatremia (SNa < 135 mEq/L) in children 
receiving hypotonic fluids one day; 77% received hypotonic fluids 

Retrospective. Incidence of moderate hyponatremia (SNa < 130 mEq/L) within 24 h in 
postoperative children admitted to the ICU receiving hypotonic fluids (Na < 130 m.Eq/L) 
or near isotonic fluids (Na:::: 130 mEq!L) 

Prospective randomized. Incidence of hyponatremia (SNa < 135 mEq!L) within 24 h in 
postoperative children admitted to the ICU receiving either hypotonic fluids 
(Na < 100 mEq/L) or isotonic fluid (Na + K= 155 mEq!L) 

Prospective observational. Incidence of hyponatremia (SNa <130) in children admitted to 
the ICU receiving 0.18% NaCI 

SNa serum sodium, ED emergency department, NaC/ sodium chloride, Na sodium, !CU intensive care unit 

Number 

432 

25 

37 

65 

51 

30 

59 

50 

86 

145 

122 

38 

Outcome 

40 patients (1 0%) developed acute hyponatremia with a fall in SNa from 
139±3 to 133 ±2 m.Eq/L in 19± 10 h. All received hypotonic fluids 

Fall in SNa from 138± 1.6 to 135±2 mEq/L 

Fall in SNa from 141 ±5 to 134±4 mEq!L 

Fall in SNa in the 0.45% NaCl group from 137±7 to 135±1.8 mEq/L 

SNa unchanged in 0.9% NaCI group, 137±2.2 to 138±2.9 mEq!L 

32% incidence of hyponatremia (127-133 mEq!L) 

Fall in SNa in the 0.45% NaCI group by 1.2 mEq/Liday 

Increase in SNa in the 0.9% NaCI group by 1.7 mEq/Uday 

Fall in SNa in 0.3% NaCI group from 140.7±2.4 to 135.5±2.5 

Fall in SNa in Hartmans's group from 140.1 ±2.5 to 137.6±2.R 

Fall in SNa in 0. I 8% NaCI group by 3 mEq!L and 4.9 mEq!L, 
respectively 

Increase in SNa in the 0.90/o NaCI group by 0.2 and 1.5 mEq/L, 
respectively 

24% incidence of hyponatremia 

12.9% incidence of moderate hyponatremia in the hypotonic group 

3.4% incidence in moderate hyponatremia in the near isotonic group 

20.6% incidence of hyponatremia in the hypotonic group 

5.1% incidence of hyponatremia in the isotonic group 

31% incidence of hyponatremia 
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• Randomized controlled trials have confirmed that 0.9% 
NaCl is effective in preventing the development of 
hospital-acquired hyponatremia. 

What is the optimal therapy for treating hyponatremic 
encephalopathy? 

Hyponatremic encephalopathy is a medical emergency that 
requires early recognition and treatment. The definitive 
therapy for treating hyponatremic encephalopathy is ad­
ministration of hypertonic saline (3% NaCI, 513 rnEq/L). 
The majority of morbidity associated with hyponatremic 
encephalopathy has resulted from insufficient therapy rather 
than overcorrection [9, 74-77]. As can be seen from 
Table 6, all recent deaths in children have resulted from 
failure to recognize and treat hyponatremic encephalopathy 
appropriately. Even in patients who had a good outcome, 
many had a significant delay in instituting therapy. This is 
consistent with recent data in adults with hyponatremic 
encephalopathy that reveal that there is an average delay of 
II h in instituting therapy with 3% NaCl because of either 
absence of severe neurological symptoms or failure to 
increase the SNa with other therapies [78]. 

Fluid restriction alone has no role in the management of 
symptomatic hyponatremia; 0.9% NaCI is also inappropri­
ate for treating hyponatremic encephalopathy due to non­
hemodynamic states of A VP excess, such as SIADH, 
postoperative hyponatremia, and exercise-associated hypo­
natremia, as it is not sufficiently hypertonic to induce the 
necessary reduction in cerebral edema central to the 
management of this condition [27]. In the presence of 
elevated AVP levels, there will be an impaired ability to 
excrete free water with the urine osmolality exceeding that 
of the plasma. This is a saline-resistant state in which the 
urinary electrolyte level can be hypertonic to that of the 
plasma. There is a new class of drug called V2-receptor 
antagonists (V2RA), or Vaptans, which cannot be recom­
mended for the treatment of hyponatremic encephalopathy 
at this time [27]. V2RAs block the binding of AVP to its V2 
receptor located in the renal collecting duct [79]. These 
drugs are primarily indicated for treating euvolemic 
hyponatremia from SIADH and hypervolemic hyponatre­
mia in congestive heart failure. There are no data to suggest 
that V2-receptor antagonists will cause either a sufficiently 
rapid or sufficiently consistent increase in SNa for it to be 
used in the treatment of symptomatic hyponatremia. 
Current data indicate that V2-receptor antagonists do not 
exert an effect for 1-2 h, which would make it an 
inappropriate agent for symptomatic hyponatremia [79]. 
The only consistent way of acutely increasing plasma Na is 
to administer 3% NaCI, which has a sodiwn concentration 
that exceeds the kidney's ability to generate free water. 
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There may be a role for V2-receptor antagonists in 
conjunction with 3% NaCl for treating hyponatremic 
encephalopathy, but this needs to be further evaluated. 

• 3% NaCI is the most effective therapy for treating 
hyponatremic encephalopathy. 

• V2-receptor antagonists should not be used as the sole 
treatment of hyponatremic encephalopathy. 

Hypertonic saline (3% NaCI, 513 mEq/L) bolus therapy 
for treating hyponatremic encephalopathy 

We introduced a new approach to using 3% NaCI for treating 
hyponatremic encephalopathy in order to (a) facilitate early 
and aggressive therapy and (b) prevent inadvertent over­
correction of hyponatremia (see Table 8). In 2005, we 
recommended using a I 00-cc bolus of 3% NaCI to treat 
exercise-associated hyponatrernic encephalopathy [80]. This 
approach has since been adopted by the Second International 
Exercise-Associated Hyponatremia Consensus Development 
Conference [81]. We have since recommended that any 
patient with suspected hyponatremic encephalopathy, with 
either mild or advanced symptoms, should receive a 2-cc/kg 
bolus of3% NaCI with a maximum of 100 cc [27, 45]. Our 
approach has now been recommended by other experts to 
treat adults with hyponatremic encephalopathy [82, 83]. A 
single bolus would result in at most a 2-mEq/L acute rise in 
SNa, which would quickly reduce brain edema. The bolus 
could be repeated one or two times if symptoms persist. This 
approach can also serve as a diagnostic maneuver, as a 
patient who does not show some clinical improvement after 
two to three boluses of3% NaCl most likely is not suffering 
from hyponatremic encephalopathy. The advantage of this 
approach over a continuous infusion of3% NaCI is that there 
is a controlled and immediate rise in SNa and also little or no 
risk of inadvertent overcorrection from a 3% NaCI infusion 

Table 8 Treatment of symptomatic hyponatremia 

l. 2 cc/kg bolus of 3% NaCI over 10 min. Maximum 100 cc 

2. Repeat bolus l-2 times as needed until symptoms improve. Goal: 
5--6 mEqi/L increase in serum sodium (SNa) in first 1-2 h 

3. Recheck SNa following second bolus or Q 2 h 

4. Hyponatremic encephalopathy is unlikely if no clinical 
improvement following an acute rise in serum sodium of 
5--U mEq/L 

5. Stop further therapy with 3% NaCI boluses when patient is either: 

a. Symptom free: awake, alert, responding to commands, resolution 
of headache and nausea 

b. Acute rise in sodium of 10 mEq/L in if first 5 h 

6. Correction in first 48 h should: 

a. Not exceed 15-20 mEq/L 

b. Avoid normo· or hypematremia 
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running too long. No harm could come from using this 
approach in a patient with suspected hyponatremic 
encephalopathy, even if the patient proves not to have 
hyponatremic encephalopathy. It is our opinion that 
treatment of suspected symptomatic hyponatremic encepha­
lopathy should begin with a 3% NaCI bolus. This should 
precede radiologic investigations because (a) neurologic 
deterioration could occur if there is a delay in therapy 
and (b) a CT scan cannot always rule out hyponatremic 
encephalopathy. This maneuver will stabilize the patient until 
further diagnostic studies can be done and serve as a bridge to 
instituting other therapies, such as V2-receptor antagonists. 

Recommended safe limits for the correction of 
hyponatremia vary among experts depending on the 
setting of hyponatremia, including from 6 to 8 mEq/L 
in 24 h [82], I 0 mEq/L in 24 h [84], 15 mEq/24 h [85] or 
20 mEq/L in 48 h [45], as do recommendations for using 
hypertonic saline. Our recommendation to use bolus 
therapy is a unifYing approach that would stay well within 
all recommended limits of correction and can be used 
safely in any setting, from mildly symptomatic to severe 
encephalopathy and in acute or chronic hyponatremia. Our 
approach does not rely on formulas or complicated 
calculations, and it can be administered safely and quickly 
in the emergency department or at the bedside prior to 
transfer to a monitored setting. 

• A 2 cc/kg bolus of 3% NaCI, maximum 100 cc, should 
be administered promptly over I 0 min if there are signs 
of hyponatremic encephalopathy. 

• A 3% NaCl bolus can be repeated one or two times as 
needed until symptoms improve. 

• The goal of correction should be 5~ mEqi!L in the 
first 1-2 h. 

Who is at risk for developing cerebral demyelination? 

A significant barrier to the use of hypertonic saline has 
been the perceived risk of developing cerebral demye­
lination from overcorrection of hyponatremia. Cerebral 
demyelination is a rare condition that has been reported 
in patients with chronic hyponatremia (>48 h) who have 
additional risk factors such as liver disease or alcohol­
ism, severe malnutrition, hypoxia, or correction in SNa 
of >25 mEq/L in the first 24-48 h of therapy [74]. In 
these high-risk patients (see Table 9), it is not clear that 
cerebral demyelination is completely preventable, as there 
have been multiple reports of cerebral demyelination 
occurring with both careful correction or in the absence 
of hyponatremia [86-96]. Cerebral demyelination has not 
been reported in children with acute hospital-acquired 
hyponatremia, nor have neurological complications been 
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Table 9 Risk factors for developing cerebral demyelination in 
hyponatremic patients 

I. Severe chronic hyponatremia: Na :5115 mEq/L 
2. Development of hypematremia 
3. Increase in serum sodium exceeding 25 mmol/L in 48 hours 
4. Hypoxemia 

5. Severe liver disease 
6. Thiazide diuretics 

7. Alcoholism 

8. Cancer 

9. Severe Bums 

I 0. Malnutrition 

II. Hypokalemia 

12. Diabetes 
13. Renal failure 

associated with the use of 3% NaCI to treat children with 
acute hyponatremic encephalopathy [97-100]. 

When cerebral demyelination does occur, it can be either 
symptomatic or asymptomatic [20]. The classical presenta­
tion typically follows a biphasic pattern, with initial clinical 
improvement of hyponatremic encephalopathy associated 
with correction of SNa, followed by a neurological 
deterioration 2-7 days following correction [ 42, I 0 I]. 
Typical neurological features are mutism, dysarthria, spastic 
quadriplegia, pseudobulbar palsy, ataxia, and pseudobulbar 
palsy with "locked-in stare" [I 02]. Cerebral demyelination 
is best diagnosed by MRI 14 days following correction of 
hyponatremia, and the lesions can be both pontine and 
extrapontine (103]. 

• Patients at highest risk for developing cerebral demyelin­
ation have chronic hyponatrentia and either (a) liver 
disease, (b) malnutrition, (c) hypoxia, or(d) an increase in 
SNa of>25 mEq/1. 

• Patients with acute hyponatremia are not at significant 
risk for developing cerebral demyelination. 

What arc the dangers of overcorrection 
of hyponatremia? 

There are limits to the brain's ability to maintain cell 
volume and cellular integrity when faced with extreme 
elevations in osmolality. Animal studies have revealed that 
extreme elevations in SNa are injurious to the brain, 
producing cellular necrosis, myelinolysis, disruption of the 
blood-brain barrier, and increase in cerebral blood flow 
[104-110]. For chronically hyponatremic animals, the 
threshold for brain injury appears to be an acute elevation 
in SNa of 25 mEq/L within 24 h [106, 107, Ill, 112]. 
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Chronically hyponatremic rats can be corrected with 
hypertonic saline by as much as 20 mEq/L in l h without 
developing brain pathology [lll]. Acutely hyponatremic 
and normonatremic animals have a significant mortality 
when SNa is increased by >25 mEq/L but a much lower 
incidence of brain injury when compared with chronically 
hyponatremic animals [104-106, 113, 114]. Clinical obser­
vations in chronically hyponatremic humans also suggest 
that increases in SNa of >25 mEq/L in 48 h can result in 
neurologic impainnent [9, 74]. Based on these animal 
studies and clinical observations, increases in SNa of a 
magnitude >25 mEq/L in a 48-h period should be avoided. 

• Acute elevations in SNa exceeding 25 mEq/L in 48 h 
can produce brain injury. 

Can inadvertent overcorrection of hyponatremia 
be prevented? 

Preventing an extreme rise in SNa (>25 mEq/L in 48 h) can 
be difficult, particularly in the severely hyponatremic 
patient (SNa ~ 115 mEq/L). The overall rate of correction 
of hyponatremia is primarily a determinant of the renal 
response to !luid therapy, more so than the composition of 
fluids administered. Under most circumstances, hyponatreM 
mia develops due to a state of high AVP production. Once 
the stimulus for A VP production abates, there will be brisk 
urinary excretion of free water and hyponatremia will 
correct rapidly. The main conditions in which correction by 
!luid therapy will induce a brisk free-water diuresis are (a) 
thiazide-induced hyponatremia, (b) water intoxication, (c) 
gastroenteritis, (d) adrenal insufficiency following replace­
ment therapy, and (e) l-desamino-8d-arginine vasopressin 
(dDAVP)-induced hyponatremia following dDAVP with­
drawal. Even in patients who are not typically at high risk 
for overcorrection, such as those with SIADH and 
postoperative hyponatremia, when the stirnu1i for AVP 
production abates, a free-water diuresis will ensue. It is 
important to recognize that equations for predicting the 
correction of hyponatremia will not apply in these patients, 
as most of these equations are closed-system equations that 
due not take into account the renal response to fluid therapy 
[19, 78]. ln general, if the SNa is > 115 mEq/L, then even if 
there is a brisk free-water diuresis, the absolute rise in SNa 
will not likely exceed 25 mEq/L, and the risk of brain 
injury is small. 

We recommend that the following measures be taken to 
prevent overcorrection of hyponatremia: (l) Patients with 
an SNa <115 mEq/L should be monitored to see whether a 
water diuresis ensues, as evidenced by an increase in SNa 
of> l mEq/L per hour accompanied by a urine flow rate of 
> l ml/kg per hour. ln general, a urine tonicity (urine 
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Na + K) <80 mEq/L or urine osmolality less than that ofthe 
plasma is consistent with a significant free-water diuresis 
during the correction phase of hyponatremia. (2) Hydration 
with either 3% NaCl or 0.9% NaCl should be limited to the 
minimal amount necessary to correct the SNa to a safe level 
or correct volume depletion. (3) Sodium-containing intra­
venous fluid should be restricted once a free-water diuresis 
commences, and oral intake should be encouraged. (4) 
Parenteral !luids, when needed, should be hypotonic, Na 
concentration <80 mEq/L, if there is a free-water diuresis. 
On the rare occasion that a pediatric patient with severe 
hyponatremia fails these above measures, the administra­
tion of dDAVP could be considered. DDAVP administra­
tion was first suggested to prevent the overcorrection of 
hyponatremia in 1993 [ 115] and has subsequently been 
used successfully in adult patients [116, 117]. DDAVP has 
also been used successfully to therapeutically re-lower the 
SNa in an adult patient with overcorrection of chronic 
hyponatremia. dDA VP should be used with caution and in 
consultation with someone familiar with this therapy, as it 
can result in inadvertent hyponatremia. If used, hypotonic 
!luid administration should be avoided following the 
administration of dDAVP, and isotonic saline should be 
administered at a restricted rate when needed. An inadver­
tent lowering of the SNa following dDAVP administration 
can be corrected with a bolus of 3% NaCI. 

Management of dDAVP-induced hyponatremia 

Hyponatremia caused by dDAVP is particularly difficult to 
manage. Hyponatremic encephalopathy from dDAVP­
induced hyponatremia has been reported in children taking 
this medication for the treatment of enuresis, central 
diabetes insipidus (CD!), and as part of perioperative 
management of Von Willebrand's disease [118, 119]. A 
common and dangerous way to manage dDAVP-induced 
hyponatremia is by stopping dDAVP and administering 
0.9% NaCI. This can result in an overcorrection of 
hyponatremia, as withdrawal of dDAVP will result in a 
free-water diuresis, and in combination with 0.9% NaCl or 
3% NaCI, hypematremia could develop, especially in the 
case of CD!, where there will not be endogenous AVP 
production in response to hyperosmolality [120]. This is 
particularly likely to occur when the SNa is <115 mEq/L. 
We have previously reported on cases of brain injury from 
overcorrection of hyponatremia following dDA VP with­
drawal [120]. The safer approach is to continue the dDAVP 
to allow controlled correction in SNa. Then, 3% NaCI 
boluses can be administered as needed to correct the SNa. 
Fluid restriction should then be instituted, with isotonic 
!luids used in parenteral !luids if needed. Once the SNa has 
been corrected to mildly hyponatremic values, dDAVP 
could be discontinued. 
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• dDAVP should not be discontinued in the management 
of dDAVP-induced hyponatremia. 

Questions 

(Answers appear following the reference list) 

I. What is the main risk factor for developing hyponatremia? 

a. A VP excess 
b. Intravenous fluid therapy 
c. Prematurity 
d. Prolonged hospitalization 
e. Mechanical ventilation 

2. Which of the following is NOT a feature ofhyponatremic 
encephalopathy? 

a. Headache 
b. Noncardiogenic pulmonary edema 
c. Hyperpyrexia 
d. Seizures 
e. Orthopedic injuries 

3. Why are children at increased risk for developing 
hyponatremic encephalopathy? 

a. Increased expression of aquaporin 4 
b. Increased sensitivity of AVP 
c. Increased basal metabolic rate 
d. Increased brain- to skull-size ratio 
e. Increased brain idiogenic osmole production 

4. What is the most effective therapy of hyponatremic 
encephalopathy? 

a. Vasopressin 2 antagonists 
b. Mannitol 
c. 0.9% NaCI plus Lasix 
d. Craniotomy 
e. 3% NaCI 

5. Which of the following is NOT a risk factor for 
developing cerebral demyelination? 

a. Liver disease 
b. Acute hyponatremic encephalopathy 
c. Hypoxia 
d. Correction in SNa of >25 mEq/L in 48 h 
e. Thiazide diuretics 

Note added in proof 

Following the submission of this manuscript. Neville et 
al. [134] reported on a prospective randomized trial of 124 
postoperative children who received either 0.9% NaCI or 
0.45% NaCI at either I 00% or 50% of standard mainte­
nance. The incidence of hyponatremia (Na < 135) within 
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the first 24 hours of surgery was 30% in the 0.45% NaCl 
group compared to 10% in the 0.9% NaCI ((P0.02), with 
15% of patients in the 0.45% NaCI group having a fall in 
SNa of ~5 mEq/L compared to none in the 0.9% NaCI. 
Fluid restriction at 50% maintenance did not decrease the 
incidence of hyponatremia, but resulted in a 23% incidence 
of dehydration. Administration of 0.9% NaCI did not result 
in clinically significant hypematremia. 
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HER MAJESTY'S CORONER 
DISTRICT OF GREATER BELFAST 

John L Leckey LL.M. 
H.M. Coroner 
Coroner's Office 
Courthouse 

·.·.:_:', ·.· 

Telephone: (028) 9072 8202 
Fax: (028) 9072 4559 
E-mail: jleckey.rcj @courtsni.gov.uk 

Old Town Hall Building 
80 Victoria Street 
Belfast BTl 3GL 
Northern Ireland 

Dr E Sumner MA, BM, BCh, FRCA 
Consultant Paediatric Anaesthetist 

LUCY CRAWFORD, DECEASED 

3'ct March 2003 

I am writing to ask your assistance in connection with the death of another child 
where hyponatraemia is a material factor. Dr Peter Crean, who gave evidence at the 
Raychel Ferguson inquest, has looked at the medical records for me and is of the 
opinion that the issues regarding Lucy are not as clear cut as those concerning 
Raychel. However, he has concerns about the management of Lucy whilst a patient at 
the Erne Hospital. 

I am enclosing a copy of the post-mortem report and a copy of a letter I have received 
from Mr Stanley Millar who is the Chief Officer of the Western Health & Social 
Services Council. I would suggest you contact him direct for access to medical 
records. I am arranging to obtain statements from those concerned with the care and 
treatment of Lucy both in the Erne Hospital and the Royal Belfast Hospital for Sick 
Children and I will forward copies to you once these are available. 

The death was reported to my office on 14th April 2000. The office note gives a 
history of gastroenteritis, dehydration and brain swelling. On behalf of my office 
Dr Michael Curtis who is Assistant State Pathologist spoke to Dr Hanrahan, the 
Consultant in charge at the Children's Hospital. Dr Curtis was satisfied that a post­
mortem examination was unnecessary and the office note indicates that a Death 
Certificate was to be issued giving the cause of death as Gastroenteritis. Apparently a 
post-mortem examination was then carried out by Dr Denis O'Hara who is a 
Consultant Paediatric Pathologist at the Royal Victoria Hospital. This was not a 

DHSSPS 
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coroner's post-mortem. In retrospect Dr O'Hara should have reported his findings to 
me and I would then have made this a coroner's case. If it had not been for the letter 
from Mr Millar I would have been unaware of the fact that a post-mortem 
examination had been carried out. For your information I am enclosing a copy of the 
letter I received from Mr Millar and the post-mortem report of Dr O'Hara. 

I am assuming that you are willing to undertake this task. Should you decide that you 
have had enough of inquests in Belfast please let me know. However I sincerely hope 
that you will feel able to assist me once again. 

With best wishes. 

Yours sincerely 

JLLECKEY 
HM CORONER FOR GREATER BELFAST 

Enc 

DHSSPS 006~ 011 ~ 't-'lb 
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THE ROYAL GROUP OF HOSPITALS AND DENTAL HOSPITAL 
REALm AND SOCIAL SERVICES TRUST 

Trust Policy TP9/00 

Adverse Incident Reporting 

Rationale 

Adven~e events can be defined as "any unexpected or untoward event that has a 
detrimental effect on an individual patient, member of staff or public." This definition 
includes near miss reporting. Events related to clinical treatment;~,ll~~-.j. 
J!lllieot care, working practices, health, safety, fire, security (including diiia protection) 
and events involving property (1,2,) are covered by this policy. 
Incident and near miss reporting can be used as a means of identifYing the risks to 

which patients, staff and members of the public may be exposed. 

Objectives 

• To provide staff with au opportunity to participate in and effect changes in 
practice and procedures 

• To provide information to allow effective evaluation and monitoring of patient 
care and procedures 

• To provide formal documentation to assist in the management of complaints, 
claims and investigations by statutory bodies. 

Policy 

This policy applies to all staff and any other employers whose activities may directly 
or indirectly affect patients, staff or visitors. 
All staff must report adverse events as outlined in the procedure for adverse events 
reporting (3 ). 
Line manag~s are responsible for implementing the policy within each ward and 
department and staff must follow the recognised procedures. These are summarised 
as follows: 

• ensuring all staff are aware of the policy and procedures 
• ensuring incident documents and reports are available 
• acting appropriately on all reports received liasiog with Risk Management and 

others as necessary. 

• 

--------------------------------------------------i ·I 
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The Risk and Occupational Health Directorate is responsible for: 

• reviewing incidents and actions taken by wards and department$ 
• following up on aetion1 t.akea as deemed necessary 
• notifying appropriat~ persons or govunment agencies where required (4) 
• ensuring information is up to date and available to relevant peflOMcl 
• mmaBing incident information on behalf to include the evaluation and 

lDOnitoring of incidents and maintaifiing 1 central record of events 
• roainllining records. database md archive files. 

The ~onitoring and review of adverse event reporting will form part of ward and 
department audit activities in line with Clinical Governance md Controls Assurance. 

WMcKee 
Chief E:1ecutive 
May 1000 

REFERENCES 

1 Fi.re Precaution Policy TP 4/00 

Review D•te 
Authors: John Orchin, Health & Safety manager 

June; Champion. Cliniul Risk MaDaga 

2 Information Systems Security TP 26/98 
3 Procedure for Adverse Incident Reporting April 2000 .. :t. 
4 Reporting of Injuries. Diseases and Dangerous Occuri-~ce (NI) 1997 
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Procedure for Adverse Incident Reporting- IR 1 Form 

1.0 Introduction 

When an adverse incident occurs, a record of what happened must be completed. 
Each incident will require a review of what happened, why it occurred, and steps 
taken to resolve the incident and to prevent recurrence. Line managers will ensure 
that incident forms - IR I forms - are available in each area for this purpose. (order 
as stock item WGA 6439) 

2.0 Definition 

An adverse incident is any unexpected or unplanned incident that has a short or 
long term detrimental effect on patients, staff or others, which results in material 
loss or damage, loss of opportunity or damage to reputation. This definition 
includes 'near miss' reporting. 

3.0 Procedure for Reporting an Adverse Incident 

3.1 Secure the location and ensure that further immediate harm is prevented. 
Where first aid is required this should be instituted, referral to A&E or 
Occupational Health should be considered. Inform line manager. 

3.2 A list of non-clinical incidents which must be reported to the Health & Safety 
Executive (N .I.) is attached in appendix I. Also attached is a list of clinical 
and other incidents which should be reported. This list is not comprehensive 
but should give an indication of what should be reported. 

3.3 Where problems arise outside the Line Managers competence he/she should 
contact Mr John Orchin, Health & Safety Manager/Mrs June Champion, 
Clinical Risk Manager exts: 3928/2371 or the Communication Centre. 

3.4 Legibly document all the information in black pen or ink on the incident report 
(IR I form). As these forms are three part carbonated forms, ensure that 
addressograph labels, if used, are applied to each form, otherwise print firmly 
using a separation board between each set of forms. 

3.5 Document fact only, not opinion. It is important to complete all parts of the 
form. State N/ A (not applicable) where it is appropriate to do so. 

3.6 For patient related incidents, make a comprehensive entry covering relevant 
clinical details in the patient's medical record. The IR I form should not be 
filed in the medical record. 

3.7 For staff incidents, make an entry in the yellow accident book (BI 510) to 
cover requirements for industrial injuries benefit as required by the Social 
Security Act (NI) 1967. 

F!Procedure/AdvEv/Mar2000N5 



INQ-RF Preliminary WS-292/2  Page 48

3.8 In the event of a sharps injury follow the procedure in the Trust Policy 
Manual - 'Exposure to Body Fluids - Policy for Management of 
(including Sharps injuries) TP8/98'. 

4.0 Grade the incident 

4.1 The IR I report form requires you to grade each incident as to severity. These 
grades are outlined as follows: 

Severity Can be defined as: 
Major • life threatening 

• long-term significance to person 
• outcome could have serious consequences 

Moderate • serious morbidity 

• intermediate with some significance to person 
• significant disruption in time, service 

Minor • self limiting 

• minimal interruption of activities 
• short term 

Insignificant • probable risk in time 
• no interruption 

Near miss • no adverse outcome but riskpotential evident 

5.0 Forward the report: 

5 .I Once the IR I form is complete, you will need to send it on for review and 
action if required. The diagram below outlines the procedure to follow: 

Top 
copy 
(white) 

lV!iddle 
(green) 

0 IS T R k Management, Risk & Occupational Health 
Directorate 

f--+ 

-Bottom 
(blue) 

To other support service (Pharmacy, 
Estates, ward, etc.) if both involved in 
event - within 48 hours 

To be retained by ward/dept. for audit 
purposed at least quarterly 

5.1.1 The middle (green) copy is used as a mechanism for two services to 
resolve a particular incident, e.g.: 

• a drug dispensing error is picked up on the ward and an IR I form 
would be completed, the top copy (white) is sent to Risk Management, 
the middle copy (green) should go to pharmacy to notify that an error 
was made and bottom copy (blue) retained by the ward/dept. 
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• following a staff tripping incident on a damaged floor the middle 
(green) copy should go to the Estates Department. 

5.1.2 If the green copy does not need to be forwarded to another service, 
then send it with the white copy to Risk Management who will hold it 
with the original top copy. 

5.2 Further advice can be obtained from the Health & Safety Manager or Clinical 
Risk Manager on ext: 3928 I 2371. Out of hours further advice can be 
obtained from the line manager or the Bed Management Co-ordinator. 

6.0 What happens after an incident is reported? 

6.1 Initially there should be discussions within the Directorate, normally by the 
departmental manager, about the incident and any follow-ups that should be 
undertaken by staff themselves. 

6.2 If another support service was involved or needs to be involved in the incident 
follow up, the second (green) copy will initiate a response by the manager of 
that service. This is particularly true for the following: 

• radiation (Medical Physics will lead on investigations for radiation) 
• microbiological exposure (e.g. Hepatitis B) 
• medication errors 
• facilities and environmental issues (i.e. building maintenance, clinical 

waste, non-medical clinical equipment) 

6.3 The top copy will be received by the Risk Management, Risk & Occupational 
Health Directorate, and an acknowledgement of receipt for major/moderate 
incidents sent. This will identify when the IR I form was received, who is 
dealing with it and indication of follow up by Risk Management. If the 
second (green) copy was sent to another service and was indicated on the form 
itself (see 'action' section on form), then Risk Management may seek further 
information from that Department on the event as part of the overall follow 
ups. 

6.1.1 In the event of verbal notification, the Risk Management staff will take 
basic details from you and ask that the top copy be sent and if 
appropriate, advise that the second copy (green) be sent to others who 
may need to be involved in follow ups. 

6.1.2 You may also be advised to provide supporting statements about the 
incident especially if it is serious, i.e. if a report to the Coroner or the 
Health & Safety Executive is required, or lastly, if there is a view by 
staff that a complaint or litigation may ensue, then the Litigation 
Management will require statements. 
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6.2 Incidents requiring notification to government organisations 
(i.e. Health and Safety Executive, Environmental Health, RUC and Coroner 
will be co-ordinated by Risk Management/Litigation Management. 

• Exceptions for others to notify government organisations: Radiation 

Notification will be undertaken by the Trust Radiation Protection Adviser 
based in Medical Physics who will oversee any investigation from then on and 
report to the appropriate government organisation. 

• Exceptions for others to notify government organisations: Medicines 

The Pharmacy Department will undertake investigations and notification to 
the Department of Health. Where involvement of Medical Physics is also 
required, Pharmacy and the Radiation Protection Adviser will liaise. 

6.3 Risk Management will follow up on specific reported incidents. This may 
involve liaising with other Directorates, researching other types of incidents, 
developing guidelines and/or notification to Directors of potential risks, 
options for risk reduction and required resources. 

6.4 Each incident is categorised by the Risk Management into person category 
(e.g. patient, staff), type and cause of incident, any contributory factors and 
severity of the incident. 

6.5 The information is entered into a managed database system registered under 
the Data Protection Act. Each entry is made using a unique identifier number. 
Information is reviewed to determine trends or patterns within the Trust and to 
initiate research or project work which would help to further identity and 
reduce risks. An example of this would be reviewing manual handling injuries 
to severity and locations to assist in developing strategies with line managers 
to reduce risks. 

6.6 Statistical information will routinely be made available to the Risk 
Management Steering Group, Trust Health & Safety Committee, Directorate 
Risk Management Group. This information is anonymous and confidential. 

6.7 The Risk Management Steering Group may choose through this review to 
establish a task group to assess and evaluate risks identified through incident 
reports as part of the Trust strategy for risk management. 

7.0 Procedure for managing major/moderate incidents. 

7.1 Events graded major or moderate require further immediate action. These 
may be serious incidents, but generally will not require activation of the 
Trust's disaster plans. 
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8.0 Guidelines for dealing with major/moderate incidents 

8: I Follow the Trust procedure for incident reporting. The Directorate 
Management Team will take action immediately to prevent any further 
harm/potential harm to patients, staff or others if required. This may involve 
shutting down equipment, suspending treatments or operations, withdrawing 
facilities. 

NOTE: Out of normal office hours i.e. between 5.00 p.m. & 8.00 a.m. 
weekdays and 24 hours at weekends and public holidays the 
following procedure should be followed. 

8.2 Contact the Bed Manager immediately by telephone, stating the urgency of the 
situation. The Bed Manager will then contact the Risk Management Team 
(Health & Safety Manager/Clinical Risk Manager, as per rota). He/she will 
also notify the Clinical Director/Director, the Medical Director and the 
Director of Nursing and Patient Services. The Risk Management Team will 
notify Occupational Health and all external bodies such as the Health & Safety 
Executive, R.U.C. etc. 

8.3 The Bed Manager will mobilise communications support through the 
Directorate of Corporate Affairs, they will base the initial response on a verbal 
report. Under no circumstances should employees talk directly to the media. 
All enquiries should be referred to Corporate Affairs. 

8.4 The Bed Manager will identify the group/s of people likely to be involved, 
gather supporting information listed below. This will need to be given to the 
Risk Management Team once complete, 

8.5 
• Witness statements. 
• Documents which may relate to the incident (e.g. batch numbers), 
• Name of medical staff involved including named consultant. 
• Treatment/technique used. 
• Type of equipment/machinery involved. 
• Clinical diagnosis. 
• Indications of support including counselling for patients and staff. 
• Additional staffing requirements necessary to maintain the service. 

8.5 Depending on the nature of the incident and the type of patient/staff involved, 
full consideration should also be given as to whether it would be helpful for 
the clinical team to inform the patient's relatives of the incident at the same 
time. This will be decided by the Clinical Director in consultation with the 
staff involved and decide on the most appropriate method for informing them. 

8.6 The Risk Management Team must consider the need for staff support and 
critical incident debriefing. The Occupational Health Adviser on call should 
be notified of the incident early in order that appropriate critical debriefing of 
staff can be planned. 
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8.7 Press statements should be released through the Corporate Affairs Directorate 
in conjunction with Trust Policy, i.e. Media Information about Patients and 
Confidentiality Policy. Patients must be notified before any press statement is 
released. 

8.8 If major media attention is involved, the Directorate of Corporate Affairs will 
make arrangement to accommodate them away from patient areas and will be 
the liaison with them. 

8.9 The Risk Management Team will co-ordinate investigation, monitoring and 
evaluation of the incident providing a written report to Directors on process, 
outcome and recommendations for change if required. 

8.10 The Risk Management Team will liaise with the Legal Services Directorate 
notifying the Associate Medical Director and named Director for actions. 
They will also liaise with staff involved, supported by the Risk Management 
Service, to gather relevant information. All records, materials, documents and 
equipment related to the incident are to be retained for an indefinite period. 

8.11 For patient incidents it is advisable to inform the patient's GP as soon as 
possible by telephone or by fax. The Clinical Director of the service involved 
will contact the GP and give the following information: 

• The nature of the incident. 
• The patients involved. 
• How contact is being made. 
• Written confirmation of actions. 

If there has been a time interval between the incident and its discovery, the surgery should be 
contacted first to ensure that the patient is still alive and their current address. It is 
imperative that GPs are kept informed and up-to-date, particularly, where their 
patient's welfare has been adversely affected. 

9.0 Monitoring and Evaluation 

This will form part of Directorate audit activities 

10.0 Version Control 

Version 5 
Mr John Orchin and Mrs June Champion for Risk & Occupational Health Directorate 
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Appendix I 

Non-clinical Adverse Incidents which must be reported 

Health and safety incidents involving staff, patients and visitors must be reported to Risk 
Management within 5 working days for legal purposes 

• physical assault resulting in injury 
• exposure to body fluids, chemicals, cytotoxics or other potentially harmful substance 
• any injury where a person at work is off for more than three (3) days after the incident 
• any injury to a person NOT at work, but which results from an incident arising out of or 

in connection with work and results in them being taken to hospital for treatment 
• any injury to a person who is NOT at work on hospital premises as a result of an incident 

if it falls into any of the categories listed below 
• fracture of any bone other than fingers, thumbs or toes 
• dislocation of shoulder, hip, knee or spine 
• any amputation 
• loss of sight of an eye (whether temporary or permanent); a penetrating injury to the eye, 

or a chemical or hot metal burn to the eye 
• any injury resulting from electric shock or electrical burn leading to unconsciousness or 

needing admission to hospital for more than 24 hours 
• any other injury requiring resuscitation or admission to hospital for more than 24 hours, 

or leading to hypothermia, heat induced illness or unconsciousness 
• loss of consciousness caused by asphyxia or by exposure to a harmful substance or 

biological agent 
• acute illness requiring treatment or causing loss of consciousness caused by breathing in 

or swallowing any substance or absorbing it through the skin 
• acute illness needing medical treatment where there is reason to believe it resulted from 

exposure to a pathogen or infected material 
• dangerous occurrences related to lifting machinery, electric short circuit, explosion, fire, 

collapse of a building/structure, escape of a pathogen or substance (e.g. mercury) and 
other similar incidents. 

Radiation 

For Radiation incidents, contact the Radiation Protection Adviser (RPA) via Medical Physics, 
tel: 028 90793681 ext; 2383 or the switchboard immediately. An incident form will need to 
be completed as per guidelines. Any further advice as to procedure will be given by the 
RPA. 

• any radiation incident involving staff or patients. 
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Procedure 

Clinically Related Adverse Incidents 
which should be reported 

• Thrombosis including deep vein thrombosis as a result of treatment/procedure 
• Exposure including overexposure or over-treatment with radiation • see list of Non-

clinical incidents 
• Stroke/CV A as a result of treatment/procedure 
• Cardiac arrest as a result of treatment/procedure 
• Unexpected death as a result of treatment/procedure 
• Unexpected wound infection as a result of treatment 
• Damage to adjacent tissues, organs, etc. 
• Consent not obtained prior to treatment 
• Extravasation of cytotoxics and other potential harmful medications 
• Missing items of equipment and/or items after invasive procedure 
• Miscount of equipment and/or items which may have an effect on patient 
• Sepsis as a result of treatment/procedures 
• Use of unsterile equipment in situations where sterile equipment is required 
• Operating or undertaking a procedure on wrong body part or area 

Equipment 

• Equipment failure or misuse 
• A fault or failure of equipment 

Drug 

• Unexpected and/or serious side effects of medications including antidotes 
• Errors in dispensing, prescribing and/or administration of medication, for example when: 

1 an antidote had to be, or needs to be given to reverse the effects of drugs given by a 
doctor or nurse or self administered by a patient excluding overdoses taken in the 
community 

2 an incorrect drug has been administered 
3 more than the dose prescribed of an IV drug has been given or where adverse clinical 

effects have occurred due to improper administration by excessive rate of infusion 
4 during administration of an IV, an incompatibility becomes apparent 
5 these are errors involving drugs given by intrathecal and epidural routes 
6 omissions of doses that may lead to serious clinical consequence. 

• Any out of date products such as IV products prepared by Pharmacy, oral and parenteral 
chemotherapy products or otherwise which have been administered or could have been 
administered. 
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Other 

• Perforation of any tissue, organ, etc. not as part of a procedure 
• Any incident which may lead to serious clinical or non-clinical consequences 

/outcomes 

• Any fracture sustained by a patient not associated with a pathological condition 
• Unexpected damage to arteries, vessels and/or nerves 
• Excessive bleeding and/or haemorrhage requiring transfusion 
• Pressure sores 
• Unexpected return to theatre 
• Unqualified staff performing treatment/procedures 
• Service delays 
• Confidentiality issues 
• Incidents which may affect patient care management (staffing levels, skills mix) 
• Mislabelled specimens 
• Wrong results given out 
• Where a complaint or claim may arise from treatment or actions 
• ANY OTHER CATEGORY WHICH GIVES CAUSE FOR CONCERN 

Organisational/Business Risks 

Information Technology 

• the disclosure of confidential information to any unauthorised individual 
• the integrity of the system or data being put at risk 
• the availability of the system or information being put at risk 
• an adverse impact, for examples: 

embarrassment to the NHS 
threat to personal safety or privacy 
legal obligations or penalty 
financial loss 
disruption of activities 

• denial of access to data 
• destruction of data or equipment 
• unauthorised modification of data 

Business associated risks 

• security incidents (theft, breach of confidentiality, threats, etc) 
• damage to property, personal or Trust belongings 
• service issues (delays, unavailable, inappropriate, inadequate) 
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Medical Director General Manager, 
Clinical/Non-Clinical Director 

Chief Executive 

R.U.C. 
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FLOWCHART 
FOR 

Major/Moderate Adverse Incidents 

Department Manager/Ward Manager 

Directorate Manager 

Bed Management Co-ordinator 
(between 5.00 p.m. & 8.00 a.m.) 
(24 hours at w/e & P.H.) 

Risk Management Team Corporate Affairs Directorate of Nursing & 
Patient Services (Health & Safety Manager/ 

Clinical Risk Manager) 

H.S.E.N.I. Occupational Health 
(critical event debriefing 
and staff support) 

Health Board 
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Appendix 5 

Patient' name Patient's Patient's GP Check pts Date & time & Contacted Response to Noted in GP informed 
and address Hospital no. Circs (4) method of contact by contact record (4) of contact ( 4) 
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Business Services 
Organisation 

ur Ref: 
~~~,-,--,~tvp B04/04 

Ms A Dillon 
Solicitor to the Inquiry 
Arthur House 
41 Arthur Street 
Belfast 
BT14GB 

Dear Madam, 

i rectorate of ~>,ega I Services 

2 Franklin Street, Belfast, BT2 8DQ 
DX 2842 NR Belfast 3 

Date: 
ath May 2013 

RE: INQUIRY INTO HYPONATRAEMIA RELATED DEATHS- RAYCHEL FERGUSON 
PRELIMINARY 

I refer to the above and in particular to Dr Crean's witness statement WS292/2. 

Please note that, in addition to the papers referred to therein, Dr Crean will also be referring to 
a letter from Simon J. Ellis in the BMJ entitled "Management of Hyponatraemia: Differentiate 
between acute and chronic", which relates to an earlier article in that journal by Arieff AI. 
(Management of Hyponatraemia. BMJ 1993;307:305-8), and the response to that letter by 
Alan I. Arieff. 

I enclose a copy of BMJ 1993;307:736 (18 September) for your attention. 

Yours faithfully, 

Joanna Bolton 
Solicitor Consultant 

r-..\ 
~ fj 
~~.P 

INVESTOR IN PEOPLE INQ-RF Preliminary WS-292/2  Page 59



95% Confidence interval of results 
400 

300 

~ ·:; 

~ 
.~ 200 ., 
Cll 
7i. 

] 
100 

ll= 0.5 

0+-~r-~--~--r-~--.--. 
0 200 400 600 BOO 1000 1200 1400 

Total No In study group 

Graph used to calculare sample size 

the asthmatic patients would need to be sampled, 
at random. 

The chart may seem counterintuitive in that the 
sample required to estimate 'JTaO·l is smaller than 
that required to estimate 1T•0·5 and yet one would 
expect a larger sample to be needed to estimate 
a smaller proportion. This arises because the 
variance of an estimated proportion is largest at 
1T•0·5. The width of the confidence interval, 
however, is fixed at 0·05, and so if 1T•0·1 the 
allowable error is 50% of the estimate whereas if 
1T-0·5 the allowable error is only I 0% of the 
estimate. The formula given by Machin and 
Campbell should be used for confidence intervals 
with other widths.' 

This formula should not be used to test hypo­
theses. For example, to test the hypothesis that 
50% of asthmatic patients had had their peak 
flow recorded in the past year one would use 
conventional tables, as described by Daly, in 
which the concept of the power of the test is also 
involved.' 

Department of Medica) Statistics and Computing, 
University of Southampton, 
Southampton General Hospital, 
Southampton S09 4XY 

MJCAMPBEU. 

I Peters L. Audit in primary medical care paediatrics. BMJ 
1993;307:51-3. (3July.) 

2 Machin D, CampbeU MJ. Statistiwl tabla for the <kngn of din/cal 
trials. Oxford: Blackwell Scientific, 1987. 

3 Daly LB. Confidence intervals and sample size~: don't throw out 
aU your old sample size tables. BMJ 1991;302:333-6. 

Management ofhyponatraemia 

Differentiate between acute and chronic 

EorroR,-Allen I Arieff is correct to draw atten­
tion to the dangers of hypotonic fluids in the 
postoperative period.' He is incorrect, however, to 
state that neither the magnitude nor the rate of fall 
in serum sodium concentration is important in the 
genesis of brain damage. In his own series of 15 
women who died or had permanent brain injury all 
had profound hyponatraemia and had been made 
acutely hyponatraemic.' Conversely, chronic 
severe hyponatraemia may be asymptomatic and 
minor perturbations of sodium do not cause 
damage. 

Of most concern is Arieff's advocacy of hyper­
tonic saline with loop diuretics for correcting 
hyponatraemia by up to 25 mmolll in the first 24 
hours. Sodium chloride is not innocuous, and 
correction of chronic hyponatraemia at a rate 
greater than I 0 mmoW24 h risks long term 
neurological complications.' In addition, it is 

736 

misleading to suggest that calculations of sodium 
deficit can be used to control the rate of correction 
accurately. Even in Arieff's own hands the rate of 
correction varied widely. • Rehydration with 
isotonic saline has resulted in rapid correction 
producing central pontine myelinolysis.' Even 
spontaneous correction can be rapid. Few authors 
would agree with Arieff that central pontine 
myelinolysis has nothing to do with hyponatraemia 
in most cases. In the 406 cases of central pontine 
myelinolysis that I identified in the literature 
severe hyponatraemia (.;; 120 mmolll) had 
occurred in 179, moderate hyponatraemia in 69, 
normonatraemia in 12, and hypematraemia in 
24; the natraemic state was not recorded in the 
remaining 122. 

Arieff fails to differentiate between acute and 
chronic cases in his treatment regimen or to 
address the underlying causes of the hypo­
natraemia. The opinion that "the rate of correction 
is not a factor in the genesis of hyponatraemic brain 
injury" is a minority view. 

Department of Clinical Neurology, 
Radcliffe lnftrm.acy, 
Oxford OX2 6HE 

S!MONJELLIS 

I Arieff AI. Management ofhyponattaentia, BMJ 1993;307:305-6. 
(31 July.) 

2 Arieff AI. Hyponatremia convulsions, respiratory arrest and 
permanent brain damage after elective surgery in healthy 
women. N EnglJ Med 1986;314:1529-35. 

3 Ellis SJ, The neurological complications of hyponamentia 
[absiillct). Neurology 1993;43:A271. 

4 Ayus JC, Krothapalli RK, Arieff AI. Treatment of symptomatic 
hyponatremia and its relation to brain damage: a prospective 
study. N Eng!] Med 1987;317:1190-5. 

5 Lundhom N, Laurila 0, Laurila S. Central pontine myelinolysis 
after correction of chronic hyponalnlentia. Lanut 1993;342: 
247-8. 

Author's reply 

EorroR,-Simon J Ellis's concerns seem largely to 
reflect anecdotally generated opinions rather 
than documented information. For example, data 
showing that either the magnitude or the rate of 
development of hyponatraemia correlates with 
brain damage do not exist. On the contrary, a 
recent prospective study of 739 patients who were 
hyponatraemic postoperatively clearly shows that 
neither factor has any relation to brain damage.' 

Ellis expresses concern that treatment with 
hypertonic saline "risks long term neurological 
complications." Although earlier anecdotal reports 
speculated on this possibility, confounding vari­
ables, such as alcoholism and hypoxic brain 
damage, were not considered. Data are available 
on 164 consecutive hyponatraemic patients studied 
prospectively worldwide, in whom confounding 
variables were not present.' Rates of correction 
ranged up to 20 mmol/1/h. No patient suffered any 
neurological complication, which shows that the 
rate of correction is not a factor in the occurrence of 
brain damage.' 

The contention that serum sodium deficit 
cannot be accurately controlled during correction 
of hyponatraemia is unsupported by any data. In 
over 200 consecutively treated patients the change 
in serum sodium concentration was essentially 
identical with that predicted from the suggested 
calculations,' and worldwide reports from virtually 
all other investigators over 40 years yield identical 
results.' 

Ellis then suggests that treatment of hypo­
natraemia with hypertonic saline may cause central 
pontine myelinolysis. A few such anecdotal reports 
exist. Retrospective review of hyponatraernic 
patients diagnosed as having central pontine 
myelinolysis shows, however, that the diagnosis 
was incorrect about 85% of the time, while among 
patients with central pontine myelinolysis other 
conditions koown to be associated with cerebral 
demyelination were present.' Central pontine 
myelinolysis has never occurred in any prospective 

trial of the treatment of hyponatraemia.' It is 
associated not with hyponatraemia but with other 
major medical illness, such as cirrhosis, alcoholism, 
cachexia, and bums.' 

Ellis's belief that my statement that "the rate of 
correction [of hyponatraemia] is not a factor in 
the genesis of hyponatraemic brain injury" is a 
minority view is erroneous. In fact, when only 
controlled studies rather than anecdotal data are 
considered it is a unanimous view. All prospective 
studies have found no relation between the rate of 
correction of hyponatraernia and brain injury.' 
Ellis cites an unreviewed abstract in support of his 
undocumented claims.' The statistical test he 
used, however, is invalid for the available sample 
size, negating the conclusions.' Given that Ellis's 
overall mortality of 31% (26 of 84 patients died) is 
the highest ever reported worldwide,' I urge him to 
re-evaluate his nihilistic approach to the treatment 
ofhyponatraemia. 

Geriatrics Research, 
Veterans Affairs Medical Center, 
San Francisco, 
CA 94121, USA 

ALLEN I ARIEFF 

1 Ayus JC, Wheeler JM, Arieff AI. Postoperative hyponatremic 
encephalopathy in menstruant women. Ann lmtrn Med 1992; 
117:891-7. 

2 Ayus JC, Arieff AI. Pathogenesis and prevention of hypo­
nattentic encephalopathy. Endo<rinol Metab Clin North Am 
1993;22:425-46. 

3 Arieff AI. Management of hyponamentia, BMJ I 993;307:305-6. 
(31 July.) 

4 Tien R, Arieff Al, Kucharczyk W, Wasik A, Kucharczyk J, 
Hyponat:remic encephalopathy: is central pontine myelinolysis 
a component? Am] Med 1992;92:513-22. 

5 Ellis SJ. The neurological complications of severe hyponatremia 
[absmct].Neuro/ogy 1993;43:A271. 

Generalised seizure due to 
terfenadine 

EorroR,-We recently reported on a 27 year old 
man who suffered his first tonic-clonic seizure 
while taking the antihistamine terfenadine.' In the 
absence of any other relevant precipitants or 
history, and in view of the temporal coincidence, 
we proposed a causal relation between the drug and 
the seizure. Twelve months later he has now had a 
second unprovoked seizure, which was not related 
to any drug use. It is therefore likely that he has 
primary generalised tonic-clonic epilepsy; terCena­
dine may not have been the cause of his original 
seizure. 

This case illustrates the importance of long term 
follow up in the assessment of possible adverse 
drug reactions. 

Pinderfieids G<neral Hospital, 
Wakefield, 
WestYorkshireWF14DG 

PHIUP TIDSWEU. 

ANNE Eo' ASSIS-FONSECA 

1 Tidswell P, d'Assis-Fonseca A. Generalised seizure due to 
terfenadine. BM] 1993;307:241. (24July.) 

Unexpected cardiac 
abnormalities in Lyme disease 

EorroR,-Evidence is growing that cardiac abnor­
malities may occur as a late complication of infec­
tion with Borrelia burgdoiferi (Lyme disease)." We 
carried out detailed cardiac investigations on a 
series of patients with Lyme disease after a man 
developed reversible complete atrioventricular 
block and aortic valve regurgitation four and a half 
years after his initial, untreated illness. 

We studied eight outpatients at the infectious 
diseases unit at Ruchill Hospital. The diagnosis of 
Lyme disease was based on clinical features of 
disseminated Lyme disease; a positive result of an 

BMJ VOLUME 307 18 SEPTEMBER 1993 
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