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Outline



Step 1

Analysis
分析臨床場景(Clinical Scenario)



 Patient profile:

- Age:  7-month-old                - Gender:  Female

 Medical history: 

 - The girl is a patient of acute myeloblastic leukemia, received 
chemotherapy under TPOG AML protocal since 1 month ago.

 - This time, the patient was admitted due to neutropenic 
fever.

 - During the 1st week of admission, vital sign was stable 
under antibiotic treatment. 

Clinical Scenario



 -However, on the 8th day of admission, poor activity and 
appetite were noted. Frequent vomiting was found even 
under emetics.

 - At midnight, conscious level revealed drowsy. Heart rate 
decreased to 120 beats per minutes. Blood pressure 
elevated up to  130/100mmHg. Sunset eye and tense 
fontanel were observed. 

 - Emergent CT was arranged.



 Under the impression of hydrocephalus with increased 
intracranial pressure, neurosurgeon was consulted for VP 
shunt insertion. 

 Before the operation, osmotherapy with mannital was 
arranged. However, even under the maximum dose of 
mannital, bradycardia was still found. Mild dilatation of bilateral 

pupil was also noticed.



Step 2

Asking
提出background questions及foreground 

questions



 intracranial contents (by volume) 
 Brain parenchyma – 80 percent 
 Cerebrospinal fluid (CSF) – 10 percent 
 Blood – 10 percent

 normal ICP ≤15 mmHg in adults 
 lower in children and newborns  
 ICP ≥20 mmHg is pathologic

Background



Background

 Intracranial hypertension 
 Elevated intracranial pressure (ICP) is a potentially 

devastating complication of neurologic injury. 
 Elevated ICP may complicate trauma, central 

nervous system (CNS) tumors,hydrocephalus, 
hepatic encephalopathy, and impaired CNS venous 
outflow. 



 CBF =  (CAP - JVP) ÷ CVR
 Cerebral blood flow (CBF) 
 Carotid arterial pressure (CAP) 
 Jugular venous pressure (JVP)
 Cerebrovascular resistance (CVR)

 CPP = MAP - ICP
 Cerebral perfusion pressure (CPP)

 adults: 50 to 70 mmHg 
 Children: 50 to 60 mmHg 

 Arterial pressure (MAP)
 Intracranial pressure (ICP)



 How to treat intracranial hypertension ?
 Mannitol
 Hypertonic saline
 Hyperventilation
 CSF drainage
 Barbiturates coma
 Corticosteroid

Background question



 Q: Is hypertonic saline more effective 
than mannital for intracranial pressure 
(ICP) control in pediatric patient ?

Foreground question by PICO 

P pediatric patient with intracranial hypertension

I Hypertonic saline

C mannitol

O Reducing intracranial pressure



Step 3

Acquire
搜尋資料：包括keywords and search 

strategy



Copyright ©2006 BMJ Publishing Group Ltd.

Brian Haynes, R Evid Based Med 2006;11:162-164

UpToDate

ACP journal 
club

Cochrane 
Library

PubMed

Search strategy: 5S model



 Database: UpToDate

 Keyword: 
Elevated intracranial pressure in children

Summary



 Article

Summary



 How to treat Intracranial hypertension ?
 Mannitol
 Hypertonic saline
 Hyperventilation
 CSF drainage
 Barbiturates coma
 Corticosteroid



 Mannitol
 Increasing the osmotic gradient between plasma and 

parenchymal tissue, resulting in a net reduction in 
brain water content.

 Decrease ICP and Improve CPP 
 Potential side effects

 Hyperosmolarity
 hypovolemia 
 electrolyte imbalance
 acute renal failure
 may cross the injured BBB at the site of the cerebral lesion and 

cause an exacerbation of cerebral edema.

Summary



 Hypertonic saline
 Establishing an osmotic gradient that reduces brain water content.
 Benefits:

 does not cause profound osmotic diuresis
 the risk of hypovolemia as a complication is decreased 
 Restoration of normal cellular resting membrane potential and cell volume 
 inhibition of inflammation
 enhancement of cardiac output 

 Complications:
 Rebound increased ICP
 renal insufficiency is associated with serum osmolality >320 mOsm/L
 Hyperosmolality?
 osmotic demyelination syndrome (central pontine myelinolysis)?
 heart failure?

 The optimal dose and form of administration have not been identified.



 Database: ACP Journal Club
 Keyword: hypertonic saline or mannitol for 

increased Intracranial pressure in children 

Synopses



 Database: The Cochrane Library
 Keyword: hypertonic saline and raised intracranial 

pressure and mannitol

Syntheses



Syntheses



Syntheses

Main results
We identified four eligible randomised controlled trials.
One trial compared ICP-directed therapy to ’standard care’                      

(RR for death =0.83; 95% CI 0.47 to 1.46).
One trial compared mannitol to pentobarbital 

(RR for death = 0.85; 95% CI 0.52 to 1.38).
One trial compared mannitol to hypertonic saline 

(RR for death = 1.25; 95% CI 0.47 to 3.33). 
One trial tested the effectiveness of pre-hospital administration of mannitol against    
placebo.       (RR for death = 1.75; 95% CI 0.48 to 6.38).
Conclusions

Mannitol therapy for raised ICP may have a beneficial effect on mortality when 
compared to pentobarbital treatment, but may have a detrimental effect on 
mortality when compared to hypertonic saline. ICP-directed treatment shows a 
small beneficial effect compared to treatment directed by neurological signs and 
physiological indicators. There are insufficient data on the effectiveness of pre-
hospital administration of mannitol.



 Database: PubMed
 Keyword:

"intracranial hypertension" AND mannitol 
AND "hypertonic saline” AND treatment

 Filters activated: English Abstract, Clinical Trial, 
Meta-Analysis, Review, Full text available, 
published in the last 5 years, Humans, (Child: 
birth-18 years=0) 

 Result: 14 articles

Studies



No 
children



Studies



Level of evidance



 In 1988 Worthley et al. first reported the use 
of HTS to reduce ICP in 2 patients who were 
unresponsive to mannitol. 

 Since then, more recent studies have 
suggested that HTS is possibly more effective 
than mannitol for the reduction of ICP. 

 Also, the side effect profile of HTS appears to 
be more favorable than that of mannitol.

Background



 Hypertonic saline improves mean arterial pressure 
and increases circulating blood volume without the 
delayed hypotensive effect observed with mannitol 
use. 

 Unfortunately, appropriate guidelines for the use of 
HTS have not been developed; indications for use, 
dosing, and timing of use still vary widely among 
institutions. 

 Therefore, the present review was undertaken for a 
better understanding of the efficacy of these 2 
treatments of raised ICP.

Background



Method



Result



 Data Extraction
 Its design, objective, number of patients, 

concentration of HTS used, method of delivery, 
timing of measurements, main results of the study, 
and follow-up results. 

 The outcomes assessed included ICP, CBF, brain 
tissue oxygen, brain water content, and GOS 
score. 



Meta-Analysis Method

 Homogeneity-based method of meta-analysis 
 Review Manager for Windows (version 5, Cochrane 

Collaboration and Update Software) for prospective RCTs. 
 Homogeneity between studies 

 the standard Cochran Q statistic and I2 statistic.
 Fixed-effect model 

 merge odds ratio values 
 estimate the overall effect size.

 Overall effect, odds ratio, and confidence interval 
were presented.



Result



 9 of the 12 comparisons between HTS and mannitol, including 7 RCTs, 
suggested that HTS provides superior control of ICP over mannitol. 
 A greater reduction in ICP after addition of HTS than after mannitol in the 

minutes to hours after fluid administration was found in 6 trials. 
 Outcomes were not consistent among trials. 

 In 1 RCT consisting of 34 patients, better 1-year GOS scores were seen in the 
HTS group. 

 Better outcomes were also seen in a retrospective study consisting of 67 
patients. The HTS group had a lower mortality rate and shorter duration of 
comatose state than patients who received mannitol.

 However, another RCT consisting of 20 patients did not demonstrate any 
difference in mortality rate or 90-day neurological outcome between the HTS 
group and the mannitol group, despite showing a better ICP control with HTS.

 Changes in mean arterial pressure varied between studies after both mannitol 
and HTS; however, no significant risk of hypotension was seen in any study 
after either mannitol or HTS.





 Two RCTs demonstrated better ICP control with 
HTS than control fluid (LR or NS) in trauma patients. 

 Only 1 trial compared HTS and mannitol. 
 There was no ICP monitoring in that study
 The cohort receiving HTS demonstrated a lower mortality 

and duration of comatose state.
 All 5 pediatric studies supported the use of HTS for 

reduction of ICP.
 Only 1 retrospective study demonstrated a better 

outcome in terms of the mortality rate in patients 
treated with HTS.



 Majority of the studies showed a more favorable short-term ICP outcome 
for HTS, no matter what the concentration or administration mode (bolus 
or continuous drip). 

 There has been no report of a serious adverse effect of HTS, which is not 
surprising because it is given in closely monitored intensive care 
environments, and hence too quick a rise of Na will be corrected almost 
immediately. 

 HTS appears to have a favorable outcome in all types of intracranial 
hypertension, no matter the origin. 

 There is no consensus on the most optimal concentration, because all 
concentrations appear to have favorable effects on ICP. 

Conclusions



 Multiple studies, including RCTs, show 
superior effectiveness of HTS compared with 
mannitol in decreasing ICP. 

 However, there is not a clear benefit 
compared with mannitol in regard to 
neurological outcome, even though there is a 
minor positive trend for HTS.

 Furthermore, HTS does not cause the 
hypotension seen when mannitol is used.

Conclusions



 Any future studies, no matter what the mode of 
infusion, whether continuous drip or bolus, should 
monitor serum Na. 

 Studies looking into the rebound risk of HTS alone 
and in comparison with mannitol are also lacking. 



Step 4

Appraisal
評讀文獻



評讀文獻的工具
NHS(National Health Service) CASP tools 

Appraisal



 Are the results of the review valid?
 Screening Questions

Appraisal

1. Did the review address a clearly focused 
question? Yes  Can’t tell □ No □

2. Did the authors look for the appropriate sort 

of papers?
Yes  Can’t tell □ No □



 Are the results of the review valid?
 Detailed Questions

Appraisal

3.Do you think the important, relevant studies 
were included? Yes  Can’t tell □ No □

4. Did the review’s authors do enough to assess 
the quality of the included studies? 

Yes □ Can’t tell  No □

5. If the results of the review have been 

combined, was it reasonable to do so?
Yes  Can’t tell □ No □



 What are the results?

Appraisal

6. What are the overall result of the reviews?

- bottom line results:
superior effectiveness of HTS compared with mannitol in 
decreasing ICP.
7. How precise are the results? 



 Will the results help locally?

Appraisal

8. Can the results be applied to the local 
population? 

Yes □ Can’t tell  No □

9. Were all important outcomes considered?
Yes  Can’t tell □ No □

11. Are the benefits worth the harms and 
costs? Yes  Can’t tell □ No □



Step 5

Apply
結合醫學倫理方法

將study的結果應用在病人身上



Apply

醫療現況 病人意願
目前病人因為水腦情形導致
腦壓升高，使用高劑量的
mannitol後，IICP的臨床症狀
並未改善並且有持續惡化的
情形。

跟病人家屬討論過目前的情
形，建議可使用hypertonic 
saline做進一步治療，並等待
外科手術。

生活品質 社會經濟脈絡

依照目前查詢的文獻顯示，
hypertonic saline比mannitol在
控制腦壓有更好的療效，並
有較少的副作用。

Hypertonic saline比起mannitol並
沒有比較貴，所需要耗費的醫
療資源成本也無顯著差異。
Mannitol 健保/自費121/139
NaCl 3% 健保/自費21/24 



 跟病人家屬討論過後，我們開始使用3%NaCl
控制腦壓…

 病人臨床上IICP sign無繼續惡化，開刀後水腦
情形也有改善…

Apply



Step 6

Audit 
自我評估



提出臨床問題
搜尋最佳證據
嚴格評讀文獻
應用到病人身上
改變醫療行為

Audit



 Thanks for your listening!
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