
ABSTRACT

17

68

High cerebrospinal fluid pressure measured at first lumbar 
puncture and mortality in acute infectious encephalitis

Accepted: Jun 2020

Latest revision: Sep 2020 

Printed: Sep 2020


Correspondence to: Pharanyu Jaroenwanit;  

p.jaroenwanit@gmail.com

OBJECTIVE 

To identify the association between increased intracranial pressure and mortality in patients with acute 
encephalitis. 

METHODS

We conducted a retrospective cohort study using the database from Khon Kaen Hospital, Thailand from January 
2011 to May 2017 with preliminary diagnosis as acute infectious encephalitis undergoing lumbar puncture with 
measured open pressure. Mortality was our primary outcome. 

RESULTS

From 291 patients with acute infectious encephalitis. From Cox regression model analysis, we found no 
significant association between high open pressure (more than or equal 27 cmH2O) and mortality (hazard ratio 
(HR), 1.34; 95% confidence interval (CI), 0.79 to 2.28). Also, by using Kaplan-Meier survival analysis, there was 
no significant association between high open pressure and mortality (P=0.263). However, the incidence density 
of mortality significantly increased 1.02 times in each year of patient age (HR, 1.02; 95% CI, 1.01 to 1.04), and a 
subgroup analysis of various cut-point showed incidence density of mortality significantly increased 2.18 times 
in patients with open pressure more than or equal to 20 cmH2O (HR, 2.18; 95% CI, 1.29 to 3.70). 

CONCLUSION

High cerebrospinal fluid open pressure was not associated with mortality of patients with acute infectious 
encephalitis. 
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Encephalitis has its worldwide annual incidence of 
0.07 to 12.6 cases per 100,000 population.1 There 
were 3,777 cases of acute encephalitis per year in 
Thailand between 1993 to 1998.2 The condition 
can increase intracranial pressure (ICP).3,4 
Consequently, this might affect the treatment 
outcomes. In patients with head injuries, we found 
that ICP more than 20 millimeters of mercury 
(mmHg) increased the mortality rate of the patient 
from 17% to 47%.5 Moreover, the mortality rate 
increases 3.12 times per every 10 mmHg higher 
from the average ICP of 20 mmHg.6 For patients 
with acute encephalitis, very few studies have 
defined the effects of ICP on mortality; a 
prospective cohort study in the US; 1988 in ten 
patients with acute viral encephalitis showed that 
six patients with ICP higher than 20 mmHg, five of 
whom died and four patients with ICP lower than 
20 mm. Hg, all survived.7 A later cohort study in 
Vietnam; in 2002 with 91 patients with acute viral 
encephalitis showed the same result that patients 
with increased ICP more than 25 cmH2O had 8.69 
times higher mortality rate.8 However; the results 
of the two previous studies did not show a precise 
relationship between ICP and mortality in acute 
viral encephalitis patients because of their small 
sample sizes. We aimed to conduct a study with a 
larger sample size to ascertain the relationship 
between high ICP and the mortality of the patient 
with acute viral encephalitis as well as acute 
infectious encephalitis. 

STUDY DESIGN 
We conducted a retrospective cohort study by 
reviewing medical records using the database of 

Khon Kaen Hospital, Thailand between January 
2011 and May 2017. We used the recorded data to 
identify open pressure measured at first lumbar 
puncture (LP) and mortality as our primary 
outcome of the present study to ascertain the 
relationship between ICP and mortality. Khon Kaen 
Hospital is one of the largest tertiary health care 
facilities in Thailand that has more than 65,000 in-
patients admitted annually between 2009 and 
2016 and more than 650,000 outpatients visits 
between 2009 to 2016.9 

PATIENTS

The medical records of the patients with the first 
visit of preliminary diagnosis of acute infectious 
encephalitis with ICD10 code including G04 and 
A80 to A89 and undergoing lumbar puncture (LP) 
were verified and reviewed. We excluded the 
medical records of the patients without data 
regarding open pressure after the first LP. 

EXPOSURE

High open pressure defined as cerebrospinal fluid 
(CSF) open pressure more than or equal to 27 
cmH2O from the first LP was identified as the 
exposure of the current study collected by 
reviewing the medical record of the patients. 

OUTCOMES 
The primary outcome was the mortality of patients 
identified by reviewing the medical records and 
searching the database of Civil registration where 
appropriate. The secondary outcomes were 
neurological complications of the patients in the 
admission; classified into four groups (i) severe 
impairment defined as patients with quadriparesis 
i.e., gross flaccid paralysis of all limbs and trunk in 
one patient, (ii) moderate impairment defined as 
patients develop seizure and status epilepticus 
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after admission or paraparesis i.e., weakness of 
lower limb of the body defined as motor power 
between grade two and three according to medical 
research council scale or hemiparesis i.e., weakness 
on one side of the body defined as motor power 
between grade two and three according to medical 
research council scale or diplegia i.e., gross flaccid 
paralysis of two limbs defined as motor power 
grade zero or grade one according to medical 
research council scale or monoplegia i.e., gross 
flaccid paralysis of one limb defined as motor 
power grade zero or grade one according to 
medical research council scale that reduce 
functional score lower than three, (iii) mild 
impairment defined as patients with diparesis i.e., 
weakness on two limb of the body defined as 
motor power between grade two and three 
according to medical research council scale or 

monoparesis i.e., weakness on one limb of the 
body defined as motor power between grade two 
and three according to medical research council 
scale or other neurological deficit that functional 
score greater than or equal to three, and (iv) 
patients who fully recovery. The other secondary 
outcomes were cardiac arrest i.e., having the 
evidence of cardiopulmonary resuscitation (CPR) in 
medical records, admission to the intensive care 
unit (ICU), developing of nosocomial infection i.e., 
an infection that occurred after 48 hours after 
admission ,and use of a mechanical ventilator, 
length of ICU stay in days, length of hospital stay in 
days. 

DATA COLLECTION 
The other variables collected in the present study 
included age, sex, the present of altered mental 

Figure 1. The patients flow in the analysis

211 Were included in the 
analysis

80 Were included in the 
analysis

467 Patients with preliminary diagnosis of  
        acute infectious encephalitis admitted in  Khon Kaen Hospital 

between January  2011 and May 2017 that underwent lumbar puncture

291 Were included

211 Had open pressure less 
than 27 cmH2O

80 Had open pressure equal or 
more than 27 cmH2O

176 Were excluded due to unrecorded 
open pressure from first lumbar puncture
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Table 1. Characteristics of patients

Characteristics Systemic Corticosteroid

(N = 211)

Non Systemic Corticosteroid

(N = 80)

P Value

Age -yr 0.02

          Median 54.9 44.8

          Interquartile range 27.1–67.9 25.9–57.5

Male sex—no. (%) 114 (54.0) 51 (63.7) 0.14

Altered mental status—no. (%) 184 (87.2) 68 (85.0) 0.62

New onset of seizure—no. (%) 64 (30.3) 20 (25.0) 0.37

New onset of Status epilepticus—no. (%) 21 (10.0) 8 (10.0) 0.99

History of seizure—no. (%) 14 (6.6) 3 (3.8) 0.42

Comorbidities—no. (%)

          Diabetes mellitus 51 (24.4) 8 (10.0) 0.01

          Hypertension 53 (25.4) 13 (16.3) 0.10

          HIV infection 11 (5.3) 4 (5.0) 1.00

          Tuberculosis infection 8 (3.8) 2 (2.5) 0.73

          Gouty arthritis 8 (3.8) 2 (2.5) 0.73

          Cirrhosis 2 (1.0) 4 (5.0) 0.05

Vital sign

          Body temperature-degree celsius 0.13

                    Median 37.5 37.9

                    Interquartile range 36.8–38.4 37.0--38.5           

          Pulse rate-beat per minute 0.34

                    Median 99 100

                    Interquartile range 84–112 90-116

          Systolic blood pressure-mmHg 0.90

                    Median 128 126

                    Interquartile range 115–149 115–154

          Diastolic blood pressure-mmHg 0.04

                    Median 74 79

                    Interquartile range 66–85 68.5–90.8
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status, new onset of a seizure, new onset of status 
epilepticus, history of seizure, comorbidities i.e. 
history of diabetes mellitus, hypertension, human 
immunodeficiency v i rus (HIV) infect ion, 
Mycobacterium tuberculosis  (TB) infection, gouty 
arthritis, cirrhosis. Also, a body temperature, pulse 
rate, systolic blood pressure, diastolic blood 
pressure, the presence of cranial nerve defects, 
quadriparesis, hemiparesis, paraparesis, positive 
upper motor neuron sign, Glasgow coma scale, on 
m e c h a n i c a l v e n t i l a t i o n o n a d m i s s i o n , 

thrombocytopenia, and serum sodium were 
collected. Furthermore, the CSF profile of the 
patient and the treatment that patients receive after 
admission included CSF close pressure, CSF 
leukocyte count, CSF protein level, glucose CSF: 
blood ratio, CSF polymorphonuclear leukocyte 
(PMN) proportion, CSF lymphocyte proportion, 
administration of systemic corticosteroid, mannitol, 
antibiotic in the various group i.e. penicillin group, 
cephalospor in group, macro l ide group, 
fluoroquinolone group, aminoglycoside group, 

Table 1. (continued) 

Characteristics Systemic Corticosteroid 

(N=211)

Non Systemic Corticosteroid

(N=80)

P Value

Cranial nerve defects—no. (%) 18 (8.7) 5 (6.5) 0.55

Positive upper motor neuron sign—no. (%) 32 (15.7) 10 (13.3) 0.63

Focal neurological deficit—no. (%)

Quadriparesis—no. (%) 27 (13.8) 10 (13.0) 0.86

Hemiparesis—no. (%) 12 (6.1) 2 (2.6) 0.36

Paraparesis—no. (%) 5 (2.6) 0 0.33

Glasgow coma scale 0.07

          Median 11 10

          Interquartile range 8–14 7.5–13

On mechanical ventilation on admission—no (%) 62 (29.4) 30 (37.5) 0.18

Thrombocytopenia—no. (%) 18 (9.2) 9 (12.7) 0.41

Serum sodium level—mmol/dl 0.57

          Median 136 135.5

          Interquartile range 132–140 131–139
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metronidazole, polymyxin group, glycopeptide 
group, lincosamide group, tetracycline group, 
carbapenem group were also collected. In addition 
to this, the data on the length of antibiotic use and 
acyclovir treatment were also collected in the 
present study. 

STATISTICAL ANALYSIS  
We compared the characteristics of the medical 
records of the included patients at the time of 
admission that could be potentially confounded to 
our primary and secondary outcomes. We divided 
the patients into two groups, a high open pressure 

Table 2. Cerebrospinal fluid profile of acute infectious encephalitis patients in first lumbar puncture 

Cerebrospinal fluid profile Low open pressure

(N=211)

High open pressure 

(N=80)

P Value

Closed pressure—cmH2O* <0.001

Median 14 26

Interquartile range 10-18 22.5-30

Leukocyte count-cells/µL <0.001

Median 39.3 195

Interquartile range 0-405 30-2,110

Protein level-mg/dL 0.06

Median 91 139

Interquartile range 43.3–279.9 52.7–378.6

Glucose CSF:blood ratio <0.5—no. (%) 95 (53.1) 48 (68.6) 0.03

PMN proportion—no. (%) <0.001

Median 20 90

Interquartile range 0–90 17–96

Lymphocyte cell proportion—no. (%) 0.27

Median 6.5 7

Interquartile range 0–35.3 3–40

* Closed pressure measured from first LP.
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group i.e., open pressure exceeds 27 cmH2O, and a 
lower open pressure group i.e., open pressure does 
not exceed 27 cmH2O. We used descriptive 

statistics to summarize the characteristics of the 
patients in each group; using numbers with 
percentages for the categorical variables, using 

Table 3. Treatment that patients received after admission

Treatment Low open pressure

(N=211)

High open pressure 

(N=80)

P Value

Therapy of cerebral edema—no. (%)

          None 139 (65.9) 48 (60.0) 0.35

          Systemic corticosteroid 62 (29.4) 28 (35.0) 0.36

          Mannitol 23 (10.9) 9 (11.3) 0.93

Antibiotic use—no. (%) 203 (96.2) 79 (98.8) 0.45

          Penicillin group 99 (46.9) 42 (52.5) 0.40

          Cephalosporin group 186 (88.2) 74 (92.5) 0.28

          Macrolide group 19 (9.0) 4 (5.0) 0.26

          Fluoroquinolone group 9 (4.3) 2 (2.5) 0.73

          Aminoglycoside group 3 (1.4) 0 0.56

          Metronidazole 11 (5.2) 7 (8.8) 0.28

          Polymyxin group 17 (8.1) 8 (10.0) 0.60

          Glycopeptide group 39 (18.5) 15 (18.8) 0.96

          Lincosamide group 18 (8.5) 10 (12.5) 0.31

          Tetracycline group 15 (7.1) 8 (10.0) 0.41

          Carbapenem group 60 (28.4) 26 (32.5) 0.50

Length of antibiotic use—day 0.50

          Median 9 7

          Interquartile range 4-14 3-14

Acyclovir treatment—no. (%) 83 (39.3) 25 (31.3) 0.20
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Table 4. Outcomes of the treatment

Outcome Low open pressure

(N=211)

High open pressure 

(N=80)

Relative risk 

(95% CI)

Mean difference 

(95% CI)

Primary outcome

          Death—no. (%) 71 (33.6) 33 (41.3) 1.23 (0.89–1.69)

Secondary outcome

          Cardiac arrest—no. (%) 24 (11.4) 15 (18.8) 1.65 (0.91–2.98)

          Neurological complication—no. (%)

                    Severe impairment 2 (0.9) 0

                    Moderate impairment 48 (22.7) 16 (20.0) 0.88 (0.53–1.46)

                    Mild impairment 1 (0.5) 1 (1.3) 2.64 (0.17–41.67)

                    Fully recovery 160 (75.8) 63 (78.8) 1.04 (0.91–1.19)

          ICU admission—no. (%) 27 (12.8) 19 (23.8) 1.86 (1.10–3.15)

          Developing of nosocomial infection—no. (%) 61 (28.9) 31 (38.8) 1.34 (0.95–1.90)

          Using of mechanical ventilation—no. (%) 118 (55.9) 55 (68.8) 1.23 (1.02–1.49)

          Length of the ICU stay—day —4.22 (—17.53–9.09)

                    Median 5.9 5.4

                    Interquartile range 3.9–12.8 2.5–10.6

          Length of Hospital stay—day —1.07 (—4.30–2.17)

                    Median 6 6

                    Interquartile range 3.0–12.9 3.4–10.7

mean together with standard deviation (SD) for the 
normally distributed continuous variables, median 
with interquartile range (IQR) for non-normally 
distributed continuous variables. For inferential 
statistics, we use either Pearson’s chi-squared test, 
Fisher’s exact test, or Mann-Whitney U test which 
appropriate to compare the characteristic of the 
patients in the two groups. Also, we used relative 

risk (RR), crude odds ratio (COR) to compare the 
outcomes between the two groups. To identify the 
factors that might influence our primary outcome, 
we used binary logistic regression analysis and Cox 
proportional hazard regression together with an 
adjusted odds ratio (AOR) and hazard ratio (HR) 
with their 95% confidence intervals (95% CI), 
respectively. We also used a Kaplan-Meier plot to 
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demonstrate time against cumulative survival 
within 30 days of admission between the two 
groups. 

 
CHARACTERISTIC OF PATIENTS 
Between January 2011 and May 2017, 467 
patients who were preliminarily diagnosed with 
acute infectious encephalitis admitted in Khon 
Kaen Hospital and underwent lumbar puncture. 
One hundred and seventy-six patients with no 
open pressure records were excluded. Finally, a 
total of 291 patients were included in the analyses, 
211 patients who had the open pressure less than 
27-centimeter water (cmH2O) as the low open 
pressure group and 80 patients who had the open 
pressure equal or more than 27 cmH2O as high 
open pressure group (Figure 1). 
 The characteristics between the low open 
pressure group and high open pressure group were 
different in terms of (i) age of patients (median 
54.9 years in the lower group vs. 44.8 years in the 
higher group, P=0.02), (ii) patients with diabetes 
mellitus (24.4% vs. 10%; P=0.01), (iii) Diastolic 
blood pressure (median 74-millimeter mercury 
[mmHg] vs. 79 mmHg; P=0.04). There was no 
significant difference between the two groups in 
other characteristics (Table 1).  
 CSF profile between the two groups were 
significantly different in most of parameters except 
lymphocyte cell proportion was relatively similar; 
(i) closed pressure from first LP (median 14.0 
cmH2O. vs. 26.0 cmH2O; P<0.001), (ii) leukocyte 
count from CSF (median 39.3 cell per microliter 
[cell/µL] vs. 195.0 cell/µL, P=<0.001), (iii) glucose 
CSF:blood ratio<0.5% (53.1% vs. 68.6%; P=0.03), 
(iv) PMN proportion from CSF (median 20 vs. 90; 
P<0.001) (Table 2). Treatments that patients 
received after admission between the two groups 
were all relatively similar (Table 3). 

STUDY OUTCOMES 
There was no significant difference in mortality 
rates between the high open pressure group and 
the low open pressure group (41.3% in high open 
pressure group vs. 33.6% in low open pressure 
group; RR, 1.23; 95% CI, 0.89 to 1.69). Also, other 
outcomes were relatively similar between the two 
groups. However, there was a significant difference 
in an increased risk of ICU admission 1.86 times 
(23.8% vs. 12.8%; RR, 1.86; 95% CI, 1.10 to 3.15) 
and increased risk of using mechanical ventilation 
1.23 times in the high open pressure group (68.8% 
vs. 55.9%; RR, 1.23; 95% CI, 1.02 to 1.49) (Table 4). 

FACTORS DETERMINE OUTCOME 
From the crude analysis of the odds ratio; there was 
a small but significant increase in mortality rate 
every year older (COR, 1.03; 95% CI, 1.02 to 1.04) 
and every milligrams higher level of CSF protein 
(COR, 1.002; 95% CI, 1.001 to 1.003). Moreover, 
mortality rate significantly increase in patient with 
diabetes mellitus (COR, 2.43; 95% CI, 1.36 to 
4.35), hypertension (COR, 3.30; 95% CI, 1.87 to 
5.82), on mechanical ventilation on admission 
(COR, 2.12; 95% CI, 1.28 to 3.53), systemic 
corticosteroid use times (COR, 1.71; 95% CI, 1.03 
to 2.85) and thrombocytopenia (COR, 2.58; 95% CI, 
1.15 to 5.78). However, mortality rate decrease 
with higher Glasgow coma scale (GCS) (COR, 0.88; 
95% CI, 0.82 to 0.95) and antiviral treatment (COR, 
0.46; 95% CI, 0.27 to 0.78). On the contrary, high 
open pressure and other factors were not 
significantly associated with the mortality rate 
(Table 5). 
 From binary logistic regression model 
analysis; there was a significant increase in 
mortality rate in patients with high open pressure 
(AOR, 3.58; 95% CI, 1.10 to 11.68 ), systemic 
corticosteroid use (AOR, 3.15; 95% CI, 1.16 to 
8.52), higher age (AOR, 1.04; 95% CI, 1.01 to 
1.08), higher body temperature (AOR, 1.63; 95% 
CI, 1.02 to 2.60) and a higher level of CSF protein 

R E S U L T S
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Table 5. Multivariable analysis of factors associated with mortality in acute infectious encephalitis patient

Factor 
Odds ratio (95% confidence interval) 


Crude analysis                                      Adjusted analysis

Hazard ratio 

(95% confidence interval)

High open pressure 1.38 (0.82–2.35) 3.58 (1.10–11.68) 1.53 (0.91–2.57)

Age—yr 1.03 (1.02–1.04) 1.04 (1.01–1.08) 1.02 (1.01–1.04)

Male sex 0.55 (0.34–0.89) 0.40 (0.15–1.06) 0.52 (0.33–0.84)

Altered mental status 1.13 (0.55–2.31) 0.43 (0.09–2.00) 0.59 (0.29–1.22)

New onset of seizure 0.50 (0.28–0.88) 0.83 (0.23–2.94) 0.60 (0.32–1.11)

History of seizure 0.37 (0.10–1.31) 0.06 (0.001–5.58) 0.57 (0.13–2.52)

Diabetes mellitus 2.43 (1.36–4.35) 0.79 (0.21–2.90)

Hypertension 3.30 (1.87–5.82) 2.05 (0.58–7.19)

Body temperature—degree celsius 1.05 (0.85–1.30) 1.63 (1.02–2.60) 1.06 (0.85–1.31)

Pulse rate—beat per minute 1.003 (0.99–1.01) 1.02 (0.99–1.05) 1.00 (0.99–1.02)

Systolic blood pressure—mmHg 1.01 (1.00–1.02) 0.99 (0.97–1.02) 1.00 (0.99–1.01)

Diastolic blood pressure—mmHg 1.01 (1.00–1.03) 1.02 (0.98–1.07) 1.01 (0.99–1.03)

Glasgow coma scale 0.88 (0.82–0.95) 0.94 (0.76–1.16) 0.93 (0.84–1.03)

On mechanical ventilation on admission 2.12 (1.28–3.53) 0.47 (0.10–2.16) 1.50 (0.76–2.95)

Administration of corticosteroid 1.71 (1.03–2.85) 3.15 (1.16–8.52) 1.09 (0.67–1.78)

Acyclovir treatment use 0.46 (0.27–0.78) 0.71 (0.20–2.54) 1.07 (0.61–1.85)

CSF Leukocyte count—cells/µL 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

CSF Protein level—mg/dL 1.002 (1.001–1.003) 1.004 (1.001–1.006) 1.001 (1.001–1.002)

CSF PMN proportion—% 1.01 (1.00–1.01) 0.99 (0.97–1.002)

CSF Lymphocyte cell proportion—% 0.99 (0.98–1.00) 0.998 (0.98–1.01)

CSF Thrombocytopenia 2.58 (1.15–5.78) 1.55 (0.36–6.72)

Serum sodium level—mmol/dl 0.98 (0.95–1.01) 0.97 (0.92–1.02) 0.97 (0.95–1.00)
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Table 6. Subgroup analysis of various cut-off point of open pressure

Cutpoint of open pressure

(cmH2O)

High open pressure patients Death
Hazard ratio


(95% confidence interval)

>20 150 65 (43.3) 2.18 (1.29–3.70)

>25 97 40 (41.2) 1.46 (0.88–2.43)

>30 63 27 (42.9) 1.64 (0.92–2.92)

>35 37 14 (37.8) 1.26 (0.59–2.70)

>40 21 9 (42.9) 1.40 (0.56–3.50)

(AOR, 1.004; 95% CI, 1.001 to 1.006). However, no 
other factors were significantly associated with the 
mortality rate (Table 5).  
 From Cox proportional hazard regression 
model analysis using the length of hospital stay 
within 30 days, the incidence density of mortality 
significantly increased 1.02 times in each year of 
patient age (HR, 1.02; 95% CI, 1.01 to 1.04) and 
slightly increased 1.001 times per milligram of CSF 
protein higher (HR, 1.001; 95% CI, 1.001 to 
1.002). On the other hand, the incidence density of 
mortality decreased 0.52 times in male patients 
(HR, 1.02; 95% CI, 0.33 to 0.84). Nevertheless, 
high open pressure was not significantly associated 
with mortality congruently with the Kaplan-Meier 
plot (Figure 2). Also, other investigated factors were 
found not be significantly associated with mortality 
(Table 5).   

SUBGROUP ANALYSIS 
From Cox proportional hazard regression model 
analysis using various cutpoint of open pressure, 
the incidence density of mortality significantly 
increased 2.18 times in patients with open 
pressure more than or equal to 20 cmH2O (HR, 
2.18; 95% CI, 1.29 to 3.70). The results of other 
cutpoints of open pressure were similar between 
the two groups (Table 6). 

MAIN FINDINGS 
In this retrospective cohort study based on 291 
patients with acute infectious encephalitis, we 
found no significant difference in mortality rate 
between those with or without high open pressure. 
Also, after additional adjustment still no significant 
association between high open pressure and 
incidence density of mortality. However, the 
incidence density of mortality rate significantly 
increases when the definition of high open 
pressure group change to CSF open pressure more 
than or equal to 20 cmH2O. 
  
COMPARISON WITH OTHER STUDIES 
To our knowledge, there were two studies have 
defined the effects of ICP on mortality in patients 
with acute encephalitis.7, 8 However, our findings 
contrast with the previous two studies.7, 8 The first 
study in ten patients showed that four patients with 
an ICP less than 20 mmHg survived, whereas five 
of six patients with ICP higher than 20 mmHg died 
(P<0.05). But because of the small sample size, 
there were no inferential statistics to generalize the 
outcome to the population.7 The second study 
found that patients with CSF open pressure greater 
than or equal to 25 cmH2O had significant 8.69 

D I S C U S S I O N
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times higher mortality rate than those who were 
not. From our perspective, the difference in 
findings was because of the difference in the 
median age of patients in our study and the 
previous study. The median age of the patient in 
the previous study was 8 to 9 years old. However, 
in our study, the median age of patients was 54 
years old in patients with CSF open pressure 
greater than or equal to 27 cmH2O, and the 
median age of 44 years old in the other group. The 
difference in the median age of the patients in the 
two groups has the potential to affect the mortality 
rate in the two groups. Owing to  the increase in 
age of patients also increases the mortality rate of 
patients with infectious disease.26-28 

Figure 2. Kaplan-Meier comparing mortality in 30 days 
versus high open pressure record at first LP.

STRENGTHS AND LIMITATIONS OF STUDY 
The strength of our study was the size of the 
database that we used. This is one of the world's 
largest databases of patients with encephalitis at 
the current period.  
 The limitations of the current study; first, 
the database that we used was from the medical 
records of the tertiary care unit that is a referral 
center. However, some of the patients may 
undergo LP from the primary or secondary care 
unit before. Thus; the open pressure we collected 
may not be the precise one to show the 
relationship between increased ICP and 
mortality. Second, there were many missing data 
in our medical records. As a result, it increased 
missing bias. Third, the methods of measurement 
ICP are varied because we were not able to 
standardize the method of measurement. Fourth, 
the difference of age in the two groups between 
the low open pressure group and high open 
pressure group.  

CONCLUSION AND IMPLICATIONS 
Our study showed that there was no relationship 
between high open pressure and mortality rate. 
However, our study still has the limitation in 
aspects of missing data and unstandardized 
measurement of open pressure resulting in 
missing bias and uncertain open pressure. Thus, 
further studies with adequate data and more 
accurate open pressure are required.
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