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Background: Endoscopic third ventriculostomy (ETV) is an established treatment 

modality for obstructive hydrocephalus; however, early prediction of postoperative 

success remains challenging. Conventional radiological assessment and isolated 

intracranial pressure (ICP) measurements have shown limited reliability in 

identifying ETV failure during the early postoperative period. Continuous 

postoperative ICP monitoring may provide better insight into cerebrospinal fluid 

dynamics and functional outcome after ETV. 

Objectives: To evaluate whether postoperative ICP trends predict ETV outcomes 

after ETV. Secondary objectives included comparison of predictive ability between 

ICP trends and individual ICP values, determination of sensitivity and specificity of 

ICP patterns, and evaluation of postoperative ICP trend evolution. 
Methods: This prospective observational study was conducted in the Department of 

Neurosurgery, King George’s Medical University, Lucknow, between January 2016 

and July 2016. Forty-five patients undergoing ETV for hydrocephalus of various 

etiologies were included. Postoperative ICP monitoring was performed continuously 

for three days using an external ventricular drain connected to a pressure transducer. 

ICP trends were categorized as progressive increase, progressive decrease, stable, 

increase followed by decrease, and decrease followed by increase. ETV outcome 

was assessed clinically over a three-month follow-up period. 

Results: Among 41 patients available for final follow-up, 24 (58.5%) had 

successful ETV outcomes and 17 (41.5%) experienced ETV failure. Progressive 

decrease and stable ICP trends were strongly associated with successful ETV 
outcomes, whereas progressive increase trend was significantly associated with 

ETV failure (p < 0.001). Progressive increase trend demonstrated sensitivity of 

91.7% and specificity of 79.3% for predicting ETV failure. In contrast, individual 

ICP parameters, including daily average ICP values, did not demonstrate 

statistically significant association with ETV outcome. 

Conclusion: Postoperative ICP trend analysis is a reliable predictor of ETV 

outcome and demonstrates superior predictive utility compared with isolated 

postoperative ICP measurements. Continuous ICP monitoring may facilitate early 

identification of patients at risk of ETV failure and aid timely postoperative 

management. 

 
Copyright © International Journal of 
Medical and Pharmaceutical Research 
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INTRODUCTION 

Endoscopic third ventriculostomy (ETV) has become an established surgical treatment for obstructive hydrocephalus and 

is increasingly preferred over ventriculoperitoneal shunting because it restores near-physiological cerebrospinal fluid 

(CSF) circulation without the need for permanent implanted hardware.¹˒² The reported success rates of ETV vary widely, 
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ranging from 50% to 95%, depending on patient age, etiology, and prior shunt status.¹⁻⁴ Despite its widespread use, 

predicting postoperative ETV success remains a major clinical challenge. 

 

Early postoperative evaluation following ETV is often difficult because radiological and clinical findings may not 

accurately reflect stoma functionality. Ventricular size reduction after ETV is frequently delayed or minimal even in 
clinically successful cases.⁵ Furthermore, cine phase-contrast magnetic resonance imaging (MRI), though useful in 

demonstrating CSF flow across the ventriculostomy stoma, does not reliably predict long-term outcome and may show 

persistent flow even in failed cases.⁶ Transcranial Doppler-derived pulsatility indices have also shown inconsistent 

correlation with intracranial pressure (ICP) and ETV patency.⁷˒⁸ 

 

Several predictive models and scoring systems have been proposed to estimate ETV success. Among these, the 

Endoscopic Third Ventriculostomy Success Score (ETVSS) has demonstrated moderate predictive utility, particularly in 

pediatric populations.⁹⁻¹¹ However, these tools are primarily based on demographic and etiological variables and do not 

directly evaluate postoperative CSF dynamics. 

 

Postoperative ICP monitoring has emerged as a potentially valuable method for assessing early ETV function. Frim et al. 

first demonstrated characteristic postoperative ICP adaptation following successful ETV and described gradual 
normalization of ventricular pressure after surgery.¹² Subsequently, Bellotti et al. reported that postoperative ICP 

monitoring may help identify patients who develop intracranial hypertension after ETV.¹³ Rapana et al. further 

demonstrated that postoperative ICP evolution varies according to hydrocephalus etiology and may provide important 

insights into postoperative CSF hydrodynamics.¹⁴ Cinalli et al. observed that transient postoperative ICP elevation may 

occur even in clinically successful ETV cases due to delayed adaptation of subarachnoid CSF pathways.¹⁵ Santamarta et 

al. and Korshunov et al. similarly reported progressive postoperative ICP reduction after successful ETV procedures.¹⁶˒¹⁷ 

More recently, Roytowski et al. demonstrated that postoperative ICP monitoring may improve prediction of early ETV 

functional outcome.¹⁸ 

 

Despite these observations, limited prospective studies have specifically evaluated the predictive role of postoperative 

ICP trend patterns compared with isolated ICP measurements. Therefore, the present study aimed to evaluate whether 
postoperative ICP trends can predict ETV outcome and to determine the diagnostic performance of different ICP trend 

patterns following ETV. 

 

MATERIAL AND METHODS 

This prospective single-center observational study was conducted in the Department of Neurosurgery, King George’s 

Medical University (KGMU), Lucknow, India, between January 2016 and July 2016. The study included patients 

undergoing endoscopic third ventriculostomy (ETV) for hydrocephalus of various etiologies. Patients with previous 

failed ETV procedures were also included. Patients older than 70 years of age, those unwilling to participate in the study, 

and cases in which ETV could not be successfully completed were excluded from the analysis. 

 

A total of 45 consecutive patients who underwent ETV during the study period were enrolled. Preoperative demographic, 

clinical, and radiological details were recorded for all patients. Hydrocephalus was classified as communicating or 
obstructive based on neuroimaging findings and clinical assessment. 

 

All procedures were performed under standard operative protocols. At the completion of ETV, an external ventricular 

drain (EVD) catheter was placed through the same burr hole into the lateral ventricle under strict aseptic precautions. The 

EVD catheter was connected to a pressure transducer and bedside monitor (PHILIPS IntelliVue MP40; Philips Medical 

Systems, Netherlands) for continuous postoperative intracranial pressure (ICP) monitoring. 

 

Postoperative ICP values were recorded every 30 minutes for three consecutive postoperative days. A total of 48 ICP 

readings were obtained each day, and these values were averaged to calculate the daily average value (DAV). To improve 

reliability and reduce variability, the averages of the five highest ICP values and five lowest ICP values recorded each 

day were also calculated and designated as high daily average value (HDAV) and low daily average value (LDAV), 
respectively. 

 

Based on the evolution of DAV over the first three postoperative days, postoperative ICP trends were categorized into 

five patterns: progressive increase, progressive decrease, stable trend, increase followed by decrease, and decrease 

followed by increase. Progressive increase and progressive decrease trends were defined by continuous rise or fall in 

DAV from postoperative day 1 to day 3, respectively. Stable trend was defined as variation within ±1 mmHg during the 

monitoring period. 

 

Computed tomography (CT) of the brain was performed at discharge and repeated when clinically indicated, particularly 

in patients with symptoms suggestive of raised ICP. Lumbar puncture or CSF drainage through the EVD was performed 
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in selected symptomatic patients with elevated ICP values at the discretion of the operating neurosurgeon. The ICP 

monitoring system was removed after three postoperative days or earlier if repeat CSF diversion became necessary.  

 

Patients were followed for a period of three months following surgery. Follow-up evaluations were performed at 15 days 

after discharge and at three months postoperatively. Clinical improvement, persistence or recurrence of symptoms of 
raised ICP, and requirement for repeat CSF diversion procedures were documented. ETV failure was defined as lack of 

postoperative clinical improvement and/or requirement for repeat CSF diversion procedure, including repeat ETV or 

ventriculoperitoneal shunt placement. 

 

Data were entered into Microsoft Excel and analyzed using SPSS version 22.0 (IBM SPSS Statistics, Somers, NY, USA). 

Continuous variables were expressed as mean ± standard deviation, whereas categorical variables were expressed as 

frequency and percentage. Comparisons between categorical variables were performed using the chi-square test or 

Fisher’s exact test, as appropriate. Continuous variables between successful and failed ETV groups were compared using 

the independent samples t-test. Diagnostic performance of postoperative ICP trend patterns for predicting ETV outcome 

was evaluated by calculating sensitivity, specificity, positive predictive value (PPV), and negative predictive value 

(NPV). A p-value of less than 0.05 was considered statistically significant. 

 

RESULTS 

A total of 45 patients underwent endoscopic third ventriculostomy (ETV) during the study period. Four patients were lost 

to follow-up and excluded from the final outcome analysis. Therefore, 41 patients were included in the final analysis, 

among whom 24 patients (58.5%) had successful ETV outcomes, while 17 patients (41.5%) experienced ETV failure. 

 

The majority of patients belonged to the pediatric age group, with 21 patients aged less than 1 year. Male patients 

constituted the predominant study population. Obstructive hydrocephalus was more common than communicating 

hydrocephalus. Aqueductal stenosis and tubercular meningitis with hydrocephalus were the most common etiologies 

observed in the cohort. However, no statistically significant association was observed between ETV outcome and age 

group, gender, congenital versus acquired hydrocephalus, or type of hydrocephalus (Table 1). 

 
Five postoperative intracranial pressure (ICP) trend patterns were identified following ETV: progressive decrease, 

progressive increase, stable trend, increase followed by decrease, and decrease followed by increase. Progressive 

decrease was the most common favorable pattern, observed in 14 patients, of whom 12 (85.7%) had successful ETV 

outcomes. Similarly, a stable ICP trend was associated with favorable outcome in 9 of 11 patients (81.8%). 

 

In contrast, progressive increase in ICP was strongly associated with ETV failure and was observed in 12 patients, among 

whom 11 patients (91.7%) experienced ETV failure. Overall, postoperative ICP trend patterns demonstrated a statistically 

significant association with ETV outcome (χ² = 20.572, p < 0.001) (Table 2). 

 

Diagnostic accuracy analysis demonstrated that a progressive decrease trend predicted successful ETV with a sensitivity 

of 85.7% and a negative predictive value (NPV) of 88.2%. A stable trend similarly demonstrated high sensitivity (81.8%) 

and NPV (88.2%) for predicting successful ETV outcome. 
 

When progressive decrease and stable trends were combined, the predictive performance improved substantially, with a 

sensitivity of 84.0%, specificity of 81.3%, positive predictive value (PPV) of 87.5%, and NPV of 76.5%. 

 

Progressive increase trend demonstrated the highest predictive accuracy for ETV failure, with sensitivity of 91.7%, 

specificity of 79.3%, and NPV of 95.8% (Table 3). 

 

Daily average ICP values (DAV), high daily average values (HDAV), and low daily average values (LDAV) were 

compared between successful and failed ETV groups. Although patients with failed ETV demonstrated relatively higher 

DAV and HDAV values during the postoperative period, none of the individual ICP parameters showed statistically 

significant association with ETV outcome. 
 

The mean DAV on postoperative day 3 was higher in the failed ETV group compared with the successful group (9.08 ± 

5.88 mmHg vs 6.24 ± 3.86 mmHg), although this difference did not reach statistical significance (p = 0.069). Similar 

nonsignificant findings were observed for HDAV and LDAV parameters (Table 4). 

 

Overall, postoperative ICP trend evolution demonstrated superior predictive utility compared with isolated postoperative 

ICP measurements in determining ETV outcome. 

 

Table 1. Baseline demographic and clinical characteristics of patients undergoing ETV according to outcome 

Variable Successful ETV (n = 24) Failed ETV (n = 17) p-value 
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Age (years) 

≤1 year 11 (45.8) 10 (58.8) 

 
1–18 years 9 (37.5) 5 (29.4) 

>18 years 4 (16.7) 2 (11.8) 

Male Gender, n (%) 13 (54.2) 12 (70.6) 0.288 

Hydrocephalus 

Congenital hydrocephalus 10 (41.7) 7 (41.2) 
0.975 

Acquired hydrocephalus 14 (58.3) 10 (58.8) 

Obstructive hydrocephalus 19 (79.2) 10 (58.8) 
0.158 

Communicating hydrocephalus 5 (20.8) 7 (41.2) 

Aqueductal stenosis 6 (25.0) 7 (41.2) #0.319 

Tubercular meningitis with 

hydrocephalus 
2 (8.3) 6 (35.3) #0.058 

Chi square test, #Fisher’s exact test  

 

Table 2. Association between postoperative ICP trend patterns and ETV outcome 

ICP trend pattern Total (n = 41) Successful ETV,  n (%) Failed ETV,  n (%) p-value 

Progressive decrease 14 12 (85.7) 2 (14.3) 

<0.001* 

Stable trend 11 9 (81.8) 2 (18.2) 

Progressive increase 12 1 (8.3) 11 (91.7) 

Increase followed by decrease 3 1 (33.3) 2 (66.7) 

Decrease followed by increase 1 1 (100.0) 0 (0.0) 

Chi square test  
 

Table 3. Diagnostic performance of postoperative ICP trend patterns in predicting ETV outcome 

ICP trend pattern Sensitivity (%) Specificity (%) 
Positive predictive 

value (%) 

Negative predictive 

value (%) 

Progressive decrease predicting 

ETV success 
85.71 55.56 50 88.24 

Stable trend predicting ETV 

success 
81.82 50 37.5 88.24 

Progressive decrease + stable 

trend predicting ETV success 
84 81.25 87.5 76.47 

Progressive increase predicting 

ETV failure 
91.67 79.31 64.71 95.83 

 

Table 4. Comparison of individual postoperative ICP values between successful and failed ETV outcomes 

ICP parameter (mmHg) Successful ETV (n = 24) Mean ± SD Failed ETV (n = 17) Mean ± SD p-value 

DAV 

Day 1 7.74 ± 4.92 7.55 ± 4.71 0.905 

Day 2 7.28 ± 4.83 8.31 ± 5.71 0.536 

Day 3 6.24 ± 3.86 9.08 ± 5.88 0.069 

Mean DAV 7.08 ± 4.21 8.31 ± 5.29 0.413 

HDAV 

Day 1 11.88 ± 6.53 13.13 ± 6.60 0.550 

Day 2 10.83 ± 6.59 13.14 ± 8.07 0.319 

Day 3 9.25 ± 4.57 13.09 ± 8.45 0.068 

Mean HDAV 10.65 ± 5.50 13.12 ± 7.49 0.230 

LDAV 

Day 1 3.93 ± 3.11 4.09 ± 5.24 0.903 

Day 2 4.55 ± 4.09 5.71 ± 5.84 0.460 

Day 3 3.92 ± 3.29 5.97 ± 5.75 0.155 

Mean LDAV 4.13 ± 3.24 5.26 ± 5.47 0.415 

Independent samples t-test  

 

DISCUSSION 

The present study evaluated the role of postoperative ICP trends in predicting outcomes following endoscopic third 

ventriculostomy. The principal finding of this study was that dynamic postoperative ICP trend evolution demonstrated 
significantly greater predictive utility than isolated ICP measurements. 

 

In the present series, the overall ETV success rate was 58.5%, which is comparable with previously reported success 

rates ranging from 50% to 95% in the literature.¹⁻⁴ Similar to previous reports, no statistically significant association was 

observed between ETV outcome and demographic variables such as age or gender.²˒³ Although obstructive 

hydrocephalus demonstrated relatively higher success rates than communicating hydrocephalus, this difference did not 

achieve statistical significance. 
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The most important finding of the current study was the strong association between postoperative ICP trend patterns and 

ETV outcome. Progressive decrease and stable ICP trends were predominantly associated with successful ETV 

outcomes, whereas progressive increase trend strongly correlated with ETV failure. This observation supports earlier 

findings by Rapana et al., who demonstrated that postoperative ICP evolution reflects changing CSF hydrodynamics after 

ETV and may differ among patient groups.¹⁴ Similarly, Santamarta et al. observed progressive reduction in postoperative 
ICP after successful ETV procedures, particularly in acute hydrocephalus and pediatric patients.¹⁶ Korshunov et al. also 

reported reduction in postoperative ICP and improvement in CSF outflow resistance following successful ETV.¹⁷ 

 

The present study further demonstrated that progressive increase trend had high sensitivity (91.7%) and specificity 

(79.3%) for predicting ETV failure. These findings are clinically important because postoperative deterioration following 

failed ETV can occasionally be sudden and life-threatening. Roytowski et al. similarly reported that postoperative ICP 

monitoring has high negative predictive value in identifying functional ETV outcomes.¹⁸ Bellotti et al. previously 

emphasized the utility of postoperative ICP monitoring in identifying patients who develop postoperative intracranial 

hypertension requiring intervention.¹³ 

 

An important observation in the present study was that individual ICP parameters, including daily average values (DAV), 

high daily average values (HDAV), and low daily average values (LDAV), did not significantly correlate with ETV 
outcome. Although failed ETV cases demonstrated relatively higher ICP values, isolated measurements lacked sufficient 

discriminatory value. This finding suggests that postoperative ICP evolution over time is more informative than single 

ICP readings. Similar physiological adaptation after successful ETV was previously described by Frim et al., who 

proposed that gradual normalization of ICP reflects adaptation of CSF circulation pathways and restoration of intracranial 

compliance.¹² Cinalli et al. also demonstrated that transient postoperative ICP elevation may occur even in successful 

ETV due to delayed subarachnoid adaptation.¹⁵ 

 

The findings of the current study support the concept that postoperative ICP monitoring provides a dynamic assessment 

of CSF circulation following ETV rather than merely reflecting static pressure values. Trend analysis appears to better 

characterize the physiological response to ventriculostomy and may aid in early identification of patients at risk of ETV 

failure. 
 

The present study has certain limitations. The sample size was relatively small, and the follow-up duration was limited to 

three months. In addition, the study was conducted at a single center, which may limit generalizability. Nevertheless, the 

prospective design and continuous postoperative ICP monitoring strengthen the validity of the observations. 

 

Overall, the present study demonstrates that postoperative ICP trend evolution is a reliable predictor of ETV outcome and 

provides superior predictive utility compared with isolated postoperative ICP measurements. 

 

CONCLUSION 

Postoperative intracranial pressure (ICP) trend analysis is a valuable predictor of outcome following endoscopic third 

ventriculostomy (ETV). Progressive decrease and stable ICP trends were strongly associated with successful ETV 

outcomes, whereas progressive increase trend demonstrated high predictive accuracy for ETV failure. In contrast, 
isolated postoperative ICP measurements did not show significant association with outcome, suggesting that dynamic 

ICP evolution provides superior clinical information compared with single ICP values. Continuous postoperative ICP 

monitoring may therefore aid in early identification of patients at risk of ETV failure and facilitate timely intervention. 

Larger multicentric studies with longer follow-up are warranted to validate these findings. 
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