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Background: The effect of Ommaya reservoirs on the clinical outcomes of patients with intraventricular hemorrhage (IVH) remains
unclear.

Objective: We aimed to determine the effect of combining the Ommaya reservoir and external ventricular drainage (EVD) therapy on
IVH and explore better clinical indicators for Ommaya implantation.

Methods: A retrospective analysis was conducted on patients diagnosed with IVH who received EVD-Ommaya drainage between
January 2013 and March 2021. The patient population was divided into two groups: the Ommaya-used group, comprising patients in
whom the Ommaya drainage system was activated post-surgery, and the Ommaya-unused group, comprising patients in whom the
system was not activated. The study analyzed clinical, imaging, and outcome data of the patient population.

Results: A total of 123 patients with IVH were included: 75 patients in the Ommaya-used group and 48 patients in the Ommaya-
unused group. The patients in the Ommaya-used group showed a lower 3-month GOS than those in the Ommaya-unused group
(p<0.0001). The modified Graeb scale (mGS) in the Ommaya-unused group was significantly lower than that in the Ommaya-used
group before the operation (p<0.01) but not after surgery (p>0.05). The GCS in the Ommaya-used group was significantly lower than
that in the other group, and there was a close correlation between the GCS and 3-month GOS (p<0.0001). The GCS score showed
significance in predicting the use of Ommaya (p<0.001).

Conclusion: The study demonstrated that combining EVD and Ommaya drainage was a safe and feasible treatment for IVH.
Additionally, preoperative GCS was found to predict the use of Ommaya drainage in subsequent treatment, providing valuable
information for pre-surgery decision-making.
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Introduction
Spontaneous intracerebral hemorrhage (ICH) is a critical event that leads to a high mortality rate and permanent disability
in survivors. It is more common in older adults, as aging increases the risk of ICH and worsens its outcomes. In parallel
with the aging population, the global incidence of ICH has risen to about 3.5 million, posing a threat to the health of the
elderly and a heavy burden to society. Age is highly associated with the development and clinical outcomes of ICH,
whose risk ratio doubles with every 10 years of age.' Intraventricular hemorrhage (IVH), a life-threatening complication
of ICH that occurs when blood enters the ventricles, affects over 50% of ICH patients and leads to an even worse
prognosis.

IVH can be either primary or secondary, depending on the source of bleeding. The volume of IVH is a significant
predictor of poor outcome.”* Apart from that, rapid neurological deterioration can be a consequence of acute blockage of
the cerebrospinal fluid (CSF) circulation, the mass effect caused by the hematoma, sudden increase in intracranial
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pressure, and reduced cerebral perfusion. Additionally, IVH causes mechanical disruption, ventricular wall distension,
hypertensive hydrocephalus, and toxic metabolic damage to the ependyma.’ Given the significant impact of IVH on
mortality and morbidity, diverse treatment strategies have been evaluated. The most common treatment of IVH is the
emergency placement of an external ventricular drain (EVD) to alleviate hydrocephalus, reduce the hematoma, and
normalize the intracranial pressure.®®

The Ommaya reservoir, a ventricular access device for repetitive access to intrathecal space, was invented by
Pakistani neurosurgeon Ayub Khan Ommaya in 1963.”'° The safety and efficacy of a combined Ommaya reservoir
and EVD as a modified approach in the treatment of ventricular hematoma have been preliminarily proven.'''? The uses
of the Ommaya Reservoir and EVD have both been proposed as major alternative treatment strategies for [IVH in many
centers.'>'® However, the therapeutic effect of Ommaya reservoirs for extensive use in IVH patients has not been
reported in detail, and the benefit-risk balance of using Ommaya in such a disease of the elderly remains to be evaluated.

In this paper, we retrospectively analyzed 123 IVH patients who underwent combined Ommaya reservoir and EVD
surgery at our hospital, dividing them into two groups based on whether Ommaya drainage was used post-surgery. The
objective of this study is to investigate the correlation between clinical prognosis and the utilization of Ommaya, with the
aim of providing guidance for the appropriate utilization of Ommaya in clinical practice.

Methods

We performed a retrospective analysis of a single-center cohort to investigate the effect of combined Ommaya reservoir
and EVD surgery on IVH patients.

Patients

We reviewed all consecutive patients who were diagnosed with [VH, admitted to our neurosurgical intensive care unit at
Huashan Hospital Affiliated to Fudan University between January 2013 and March 2021, and 123 patients were finally
enrolled (Figure 1). The inclusion criteria were as follows: (1) age 18 years and above, (2) the origin of hemorrhage was
located either at the basal ganglia, thalamus, or brain stem with relevant extension into any ventricle, (3) treated with
combined Ommaya reservoir and EVD surgery, and (4) initial and follow-up computed tomography (CT) scans were
available. The exclusion criteria were as follows: (1) age<18 years, (2) a clear secondary cause of ventricular hemorrhage
(aneurysm rupture, arteriovenous malformation rupture or neoplasm, as well as traumatic hemorrhages), and (3)
a hematoma removal was performed postoperatively for any reason. This study was approved by the institutional review
board of Huashan Hospital, Fudan University (HIRB-2015-256). All participants provided written informed consent. The
study was conducted in accordance with relevant guidelines and regulations.

Grouping and Assessment

All IVH patients received combined EVDs and Ommaya reservoirs (Medtronic, Minneapolis, MN, USA) and were
divided into Group A (Ommaya not used after surgery) and Group B (Ommaya used after surgery). The following
information was extracted from the database: age, sex, the Glasgow Coma Scale (GCS) score at admission (before
surgery), intraventricular urokinase, intracranial infection, hypertension, permanent ventriculoperitoneal shunt, length of
hospital stay (LOS), length of EVD-drainage (LOE), length of Ommaya-drainage (LOO), in-hospital mortality, the
modified Graeb Score (mGS, before surgery, 3 days and 7 days after surgery), and the Glasgow Outcome Scale (GOS)
score (3 months postoperatively, if the patient was still alive).

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 7 (GraphPad Software, San Diego, California, USA) and the
open-source software Jamovi (version 2.3.2).
Descriptive statistics were used to describe the general information of all patients and were presented as the mean =+
standard deviation if they fit the normal distribution and as the median and quantile intervals if the distributions are nonnormal.
Differences between the used and unused Ommaya groups were determined using the Mann—Whitney U-test (a =
0.05) after testing the normality and equality of variance. An unpaired #-test was applied to test the age differences
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+ 879, non-IVH
+ 359, secondary IVH
* 46, without EVD

« 23, without available CT data
+ 35, without available clinical
data

Figure | Flowchart of study enrollment.
Abbreviations: IVH, intraventricular hemorrhage; EVD, external ventricular drainage.

between the used and unused groups. We also compared the categorical variables (such as hypertension versus no
hypertension, pneumonia, versus no pneumonia, etc.) between the used and unused Ommaya groups by performing
contingency table analyses and estimating the P values by Fisher’s exact test.

To estimate the relationship between the independent clinical factors (such as age, inpatient time, GCS, etc.) and
clinical outcomes, a multiple linear regression analysis was performed using the least-squares method with the GOS
score taken as the dependent variable (Y). The two-sided test level was a = 0.05, and p < 0.05 was considered to be
statistically significant. All significance was accepted at the 0.05 level of probability.

We also apply a binomial logistic regression model to predict or infer the probability of using Ommaya. Significant
preoperative clinical factors (GCS and mGS) were included as predictors in the model. Omnibus likelihood ratio tests
were used to test the significant contributions of the predictors in the model. All significance was accepted at the 0.05
level of probability.

Results

Patient Characteristics

Table 1 summarizes the relevant characteristics of the study cohort. Figure 1 shows the flowchart of study enrollment.
A total of 123 patients were enrolled finally, and there were 75 patients (52 males, 23 females) in the Ommaya-used
group and 48 patients (31 males, 17 females) in the Ommaya-unused group. The GCS in the Ommaya-used group (8.920
+ 2.954) was significantly lower than that in the Ommaya-unused group (11.920 + 1.724) (Figure 2A, p<0.0001). The
average LOS was 16.46 (SD = 9.177) days in the unused group and 25.65 (SD = 12.57) days in the used group, which
was a significant difference between the two groups. There was no increase in the number of patients with intracranial
infections in the Ommaya-used group (11/75) compared to the Ommaya-unused group (6/48) (p>0.05). The age of the
patients was 54.64 = 13.41 versus 52.40 = 15.04 between the respective groups. There were 22 patients in the Ommaya-
used group and 9 patients in the Ommaya-unused group had permanent VP shunts placed. No significant differences were
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Table | Demographic, Clinical, and Neuroradiological Characteristics of Patients

Variables Classes | Unused Ommaya (N=48) | Used Ommaya (N=75) | P value Sig.
Age 52.40 + 15.04 54.64 + 13.41 0.3898 ns
Gender Male 31 (64.6%) 52 (69.3%) 0.5833 ns
Female 17 (35.4%) 23 (30.7%) ns
Inpatient Time 16.46 £ 9.177 25.65 £ 12.57 <0.0001 ok
Hypertension +) 33 (68.8%) 63 (84.0%) 0.0727 ns
-) 15 (31.2%) 12 (16.0%)
UK_Use +) 5 (10.4%) 44 (58.7%) <0.0001 oo
) 43 (89.6%) 31 (41.3%)
VP Shunt +) 9 (18.8%) 22 (29.3%) 0.2085 ns
(-) 39 (81.2%) 53 (70.7%)
Intracranial Infection (+) 6 (12.5%) I (14.7%) 0.7951 ns
-) 42 (87.5%) 64 (85.3%)
GCS 11.92 + 1.724 8.920 + 2.954 <0.0001 ok
mGS_before 1421 + 3.831 16.31 + 5.342 0.0035 ok
mGS_3d 11.17 £ 4.091 13.48 + 5.356 0.0139 *
mGS_7d 6.688 + 3.909 9.027 + 5.128 0.017 *
mGS_diff. 7.521 * 3.579 7.280 + 4.558 0.5855 ns
GOS_after 3 months 3.917 £ 0.9639 3.107 + 0.9526 <0.0001 ik
EVD_Time 9.208 + 2.760 10.60 + 4.233 0.1096 ns

Notes: (+) denotes the patient group who has the variables; (-) denotes the patient group who does not have the variables; ns means no
significance; *denotes for “P<0.05”; **denotes for “P<0.01”; ****denotes for “P<0.0001".

Abbreviations: GCS, the Glasgow Coma Scale; mGS, the modified Graeb Score; GOS, the Glasgow Outcome Scale; EVD, external
ventricular drain; UK, intraventricular urokinase therapy; VP shunt, ventriculoperitoneal shunt.

found in age, sex, hypertension, LOE, or permanent shunting between the Ommaya-used and Ommaya-unused groups
(p>0.05). In this retrospective study, there were no reports of occlusion during Ommaya use, which may be due to the

low incidence or neglect of recording.

Imaging Evaluation
Figure 2 and Table 1 summarize the performances between the groups regarding the different clinical scores recorded at
different times during the course. The mGS before the operation in the Ommaya-unused group (14.21 + 3.831) was
significantly lower than that in the Ommaya-used group (16.31 + 5.342) (Figure 2D, p<0.01). Significant differences were
also found in the 3-day mGS (11.17 +£4.091 vs 13.48 + 5.356) and 7-day mGS (6.688 + 3.909 vs 9.027 + 5.128) postoperatively
between the groups, and the Ommaya-used group had higher scores (Figure 2E and F, p<0.05). However, no significance
difference was found between the baseline mGS and the mGS 7 days later (Figure 2C), although marginal differences were
found when comparing the mGS before drainage, and 3-day and 7-day mGS separately. Typical CT imaging of IVH patients
before surgery and 3d, and 7d after surgery in Ommaya-used group and Ommaya-unused group are shown in Figure 3.
There were more patients in the Ommaya-used group who underwent intraventricular urokinase therapy (44/75) than
that in the Ommaya-unused group (5/48), and this was a significant difference (p<0.0001).

Clinical Outcome

To perform the multiple linear regression analysis, the postoperative GOS was used as the dependent variable, and
relevant clinical factors were included as independent variables after being selected based on variance inflation factors
(Table 2). The patients in the Ommaya-used group showed a lower 3-month GOS (3.107 + 0.9526) than those in the
Ommaya-unused group (3.917 £+ 0.9639), which showed a significant difference (Figure 2B, p<0.0001). The multiple
linear regression revealed that patients with a longer LOS and LOO had significantly worse outcomes (p<0.01). In the
multiple linear regression, there was a close correlation between the GCS and 3-month GOS (p<0.0001).
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Figure 2 Performance comparison between the groups regarding the different clinical scores recorded at different times during the course with univariate analysis. The
patients in the Ommaya-used group showed a lower the GCS before drainage (A), 3-month GOS (B) than those in the Ommaya-unused group. No significance difference
was found between the baseline mGS and the mGS 7 days later (C), although there were significant differences in the mGS before drainage (D), 3-day mGS (E) and 7-day
mGS (F) postoperatively between the groups. n.s. denotes for no significance; *denotes for “P<0.05"; **denotes for “P<0.01”; ****denotes for “P<0.0001".

In the binomial logistic regression analysis (Figure 4), the preoperative GCS was supposed to be the main significant
predictor in the model (p<0.001), while the preoperative mGS was found to be marginally significant (p = 0.086). The
model showed a satisfying performance in predicting the usage of Ommaya reservoir. The model achieved 0.74 accuracy,
0.79 specificity, 0.67 sensitivity, and 0.82 AUC when the cutoff value was set to 0.5 (Figure 2).

In the multiple linear regression, all variance inflation factors were <5, and there was no multicollinearity among all
the independent variables. Residuals of the model passed the normality test (D’ Agostino-Pearson omnibus test, p=0.67).
The results showed that the GCS, LOO, age, and LOS were the main statistically significant factors in the regression
analysis, accounting for 63.3% of the variation in the GOS score. The preoperative GCS score had the largest weight in

the regression equation, which indicates its prominent influence on the clinical outcome.

Discussion

As the population ages, the incidence of ICH and IVH is on a rise. However, the management of IVH is still
a challenging problem. IVH is a serious event that causes sudden neurological deterioration, coma, and cerebral hernia.
Mortality rates range from 50% to 80%, and most survivors (more than 70%) are left permanently affected with varying
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Before surgery

3 d after surgery

7 d after surgery

Ommaya-used group Ommaya-unused group

Figure 3 Imaging of IVH patients shown as representative cases. CT scans performed before, 3d and 7d after surgery of Ommaya-used group and Ommaya-unused group.
The mGS scores were 20 (before surgery), 16 (3d after surgery) and 5 (7d after surgery) of representative case in Ommaya-used group. The mGS scores were |3 (before
surgery), |1 (3d after surgery) and 5 (7d after surgery) of representative case in Ommaya-unused group.

degrees of disability. One consensus is that a significant accumulation of CSF and enlargement of the brain’s ventricles
are associated with poorer outcomes, and individuals who have these complications have the highest death rates.
Historically, the placement of an EVD has been the most prevalent method for managing IVH as it facilitates CSF
clearance until a decision regarding the necessity of permanent shunt placement is made.'” Despite some authors
reporting satisfactory outcomes with the use of endoscopic suction-irrigation techniques, limitations associated with
this treatment have been well-documented in literature.'® 2° These limitations include difficulty in mobilizing solid clots
that are adhered to the ventricular walls using the small instruments available through the endoscope’s working channel.
Additionally, endoscopic equipment is relatively expensive and may not be accessible in all medical institutions.

In recent decades, the combination of an Ommaya reservoir and conventional EVD with urokinase (UK) in IVH
patients has been widely applied at multiple medical centers.>' >> Some studies have suggested that this approach can
shorten the duration of conventional EVD, increase IVH clearance, reduce the incidence and mortality of hydrocephalus,
and result in good clinical outcomes without increasing the risk of ventriculitis infection.”® However, these studies have
small sample sizes, and a further validation is needed. In some cases, Ommaya device is not used after implantation, only
aiming to prevent the uncertain risk of hydrocephalus, which may bring little treatment benefit compared with the high
operation risks especially for elderly patients. Given the potential abuse of Ommaya reservoir, we consider it substantial
to examine whether the Ommaya system has been used appropriately, whether there is abuse, and whether there are
certain indicators that can predict Ommaya use.

Reducing the number of patients who need permanent CSF diversion may potentially decrease the amount of shunt
complications, the incidence of poor neurological outcomes and overall health-care costs.”” >’ In our study, 25% of the
IVH patients ultimately underwent permanent hydrocephalus shunt surgery, and this finding is basically consistent with

Table 2 Linear Regression Analysis Between Independent Clinical Factors and Clinical Outcomes

Variable Estimate | Standard Error | 95% Confidence Interval It] p value Sig.
Intercept 2.771 0.6928 1.397 to 4.144 3.999 0.0001 ok
GCs 0.1763 0.03742 0.1021 to 0.2505 4711 <0.0001 oK
Ommaya_Time | 0.03628 0.01189 0.01271 to 0.05985 3.052 0.0029 o
Age —0.01466 0.006379 —0.02731 to —0.002014 2.298 0.0235 *

Inpatient_Time | —0.03394 0.009355 —0.05248 to —0.01539 3.628 0.0004 ok

Note: R? = 0.6332, Rzad] = 0.5818, SSregression/SStoral = 82.32/130, F = 12.31, p < 0.0001. *denotes for “P<0.05”; **denotes for “P<0.01";
*#denotes for “P<0.001"; ****denotes for “P<0.0001".
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Figure 4 Binomial logistic regression analysis for predicting the probability of using Ommaya. The omnibus likelihood ratio tests showed that the preoperative GCS was the
main significant predictor in the model (p<0.001), and the preoperative mGS was marginally significant (p = 0.086). The model showed satisfactory performance in predicting
the usage of the Ommaya reservoir. The model achieved an AUC of 0.82 (A), and an accuracy of 0.74, a specificity of 0.79, a sensitivity of 0.67 (B), when the cut-off value
was set to 0.5.

previous literature reports. The early removal of conventional EVD followed by the use of an Ommaya reservoir for CSF
drainage likely reduces the need for a permanent VP shunt.*>*' However, our study found that Ommaya usage in patients
with IVH was not associated with early removal of EVD and a lower risk of shunt dependency. Notably, deferred
removal of EVD potentially increases the risk of ventriculitis.**** Ommaya drainage was expected to reduce the
incidence of intracranial infection,*® but the Ommaya-use group did not show a difference in infection in our study,
which indicated that prolonged drainage time may not increase the risk of ventriculitis when using the Ommaya reservoir.
More intraventricular UK injections were performed in the Ommaya-use group, which did not increase the infection risk
when using the clinical procedure in our study.

It is well established that a large volume of IVH is strongly associated with poor neurological outcomes.>>*® Previous
studies have shown that administering thrombolytic agents directly into ventricles can effectively accelerate the clearance
of IVH and improve drainage.?” In our study, patients in the Ommaya-use group suffered more severe IVH attacks, and
the mGS score of the Ommaya-use group was always higher than that of the Ommaya-unused group before and after
surgery, but the gap between them tended to decrease after surgery. The difference in mGS between the groups was
statistically significant before the operation (p<0.01), but not after the operation (p>0.05), indicating that the Ommaya
drainage was effective in reducing the amount of blood in the ventricles. However, the mGS score did not show
a significant correlation with the 3-month GOS (p>0.05), suggesting that the amount of blood in the ventricles was not
a good predictor of the functional outcome of the patients. Therefore, the mGS score could be used as a measure of the
severity of IVH and the efficacy of the Ommaya drainage, but not as a clinical indicator for selecting the patients who
might benefit from the Ommaya drainage, or for assessing their prognosis. A higher ratio of UK injection in the
Ommaya-treated group reflected the practicality and effectiveness of the Ommaya reservoir. The combination of
Ommaya and EVD with UK hastened the clearance of intraventricular hematomas, but the efficiency of this technique
needs further evaluation through additional prospective studies.

Patients in the group that did not use the Ommaya drainage system had better clinical outcomes, as evidenced by
higher scores on the 3-month Glasgow Outcome Scale. These results could not negate the role of Ommaya drainage
because the Ommaya drainage system is often used in patients with more severe IVH and lower Glasgow Coma Scale
scores. Results from the study suggest that patients with lower preoperative GCS scores and longer lengths of stay or
lengths of operation have worse clinical outcomes, which is consistent with expectations. Logistic regression analysis
indicated that IVH patients with lower GCS scores, rather than modified Graeb scale scores, are more likely to have the
Ommaya drainage system implanted. However, it is important to note that the Ommaya reservoir is an intracranial

implant that carries not only a short-term risk of bleeding but also a long-term risk of infection and can have a significant
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impact on patients’ psychological well-being. Therefore, finding a preoperative indicator that can predict the need for an
Ommaya reservoir in IVH patients would be beneficial in order to avoid unnecessary use of the system. We prove that the
GCS is expected to be a predictive indicator for single-center data and rigorous statistical analysis, but the specific value
has yet to be determined. In summary, the difference in GCS between the groups was statistically significant (p<0.001),
indicating that patients who received Ommaya drainage had a lower level of consciousness than those who did not. This
might imply that the Ommaya drainage was more likely to be used in patients with more severe IVH and worse
neurological status, who might have a higher risk of complications and poor outcomes. The GCS score also showed
a strong correlation with the 3-month GOS (p<0.0001), suggesting that the level of consciousness was a good predictor
of the functional outcome of the patients. Therefore, the GCS score could be used as a clinical indicator for selecting the
patients who might benefit from the Ommaya drainage, as well as for assessing their prognosis. Our study compared
EVD alone and EVD plus Ommaya drainage for IVH treatment. We found no significant benefits of Ommaya drainage in
functional outcomes, mortality, or shunt dependency. Therefore, we do not recommend routine use of Ommaya reservoirs
in IVH patients, as they may increase cost, complexity, and infection risk. However, Ommaya drainage was associated
with lower 3-month GOS, indicating higher IVH severity and worse neurological status in Ommaya patients. Thus,
Ommaya reservoirs may still help some patients with severe IVH and low consciousness, who may have higher
complications and poor outcomes. The decision to use Ommaya reservoirs should consider patient characteristics and
preferences, and Ommaya drainage availability and feasibility. We also found that preoperative GCS score was a better
predictor of Ommaya drainage use and 3-month GOS than mGS score. This suggests that consciousness level is a more
reliable and relevant indicator for selecting Ommaya patients and assessing their prognosis. By using GCS score as
a clinical indicator, clinicians could avoid unnecessary Ommaya implantations in patients with high consciousness and
good prognosis, and prioritize Ommaya implantations in patients with low consciousness and bad prognosis. This could
improve efficiency, safety, and quality of care for IVH patients, and reduce cost and burden of the health system. Our
study provides valuable information for pre-surgery decision-making and post-surgery management of IVH patients and
contributes to the improvement of clinical practice and patient care.

In many centers, the use of traditional EVD is decreasing in favor of EVD devices with intracranial pressure
monitoring capabilities. Multicenter data are needed to determine whether the use of new devices can help improve
the prognosis of IVH patients. Further exploration is required to determine whether specific thresholds of intracranial
pressure have a role in predicting the use of the Ommaya system.

This study has several limitations, mainly its retrospective and non-experimental design. There was no patient
randomization, and the surgical choice was based on experience from a single clinical center, which may not be
representative of other settings. Some patients did not receive Ommaya device utilization even though they had it
implanted, which may have affected the results. Another limitation is that it covered a long period (9 years), which may
have introduced confounding factors due to the rapid evolution of neurosurgical techniques and ICU care standards. This
study also had a small sample size, which may have reduced its statistical power and generalizability. We strongly
recommend further studies to determine the optimal treatment strategy for IVH patients, which should include treatment
randomization, larger sample size, and neurological outcome measures.

Conclusion

The study suggested that combining EVD and Ommaya drainage may be a safe and feasible treatment for IVH, but it did
not show any significant benefit in terms of shunt dependency, functional outcome, or mortality compared to EVD alone.
Therefore, our study suggests that the routine use of Ommaya reservoirs in IVH patients is not warranted and that the
decision-making regarding the use of Ommaya reservoirs should be based on the individual characteristics and
preferences of the patients. However, patients who used Ommaya reservoir had worse admission status and larger
IVH, which may have confounded the results. Further studies with larger and matched cohorts are needed to confirm the
efficacy and optimal timing of Ommaya reservoir use for IVH management.

Data Sharing Statement

The data analyzed during the current study are available from the corresponding author Jin Hu on reasonable request.
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