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Impact of Comorbidities and Frailty on Early Shunt Failure in Geriatric Patients With Normal Pressure Hydrocephalus












	
	ORIGINAL RESEARCH
published: 30 November 2020
doi: 10.3389/fmed.2020.596270






[image: image2]

Impact of Comorbidities and Frailty on Early Shunt Failure in Geriatric Patients With Normal Pressure Hydrocephalus

Alexis Hadjiathanasiou1*†, Fatma Kilinc2†, Bedjan Behmanesh2, Joshua Bernstock3, Erdem Güresir1, Muriel Heimann1, Jürgen Konczalla2, Elisa Scharnböck1, Matthias Schneider1, Leonie Weinhold4, Volker Seifert2, Hartmut Vatter1, Florian Gessler2‡ and Patrick Schuss1‡


1Department of Neurosurgery, University Hospital Bonn, Bonn, Germany

2Department of Neurosurgery, University Hospital Frankfurt, Frankfurt am Main, Germany

3Department of Neurosurgery, Brigham and Women's Hospital, Boston, MA, United States

4Institute for Medical Biometry, Informatics and Epidemiology (IMBIE), University Hospital Bonn, Bonn, Germany

Edited by:
Matteo Cesari, University of Milan, Italy

Reviewed by:
Jonathan Singer, University of California, San Francisco, United States
 Sarah Damanti, University of Milan, Italy

*Correspondence: Alexis Hadjiathanasiou, alexis.hadjiathanasiou@ukbonn.de

†These authors have contributed equally to this work and share first authorship

‡These authors have contributed equally to this work and share last authorship

Specialty section: This article was submitted to Geriatric Medicine, a section of the journal Frontiers in Medicine

Received: 18 August 2020
 Accepted: 11 November 2020
 Published: 30 November 2020

Citation: Hadjiathanasiou A, Kilinc F, Behmanesh B, Bernstock J, Güresir E, Heimann M, Konczalla J, Scharnböck E, Schneider M, Weinhold L, Seifert V, Vatter H, Gessler F and Schuss P (2020) Impact of Comorbidities and Frailty on Early Shunt Failure in Geriatric Patients With Normal Pressure Hydrocephalus. Front. Med. 7:596270. doi: 10.3389/fmed.2020.596270



Background/Aim: Older patients are considered to bear a higher perioperative risk. Since idiopathic normal pressure hydrocephalus (NPH) predominantly concerns older patients, identifying risk factors for early shunt failure for preoperative risk/benefit assessment is indispensable for indication and/or consultation of patients for ventriculoperitoneal shunting (VPS).

Methods: We performed a retrospective study design, including data acquired from two university hospital neurosurgical institutions between 2012 and 2019. Overall, 211 consecutive patients with clinical/radiological signs for NPH who additionally showed alleviation of symptoms after lumbar cerebrospinal fluid (CSF) drainage, received VPS and were included for further analysis. Frailty was measured using the Clinical Frailty Scale (CFS). Main outcome was early shunt failure or post-operative complications within 30 days after initial VPS surgery.

Results: The overall complication rate was 14%. Patient-related complications were observed in 13 patients (6%) and procedure-related complications in 16 patients (8%). Early post-operative complications resulted in a significantly prolonged length of hospital stay 6.9 ± 6.8 vs. 10.8 ± 11.8 days (p = 0.03). Diabetes mellitus with end-organ damage (OR 35.4, 95% CI 6.6 – 189.4, p < 0.0001) as well as preexisting Parkinson's disease were associated with early patient-related post-surgical complications after VPS for NPH.

Conclusions: Patients comorbidities but not frailty were associated with early post-operative patient-related complications in patients suffering NPH. While frailty may deter patients from other (neurosurgical) procedures, VPS surgery might contribute to treating NPH in these patients at a tolerable risk.
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INTRODUCTION

Normal pressure hydrocephalus (NPH) is a neurological syndrome in older patients characterized by ventriculomegaly and the clinical features of cognitive impairment, gait disturbances and/or urinary incontinence (1). Despite radiological signs of ventricular enlargement, patients suffering from NPH by definition do not exhibit increased intracranial pressure (ICP). The well-established treatment of NPH consists in the continuous drainage of cerebrospinal fluid (CSF), e.g., in the terms of a ventriculoperitoneal shunt (VPS). Given an adequate preoperative patient selection, an improvement of preoperative symptoms might be expected in up to 90% of cases (2). There are numerous, but not yet conclusive studies on the predominant fundamental discussions on potentially suitable valves and pressure settings to positively influence the neurological outcome and avoid long-term complications (2–5).

Despite its elective nature, VPS implantation is fraught with the risk of post-operative complications (infection, hygroma, under-, or overdrainage), which are reported to be as high as 38% (3, 4). The potentially positive effect of VP shunt implantation may be negated by the reported increased post-operative complication rate. To efficiently reduce the perioperative morbidity of VPS surgery in patients with NPH, a specific focus should also be placed on potential risk factors and thus avoid short-term post-operative complications. Further, the age distribution of NPH suggests that apparently older patients are most often affected (6). In addition to the increased likelihood of post-operative complications in older patients, complications in these patients may have a potentially higher impact due to a presumably reduced resilience (7). Next to age, scores measuring patient frailty are increasingly utilized to preoperatively identify patients potentially showing adverse events over the course of their treatment. Frailty is indicated by a decline in an individual's homeostatic reserves and results in an increased vulnerability to endogenous/exogenous stressors (8). Ultimately, despite several operational definitions of frailty, there is none that can serve as gold standard (9). Frailty attempts to quantify and measure biological age rather than relying on the purely chronological age (10). In various studies and as reviewed by Pazniokas et al. frailty has shown a superior predictive value of the decline in self-management when compared with the traditional metric of age (10, 11). Nevertheless, the literature on early post-operative complications/shunt failure in patients with NPH is scarce, in part due to different definitions of post-operative complications/adverse events.

In this study, we are examining the older patient cohort of two university hospitals to identify factors that may allow early detection of patients with NPH and an increased risk of post-operative complications/shunt failure.



METHODS


Study Setting and Sample

A retrospective institutional database search was conducted to determine all VPS surgeries for NPH performed in older patients (aged ≥ 65 years) between January 2012 and December 2019 in two neurosurgical tertiary centers. Patients who underwent ventriculoatrial shunting, lumboperitoneal shunting, and/or endoscopic third ventriculostomy were excluded from further analysis.

Information, including patient characteristics on admission and during treatment course, radiological features, laboratory values, presenting symptoms, functional neurological status on admission, shunt valve, initial opening pressure setting, and occurrence of early post-operative complications, were collected and entered into a computerized database (SPSS, version 25, IBM Corp., Armonk, NY) after study approval by the local ethics committee. Patient comorbidities were assessed according to the Charlson comorbidity index (CCI) (12). To further evaluate the overall level of fitness/frailty in the geriatric patients studied, the Clinical Frailty Scale (CFS) was assessed as described previously (9). The CFS represents a judgment-based scale for assessing frailty. Its scores range from 1 (robust health) to 7 (complete functional dependence on others). Details of both the above assessments/frequencies are given in Supplementary Tables 1, 2.



Diagnosis of NPH

As criteria for NPH the following criteria were required: a gradually developed gait disturbance with impairment of turning and stride length/width, urinary dysfunction, a mild to moderate cognitive impairment with memory deficits and/or reduced alertness, a systematic ventriculomegaly without clinically relevant parenchymal lesions, a lack of occlusion in the ventricular system and an Evans' index > 0.30. Subsequently, patients underwent lumbar CSF drainage (5–10 ml/h) for 3 days or spinal tap test (STT). Thereafter, the above-mentioned criteria were clinically re-evaluated. In the case of an objectively detectable improvement (gait pattern, psychometric functions), implantation of VPS was indicated. For further analysis, patients with NPH were divided into two groups including patients with typical complete Hakim triad symptoms (gait disturbance, cognitive impairment, and urinary dysfunction) and patients with incomplete Hakim triad symptoms.



VPS Surgery

All patients with NPH who underwent ventriculoperitoneal shunt implantation were included in further analysis. VPS was placed primarily in the right frontal horn as previously reported (13–15). The accuracy of ventricular catheter placement was evaluated post-operatively as previously described (16). Programmable (Hakim-Medos/Certas, Johnson & Johnson) as well as non-programmable shunt valves (OSV II, Integra Neurosciences) were implanted in patients with NPH. Furthermore, an additional antisiphon device (ASD) was implanted alongside with the VPS in some patients. The decision on the shunt valve/ASD depended on the preference of the treating neurosurgeon and the discretion/standard operating procedure of the collaborating centers. The threshold values for the opening pressure of gravitational units/programmable valves were also decided at the discretion of the respective collaborating centers. The manufacturers' recommendations were followed throughout the treatment process. Each patient received a post-operative cranial CT scan to verify the correct position of the intracranial catheter as well as X-ray scans of head/neck, chest and abdomen to ensure correct shunt alignment and intraabdominal catheter positioning.



Definition of Post-operative Complication

Outcome of interest in the present study were short-term post-operative complications or shunt failure defined as any adverse event that resulted in a surgical procedure to revise the shunt and/or address the complication. Only complications/adverse events observed within the first 30 days after VPS surgery were included in the present analysis. Early post-operative complications were further categorized as procedure-related (malposition, material failure) and patient-related complications (bleeding, infection). For further exploratory analysis regarding potential influencing factors, only patient-related complications were considered. Procedure-related complications are presented hereafter solely for the purpose of full coverage.



Statistics

Data analyses were performed using the computer software package SPSS (version 25, IBM Corp., Armonk, NY). As the continuous variables could not be assumed to be normally distributed (graphical inspection), Mann–Whitney U-tests were used to compare patients without early post-operative complications with patients with early post-operative complications. Categorical variables were analyzed in contingency tables using Fisher's exact test. Results with p < 0.05 were considered statistically significant. Patients with incomplete data sets were excluded from further analysis. An additional exploratory multivariate analysis, a binary logistic regression was conducted to determine independent predictors of patient-related post-operative complications in older patients with NPH. The covariate selection was determined by available knowledge (17) and included the following potential confounders: sex (18), anticoagulant medication prior surgery (19), diabetes mellitus (20), pre-existing Parkinson's disease (21), and surgery beginning before 10 a.m. (22). To specifically investigate of the association between frailty and patient-related post-operative complications, we additionally performed an ordinal regression analysis.




RESULTS


Patient Characteristics

Between 2012 and 2019, 211 geriatric patients suffering from NPH underwent VPS surgery in both facilities. Of those, 114 (54%) patients with NPH and subsequent VPS surgery presented with complete Hakim triad symptoms, while 97 (46%) patients presented with an incomplete symptom triad complex. The mean Evans' index was 0.37 ± 0.07. Further details on patients with NPH and VPS surgery are given in Table 1.


Table 1. Baseline patient characteristics.
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Patient Frailty

Patient frailty was assessed as described in the methods section of the manuscript. All patients (100%) displayed at least some degree of frailty (CFS ≥ 3). Of note, 40 patients (19%) displayed a significant degree of frailty with a CFS of 6 indicating help with all outside activities and with keeping house. Detailed information on the degree of frailty is given in Figure 1.


[image: Figure 1]
FIGURE 1. Distribution of patient CFS. Histogram of clinical frailty score. This histogram demonstrates the distribution of patient CFS among patients undergoing surgery for VPS placement to treat NPH.




Early Post-operative Complications

Overall, 29 out of 211 patients (14%) with NPH developed an early post-operative complication leading to shunt failure within the first 30 days after initial VPS surgery. In detail, post-operative complication with shunt failure consisted of VPS infection/meningitis in 5 patients (2%), intraparenchymal hemorrhage in 4 patients (2%), subdural hematoma/hygroma in 3 patients (1%), and injury to the intestines in 1 patient (<1%). Further details are presented in Table 2. Early post-operative complications after VPS surgery for NPH occurred after a median of 12 days after the initial surgery and resulted in a significantly longer length of hospital stay (6.9±6.8 days vs. 10.8±11.8 days; p = 0.03).


Table 2. Early post-operative complications with surgical consequences.
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Influence of Perioperative Parameters

Routine preoperative laboratory tests indicated no association with early post-operative complications (data not shown).

The choice of the implanted valve did not influence the early post-operative complication rate. In detail, no significant difference in early post-operative complication was observed between patients undergoing implantation of a fixed or an adjustable valve were observed. Further, no significant association between the different adjustable valves with early post-operative complications was observed (p = 0.8). The duration of VPS surgery did not differ between patients with or without early post-operative complications (p = 0.7). No difference was observed between patients undergoing VPS surgery at the initial case of a day or later during the day regarding early complications (p = 0.4).

The catheter position was assessed using the Hayhurst shunt grading system at the post-operative computed tomography (CT). Overall, 155 (73%) ventricular catheters were positioned optimally with free-floating in CSF, 50 (24%) touching the choroid or ventricular wall and 6 (3%) intraparenchymal. Revision surgery was carried out in three cases with intraparenchymal position (Hayhurst grade 3). In the other three cases, no revision surgery was carried out, because of a partial contact of the catheter to the CSF and sustained functionality.



Influence of Comorbidity Burden

Despite the focus on VPS surgery, a previous abdominal surgery did not have a significant impact on the post-operative complication rate.

Neither a higher CCI nor an age adjusted CCI was associated with a higher rate of post-operative complications (Table 3). American society of anesthesiologists physical score (ASA) indicated no influence on post-operative complications. Most patients (66%) presented with an ASA score of I-II and 72 (34%) patients with an ASA score of III. None of the patients treated presented with an ASA score IV.


Table 3. Comparison of patients with and w/o early post-operative complications.
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In total, 70 NPH patients (33%) suffered from pre-existing diabetes mellitus (DM) of which 7 patients presented with DM associated with end-organ damage (3%). Patients with early post-operative complications suffered significantly more often from DM with end-organ damage when compared to patients without post-operative complications (21 vs. 0.5%, OR 47.2, 95% CI 5.4–410.1, p < 0.001, Table 3).



Multivariate Analysis

We performed a multivariate logistic regression analysis of those variables that were considered to be potentially associated with patient-related complications based on available knowledge. The multivariate analysis revealed “diabetes mellitus with end-organ damage” (OR 35.4; 95% CI 6.6–189.4; p < 0.0001) as well as “pre-existing Parkinson's disease” (OR 6.6; 95% CI 1.2–37.2; p = 0.03) as significant and independent predictors for early post-operative patient-related complications after VPS surgery for NPH (Nagelkerke's R2 0.22). Ordinal regression analysis revealed no significant association of patient-related post-operative complication with severity of frailty according to the CFS (OR = 0.982, CI 0.355–2.721, p = 0.973).




DISCUSSION

VPS placement is the most established surgical treatment of NPH. Although published improvement rates after such surgery are high, some studies cautioned against a potentially significant complication rate (2–4). Therefore, great interest arises to identify possible factors that predict early VPS failure and post-operative complications. These have a great impact on this particular patient population, as it is an elderly, sometimes highly pre-morbid group of patients. Due to the expected increased probability of complications, a better risk/benefit assessment of VPS surgery in older NPH patients is therefore possible if potential risk factors are known.

Complications after shunt surgery can be differentiated between symptomatic and only radiologically diagnosed, necessity of surgical (re-)intervention, early (occurring in the first 30 d) and late. The EU-iNPH study (n = 142) revealed that a large proportion of complications appear to occur within the first post-operative month (23). The same study reported an overall complication rate of 28%, with hygromas and SDH occurring in 9 and 6%, respectively. A systematic review of the literature with 30 included studies (performed after 2006) and 1,573 patients reported an overall complication rate of 8.2% (24). We present comparable results when non-patient-related misplacement complications are excluded (6%).

To provide a solid conclusion that excludes potentially confusing factors that could result from a long observation period in NPH patients, the present analysis is limited to this first month defining complication as the necessity of a surgical treatment.


Procedure-Related Complications

One common problem in shunt patients is symptomatic under- or overdrainage. Antisiphon/antigravity devices (ASD) and adjustable valves (32% in the present study) played an important role in reducing the amount of problems associated with overdrainage. However, in the present study there was no statistical difference in the development of SDH as a sign of overdrainage in patients with or without ASD. This finding is in contrast to the results from the SVASONA study (Shunt Valves Plus Shunt Assistant vs. Shunt Valves Alone for Controlling Overdrainage in Idiopathic Normal Pressure Hydrocephalus in Adults) (5). Nevertheless, Gasslander et al. recently reported no statistical difference (p > 0.99) comparing SDH rates in NPH patients with and without ASD in 1,457 patients, which is consistent with the results of the present study (25). In addition, in some patients with NPH, the presence of a thin, non-symptomatic hygroma may be acceptable to maximize the benefit of VPS implantation (23).

The high rate of misplacement of the implanted material in this two center-study represents avoidable complications that cannot be attributed to possible risk factors of the individual patient. Nevertheless, this observation may also be a consequence of the systematic post-operative imaging controls carried out in all NPH patients, as asymptomatic patients are also detected and possibly revised in this way.



Patient-Related Complications: Diabetes Mellitus

Diabetes mellitus (DM) is a known cause of complications in the microvascular system leading to an increased risk of acute post-operative complications (19). Diabetic patients are at higher risk of infection due to impaired immune function secondary to hyperglycemia. Studies have demonstrated decreased granulocyte function and microbicidal action in diabetics (26). A recent literature review speculates on a possible ventriculomegaly-induced pituitary dysfunction, which may allow the later development of DM and thus could explain the described increased incidence of DM in the NPH population (27). In a finish cohort study, DM was found to be overrepresented in patients with NPH and more often associated with mortality (28). In the current study, DM was detected preoperatively in one third of geriatric patients (33%). Furthermore, when DM caused end-organ damage, early post-surgical patient-related complications occurred significantly more often according to the performed multivariate analysis (OR 47.2, 95% CI 5.4–410.1; p < 0.001).



Patient-Related Complications: Frailty

To our knowledge, this is the first study specifically addressing the impact of frailty on the post-operative course of patients suffering from NPH undergoing VPS surgery (10). The present analysis demonstrated no significant association between frailty and patient-related complications after VPS surgery for NPH in older patients. Within the literature on NPH, the potential influence of frailty has been almost neglected. Nevertheless, a recent study in a cohort of older adults with NPH identified a significant association between central nervous system biomechanical response and frailty. Frailty therefore does not appear to be simply a static feature, but part of a dynamic process (29). Others have studied the predictive value of frailty in comparison with other variables such as age, ASA score or CCI: while frailty may indicate an increased risk for the development of complications after surgery for neurosurgical disease (10). Ondeck et al. described that ASA and age were equivalent or better in predicting post-operative adverse outcomes (30). Further, Shimizu et al. found that age was a better predictor of poor outcome after subdural bleeding than frailty (31). As we did not operate on patients without any signs of frailty or patients with excessive frailty (i.e., CFS ≥ 7), these results may reflect the highly selected patients undergoing VPS surgery for NPH in our institutions. The true effects of frailty on the incidence of post-operative complications, especially in patients with an excessive degree of frailty need to be separately addressed, if possible, in a prospective trial. However, aside from NPH the many different measurement scales and definitions of frailty pose an additional obstacle as they impede the comparability of clinical studies (8).




LIMITATIONS

The present study has several limitations. Acquisition of data was carried out retrospectively. Patients were not randomized but treated according to the preference of the treating neurosurgeon leading to a high risk for selection bias. The use of CFS provides an individually adaptable tool for the assessment of frailty, since it belongs to the judgement-based scales regarding frailty. For this subjective judgment a certain degree of professional routine in dealing with older people is mandatory. Since the assessment in this study was not performed by geriatric specialists, the subjectivity of CFS must be mentioned as a potential limitation and source of error. In this study, only clinically relevant early post-operative complications requiring reintervention within 30 days were examined. Late complications occurring during the later course of the disease or treatment failure were therefore not included. Furthermore, the limited number of patient-related complications interferes with covariate selection for multivariate analysis. However, it is precisely this strict definition of the post-operative complication and the focus on patient-related complications that provides for comparability without other significant confounding factors. Nevertheless, the results of this study and further post-operative periods of time will need to be clarified in further studies.



CONCLUSIONS

This study provides insight into potential risk factors that could alter resource utilization and post-operative care to prevent early post-operative complications in selected NPH patients. Certain comorbidities but not frailty in patients with NPH were associated with early post-operative patient-related complications. While frailty may deter patients from other (neurosurgical) procedures, VPS surgery might contribute to treating NPH in these patients at a tolerable risk. In providing care to these patients and not refraining from surgery, neurosurgeons may improve the lives of both patients and their families.
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