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Abstract
Introduction  The TROPHY registry has been established to conduct an international multicenter prospective data collection 
on the surgical management of neonatal intraventricular hemorrhage (IVH)-related hydrocephalus to possibly contribute 
to future guidelines. The registry allows comparing the techniques established to treat hydrocephalus, such as external 
ventricular drainage (EVD), ventricular access device (VAD), ventricular subgaleal shunt (VSGS), and neuroendoscopic 
lavage (NEL). This first status report of the registry presents the results of the standard of care survey of participating cent-
ers assessed upon online registration.
Methods  On the standard of treatment forms, each center indicated the institutional protocol of interventions performed for 
neonatal post-hemorrhagic hydrocephalus (nPHH) for a time period of 2 years (Y1 and Y2) before starting the active partici-
pation in the registry. In addition, the amount of patients enrolled so far and allocated to a treatment approach are reported.
Results  According to the standard of treatment forms completed by 56 registered centers,  fewer EVDs (Y1 55% Y2 
46%) were used while more centers have implemented NEL (Y1 39%; Y2 52%) to treat nPHH. VAD (Y1 66%; Y2 66%)  
and VSGS (Y1 42%; Y2 41%) were used at a consistent rate during the 2 years. The majority of the centers used at least 
two different techniques to treat nPHH (43%), while 27% used only one technique, 21% used three, and 7% used even four 
different techniques. Patient data of 110 infants treated surgically between 9/2018 and 2/2021 (13% EVD, 15% VAD, 30% 
VSGS, and 43% NEL) were contributed by 29 centers.
Conclusions  Our results emphasize the varying strategies used for the treatment of nPHH. The international TROPHY reg-
istry has entered into a phase of growing patient recruitment. Further evaluation will be performed and published according 
to the registry protocol.
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Introduction

Neonatal IVH with consecutive hydrocephalus is a  
complex disease in respect to the fragile newborn mostly  
premature babies, which is not rarely accompanied with 
other relevant comorbidities. Previous surveys as well 
as the recent guidelines of the treatment of pediatric 

hydrocephalus have shown that no consistent treatment 
recommendations currently exist for the treatment of 
neonatal posthemorrhagic hydrocephalus (nPHH) [1–3].  
The major aims of the neurosurgical treatment are to reduce  
secondary brain damage by stabilizing the hydrocephalus  
and avoiding treatment-related complications. Future  
perspective must be directed towards establishing a better 
standardized guideline [4].

The long-term goal of the TROPHY registry is to con-
tribute substantial data to further develop treatment guide-
lines for neonates with posthemorrhagic hydrocephalus [5]. 
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This status report presents the data resulting from the stand-
ard of treatment forms to show the distribution of surgical 
techniques used at the participating centers before active 
participation as well as the current status of data collection 
indicated by the number of centers and patients included so 
far in the TROPHY registry.

Methods

The TROPHY registry was introduced to facilitate a pro-
spective comparison of the most established methods of 
the neurosurgical treatment of nPHH in an international 
multicenter context. Through an online-based process of 
data collection and evaluation, external ventricular drainage 
(EVD), ventricular access device (VAD), ventricular sub-
galeal shunt (VSGS), and neuroendoscopic lavage (NEL) 
will be compared at the participating centers, with respect 
to perioperative complications, mortality, shunt depend-
ency, amount of shunt revisions, ventricular width at 6, 12, 
and 24 months and neurological outcome at 24, 36, and 
60 months [5].

Infrastructure

A password-protected access to the online registry appli-
cation is provided for the participating centers via https://​
trophy-​regis​try.​org. FileMaker® Server software is used for 
the central data server hosted at the Charité Universitäts-
medizin (Berlin, Germany). Data privacy is guaranteed by 
SSL encryption. Once included in the registry, patients’ data 
are pseudonymized via an automatically generated case ID 
and recorded in electronic case report forms (eCRF).

During the first step of online registration, each center 
has to complete an eligibility form stating their standard 
treatment for nPHH during the two previous years before 
active participation can be initiated. These data include the 
following:

•	 total amount of neurosurgical interventions performed in 
neonates

•	 total amount of neuroendoscopic interventions performed 
in neonates

•	 total amount of neurosurgical interventions in nPHH 
according to VAD, EVD, VSGS, NEL, or other specific 
techniques

•	 shunt rate for nPHH from individual experience

Status

For evaluating the current status of the registry, the number 
of patients entered from 9/2018 to 2/2021 in the database 

was evaluated, including the initial interventions performed 
for nPHH.

Statistics

All values are given as median and range. Possible differ-
ence between the numbers of interventions per year was 
assessed by Wilcoxon matched paired test. The propor-
tion of centers using a specific intervention per year was 
evaluated by chi-square test. For graphical illustration, the 
software Prism 8 (GraphPad, USA) or Excel (Microsoft, 
USA) was utilized.

Results

From September 2018 to February 2021, a total of 56 
centers completed an eligibility form stating the standard 
treatment each center used before active participation in 
TROPHY. Twenty-nine centers have been actively con-
tributing cases. In terms of international distribution for 
registration, the three most active countries are Germany, 
Russia, and the USA, while the most actively contributing 
countries are Russia, Germany, and Italy as well as Austria 
(Fig. 1A, B).

For these 56 centers, the number of annual interventions 
per center according to the standard treatment forms was 
35 ± 42 neurosurgical interventions for both years and 9 ± 14 
neuroendoscopic interventions in year 1 (Y1) and 11 ± 16 in 
year 2 (Y2).

An overview of the different treatment options for nPHH 
is given in Table 1. Compared to the initially utilized inter-
ventions, there was a non-significant decrease in the percent-
age of centers that used EVD from year 1 to year 2 (55% vs. 
46%) with a median number of interventions per center of 
4 (1–34) in Y1 and 4.5 (1–32) in Y2. VAD (Y1 66%; Y2 
66%) and VSGS (Y1 43%; Y2 41%) were used in a similar 
percentage of centers in both years with a similar median 
number of interventions per center (VAD: Y1: 5(1–29); Y2: 
4(1–32); VSGS: Y1: 7(1–32); Y2: 6(1–49)). For NEL, there 
was a non-significant increase in the percentage of centers 
using this technique (Y1 39%; Y2 52%; p = 0.055), and there 
was a significantly greater median number of intervention 
per center (Y1 3(1–15); Y2 3(1–17); p < 0.01). Other tech-
niques were used in 13 (23%) centers with similar number of 
interventions per center each year (Y1 5(1–17); Y2 4(1–21)). 
Among those, 6 centers used initial shunting, 2 endoscopic 
ventriculocisternostomy (ETV), 2 ETV and choroid plexus 
coagulation (CPC), 1 drainage irrigation fibrinolytic therapy 
(DRIFT) protocol, 1 septostomy, and 1 without specification.  
The estimated shunt dependency rate of 54 centers 
exhibited a median of 75% (range 20–100%). In most  
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of the centers, 2 different techniques for initial treatment of 
nPHH were used (n = 24). Only 14 centers were dedicated 
to one technique while 12 centers used 3 techniques and 
4 centers used 4 different techniques for the treatment of 
nPHH (Fig. 2).

During the active enrolment of patients into the TROPHY 
registry, 110 patients have so far been included over 973 days 
from 29 centers (Fig. 3A). The proportion of techniques used is  
NEL in 42.7%, VSGS in 30%, VAD in 14.5%, and EVD in 
12.7% (Fig. 3B).

Discussion

The first evaluation of the standard treatment forms filled-
in by the centers upon registration for TROPHY as well 
as the activity for patient enrollment provides an overview 

of the current status of the registry. We are more than 
grateful for all the participating centers from all over the 
world. The initial interest in study participation is reflected 
by the high number of centers registered so far. Of these 
centers, a little more than half are actively contributing 
centers, which largely relates to the different administra-
tive processes and local regulatory rules necessary before 
study participation can be started.

The results from the standard treatment form show 
the heterogeneity of different approaches among the 
centers as well as within the centers for the treatment of 
nPHH. The fact that only 14 centers were dedicated to one 
technique, and most were using two or more techniques 
reflects heterogeneous patients or heterogenous philoso-
phies or both. In addition, we have seen that there is some 
dynamic change in the utilization of neuroendoscopic 

Fig. 1   International participation in the TROPHY registry. A Distribution of centers per country registered. B Amount of cases enrolled per 
country

Table 1   Treatment regimen for 
nPHHC

* p < 0.05 versus Y1; **p = 0.06 versus Y1
a Shunt: n = 6; endoscopic third ventriculocisternostomy and choroid plexus coagulation (ETV + CPC): 
n = 2; endoscopic third ventriculostomy (ETV): n = 2; drainage, irrigation, and fibrinolytic therapy 
(DRIFT): n = 1; septostomy: n = 1; not specified: n = 1

Interventions in neonates Centers providing technique
n (%)

Interventions conducted per 
center
median (range)

Year 1 Year 2 Year 1 Year 2

External ventricular drainage 31 (55) 26 (46) 4 (1–34) 4.5 (1–32)
Ventricular access device 37 (66) 37 (66) 5 (1–29) 4 (1–35)
Ventricular subgaleal shunt 24 (43) 23 (41) 7 (1–32) 6 (1–49)
Neuroendoscopic lavage 22 (39) 29 (52) ** 3 (1–15) 3 (1–17)*
Other interventionsa 13 (23) 13 (23) 5 (1–17) 4 (1–21)
Shunt dependency rate n = 54 71% (20–100)
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lavage, which was more often used in the second year 
before TROPHY participation compared to the first year. 
This might reflect promising results published recently 
on this technique [6–10]. For the other techniques, VAD 
and VSGS appeared to be used consistently across the 
2 years, while EVD was used non-significantly less in the 
second year, which is in line with recent reviews about 
the topic [4, 11].

It is too early to speculate the degree to which, for 
example, very low birth infants are treated differently 
at registry centers compared to nearly term infants with 
IVH. It is also not clear if neonates with high amount of 
blood volume intraventricularly might need more aggres-
sive interventions compared to low grade IVH neonates. 

Such questions remain in the individual decision making 
of the centers or the surgeons but will need further inves-
tigation in the future. Thus, the necessity of generating 
recommendations for a standardized guideline through an 
international registry study like TROPHY is emphasized.

The activity for TROPHY registry has shown to be 
decent so far. Further enthusiasm and support of activ-
ity are necessary in the future in order to keep the pace 
for  sufficient data acquisition. The recently published data 
from the DRIFT cohort 10 years follow-up suggest that 
more aggressive evacuation of blood from the ventricles 
in the early phase of nPHH might lead to ongoing decrease 
in severe disability resulting from the initial burden of 
the disease [12, 13] and a decrease in health care costs 
for these chronically affected children. We hope that the 
TROPHY registry might also be able to answer questions 
like this for the widely used techniques for management 
of nPHH.

The shunt rate from the survey shows a median of 75% 
with quite a wide range. These numbers must be inter-
preted with caution since it may reflect an individual view 
rather than a careful retrospective evaluation of data. 
In the DRIFT long-term evaluation, the shunt rate was 
39% in the DRIFT group and 33% in the control group, 
respectively [13]. It will be important to elucidate if shunt 
dependency at all is a relevant outcome parameter or if 
a reasonable neurocognitive development will be much 
more important to achieve with or without a shunt. Future 
investigations will have to compare their results to the 
DRIFT data to find out if any other technique of early 
treatment of nPHH will lead to similar results in long 
term. TROPHY will remain active to contribute to this 
challenge in the future.

Fig. 2   Number of different interventions used per center according to 
the standard treatment forms

Fig. 3   A Total number of 
patients enrolled in the TRO-
PHY registry over time. B 
Techniques used as initial treat-
ment for nPHHC in the enrolled 
patient cohort
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