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BACKGROUND AND OBJECTIVES: Dural tenting sutures are a well-known neurosurgical technique. However, claims of
them preventing extradural hematomas (EDHs) lack evidence-based support. For that reason, we decided to evaluate the
noninferiority of routinely not tenting the dura in elective supratentorial craniotomies.

METHODS: A randomized, multicenter, investigator-blinded and participant-blinded, controlled interventional trial with
1:1 allocation. We included adults undergoing elective, supratentorial craniotomies. Not tenting the dura was an in-
tervention, and the control group consisted of patients with at least 3 dural tenting sutures. The primary outcome was
the risk of reoperation because of EDH, and secondary outcomes included a selection of clinically relevant outcomes.
RESULTS: We randomized 490 patients into intervention (238, 49%, not tenting the dura) and control (252, 51%, dural
tenting) study groups, as per intention-to-treat analysis. Proportions of EDH surgeries in the intervention group were
noninferior in comparison with the control group and not significantly different using the intention-to-treat (0.8% and
0.4%, P = .98), per-protocol (0.5%, 0.4%, P > .99), and as-treated (0.5%, 0.7%, P > .99) analyses. There were no significant
differences in secondary outcomes: postoperative 30-day mortality (0.8%, 1.2%, P > .99), postoperative 30-day read-
mission (1.7%, 4.4%, P = .99), new neurological deficit or deterioration of a previous (19.7%, 15.5%, P = .81), cerebrospinal
fluid leak (1.3%, 4.4%, P > .99), deterioration of postoperative headache over 5 numerical rating scale (4.4%, 2.4%, P = .85),
epidural collection thickness over 3 mm (90.8%, 87.3%, P = .81), and midline shift over 5 mm (7.6%, 4.8%, P =.791) in the
intervention and control study groups in intention-to-treat analysis. Similarly, secondary outcomes were not different in
per-protocol and as-treated analyses. Other than cerebrospinal fluid leaks and EDHs, there were 17 adverse events in the
intervention group and 19 in the control group (intention-to-treat analysis, 7.1% and 7.5%, respectively).
CONCLUSION: This trial demonstrates the noninferiority of omitting prophylactic dural tenting for postoperative EDH
requiring surgery in elective, supratentorial craniotomies.

KEY WORDS: Craniotomy, Dural tenting sutures, Extradural hematoma, Randomized clinical trial

ABBREVIATIONS: EDH, extradural hematoma; FDR, false discovery rate; MCAR, Missing Completely At Random; POD, postoperative day; PP, per-
protocol; TOST, two one-sided tests.
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one of the well-known intraoperative neurosurgical tech-

niques. Yet, the claim of them preventing extradural hema-
tomas (EDHs) lacks evidence-based support. Accordingly, some
authors suggested that their routine use may be redundant.”
Unfortunately, none of the previous studies were properly de-
signed randomized trials.”

For that reason, we deemed it necessary to evaluate this surgical
technique in an evidence-based manner. Hence, we designed a
multicenter, randomized, prospective controlled trial with the aim
of determining whether not tenting the dura is not worse than
executing the usual method of craniotomy closure, specifically
dural tenting. In this article, we report the primary and secondary
outcomes of our trial.

I ntroduced by Walter Dandy," dural tenting sutures are among

METHODS

This is a report of a randomized, multicenter, investigator-blinded and
participant-blinded, controlled interventional trial with 1:1 allocation.
We already described its design in detail in the open-access study pro-
tocol.® Changes made after commencement include the removal of one of
the secondary outcomes: the measurement of the extradural collection
volume. This was because of its nonpractical aspect and difficult ap-
plication in a real-world scenario. In addition, we allowed the third
clinical evaluation to be conducted eatlier than 5 to 7 days postoperatively
if the patient was discharged earlier and also extended the time frame for
postoperative computed tomography (CT) scan until the third postop-
erative day (POD) (instead of the second). Except for the above-
mentioned, adding participating centers and changing recruitment status,
there were no other changes in the study protocol.

This report follows the extension of the CONSORT 2010 statement
on reporting of noninferiority and equivalence randomized trials.” This
study is registered at http://www.clinicaltrials.gov (NCT03658941), and
The Bioethics Committee of the Medical University of Warsaw (the local
institutional review board) approved the study protocol (KB/106/2018).
The interim monitoring results were presented during the European
Association of Neurological Surgeons 2020 conference, and the study was
continued.

Inclusion and Exclusion Criteria

We included adults who had had fulfilled all the following criteria:
male or female older than 18 years and younger than 75 years, qualified
for an elective supratentorial craniotomy with a diameter of at least 3 cm,
Glasgow Coma Scale 15 preoperatively, and modified Rankin scale 0, 1,
or 2 preoperatively. We excluded patients in case of coagulation ab-
normalities before the surgery, revision craniotomy, or skull base surgery.
There were no previous trials that had established the efficacy of dural
tenting (ie, reference treatment). Written consent was obtained from each
participant.

Intervention

In this trial, not tenting the dura was considered an intervention. This
design choice emerged from the fact that dural tenting has been regarded
as a neurosurgical standard for decades. The control group consisted of
patients with at least 3 dural tenting sutures.
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Clinical and Radiological Evaluation

We performed 3 neurological examinations: the first examination
1 day before surgery, the second 1 day after surgery, and the final between
5 and 7 days after surgery. The final clinical evaluation could have been
performed earlier if the subject was discharged before the scheduled
evaluation. Each of these visits documented the following neurological
examinations: Glasgow Coma Scale, modified Rankin Scale,® headaches
according to the numerical rating scale?, and the muscle power in each
limb according to the Medical Research Council System.'®

The radiological evaluation included midline shift measurement on
the most recent preoperative imaging (either MRI or CT) and the
postoperative CT completed according to the trial schedule.

Primary and Secondary Outcomes

The primary outcome is the risk of reoperation because of EDH (EDH
occurrence) evaluated during postoperative hospitalization. Secondary
outcomes include:

1. Postoperative 30-day mortality

2. Postoperative 30-day readmission to a neurosurgical or neuro-
logical department

3. New neurological deficit or deterioration of a preoperative deficit,
as evaluated on POD 5 to 7.

4. Cerebrospinal fluid leak requiring treatment.

5. Increase of intensity of postoperative headaches over 5 on the

numerical rating scale from baseline.

Extradural collection thickness >3 mm.

7. Midline shift >5 mm.

o

Missing Data

Missing data were visualized using the naniar package'' and analyzed
using the misty package'? with Litde Missing Completely At Random
(MCAR) test. Visual inspection, expert opinion, and result of the MCAR test
showed that data were not MCAR. There seemed to be a relationship between
the number of missing data in primary and secondary outcomes (eight vari-
ables), allocation, and study center (MCAR test result 2= .01). When the study
center was removed from the analysis, MCAR test result was nonsignificant (P=
.78). The relationship between the study center and missing data is shown in
Supplemental Digital Content 1 (http://links.lww.com/NEU/E772). Nev-
ertheless, missing data in primary and secondary outcomes were less than 0.5%
(Supplemental Digital Content 1, http://links.lww.com/NEU/E772);
therefore, we decided to abstain from applying imputation methods.

Sample Size and Power Calculation

As noted previously,® an online calculator (Sealed Envelope Ltd. 2012)
was used to determine the sample size. Based on the literature review, we
assumed that the experimental group would experience 0.7% EDH
incidence, whereas the control group was predicted to have 1.4%. A 0.7%
noninferiority limit, d, was chosen. Based on primary calculations, it was
intended to recruit 1000 patients in each group, for a total of 2000
patients. However, eventually, 490 patients in total were recruited and
analyzed. Calculating power for two one-sided tests (TOST) for two
proportions using the PowerTOST package for R'*'4 and assuming
alpha = 0.05, the total number of participants in each group = 490,
proportions in groups based on the actually gathered data as 0.0045 and
0.0075 for the observed primary outcome, and lower bound for non-
inferiority of —0.007 indicated power at 100%.
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Statistical Analysis

Continuous data are presented as median (IQR), whereas categorical
data are presented as count (%). The Shapiro-Wilk and Levene tests were
applied to examine the assumptions of data normality and the equality of
variances, respectively. Primary outcome analysis (difference in propor-
tion in reoperation because of EDH in interventional vs control group)
was performed using TOST equivalence testing for two proportions
applying the TOSTER package for R in jamovi with 0.07 upper
equivalence bound.'>'® Secondary outcomes were not examined using
TOST because there were no prespecified assumptions on prevalence or
the noninferiority limit. Associations between qualitative variables were
tested using the %* and Fisher exact tests. Differences between the two
groups were assessed using either the Mann-Whitney U test or inde-
pendent t-tests, depending on which assumptions were met. We addi-
tionally tested the difference in survival times between independent
groups (interventional vs control groups) using Cox regression. Binary
value on death (present vs not present) and time until death (expressed in
days) were included in the models, without any additional predictors. If
the assumption on proportionality of hazards was not met, then coxphw
package was used using R, to apply weighted estimation in Cox re-
grf:ssion.17 All P values, except those coming from TOSTs, were cor-
rected by applying the Holm method using the false discovery rate (FDR)
estimation package.'® P values both before and after FDR correction are
reported.

Randomization

According to the study protocol, the allocation sequence with a block
size of 100 for each participating center was generated by a statistician
using a computer-generated consecutive list for either intervention (no
dural tenting) or control (dural tenting). Allocations were concealed in a
sealed envelope which was revealed to the surgeon intraoperatively by the
anesthesiologist team. This was then kept secret, including surgery and
discharge notes. Each participating center had a local investigator who was
responsible for all the evaluations and was not aware of the treatment
allocation nor whether dural tenting sutures were used . Importantly, it
was always at the surgeon’s discretion to follow randomization or not,
based on the intraoperative conditions. This was performed not to pose
additional risks on the patient’s health, and, because of the blinding in the
study, it remained unknown.

RESULTS

Study Description

This article reports patients enrolled in the trial from its
commencement in September 2018 until its conclusion in
September 2022, which marked the end of the extended time
frame approved by the Bioethics Committee of the Medical
University (the local Institutional Review Board). Figure presents
the CONSORT flow diagram, and Table 1 presents the patients’
basic demographic and clinical data. A total of 490 patients were
distributed among 5 participating centers (Warsaw, 271, 55%,
Lodz, 70, 14%, Lublin, 73, 15%, Sosnowiec, 33, 7%, Bydgoszcz,
43, 9%, Supplemental Digital Content 2, http://links.Iww.
com/NEU/E773). There were no significant differences be-
tween the intervention (no dural tenting) and control (dural
tenting) groups in intention-to-treat and per-protocol (PP)
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analyses (Table 2 and Supplemental Digital Content 3, http://
links.lww.com/NEU/E774, respectively). Similarly, we found no
differences in the as-treated analysis, from which one participant is
excluded because of unknown status of treatment received
(Supplemental Digital Content 4, hctp://links.Iww.com/NEU/
E775).

No significant differences were found in descriptive charac-
teristics and risk factors at the study baseline between intervention
(no dural tenting) vs control (dural tenting) study group division

(Table 1).

Primary and Secondary Outcomes—Intention-to-Treat
Analysis

Analysis of difference in proportions of primary and secondary
outcomes between the groups according to intention-to-treat
analysis is presented in Table 2. After correction for FDR, we
noticed no significant differences between the study groups.

Z-scores and P values for Z-tests, and TOST upper and lower
bounds for proportion difference in the presence of EDH re-
operation in intention-to-treat study groups are presented in
Supplemental Digital Content 5 (http://links.lww.com/NEU/
E776). A nonsignificant result for upper bound (P = .054) and
significant result for lower bound (P < .001) (90% confidence
interval for equivalence bounds (lower; higher) (—0.007; 0.016)
were noted. Therefore, the proportion of EDH reoperation in
intention-to-treat in the intervention study group (no dural
tenting) could be considered as noninferior in comparison with
the control. The result of the z-test (P = .267) suggests that
difference in proportion in difference for EDH reoperation rate in
the intention-to-treat study group is not significant.

Primary and Secondary Outcomes—Per-Protocol
Analysis

Analysis of difference in proportions of primary and secondary
outcomes between the groups according to PP analysis is pre-
sented in Supplemental Digital Content 3 (http://links.lww.
com/NEU/E774). After correction for FDR, we noticed no
significant differences between the two groups.

Z-scores and P values for Z-tests, and TOST upper and lower
bounds for the proportion difference for EDH reoperation in PP
study groups are presented in Supplemental Digital Content 6
heep://links.lww.com/NEU/E777). A nonsignificant result for
upper bound (P =.127) and significant result for lower bound (P <
.001) (90% confidence interval for equivalence bounds (lower;
higher) (—=0.01; 0.01) were noted. Therefore, the proportion of
EDH reoperation in the PP intervention study group (no dural
tenting) could be considered as noninferior in comparison with
the control. The result of the z-test (P = .463) suggests that the
difference in proportion of EDH reoperation in the PP study
group is not significant. Of note, this analysis includes only two
instances of EDH reoperation because the third patient was
randomized to the control group; however, the surgeon intra-
operatively decided to use dural tenting. Following from this,
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FIGURE. Flow diagram with the intention-to-treat study groups assignment.

because of nonadherence to the treatment, this patient was re-
moved from PP analysis.

Primary and Secondary Outcomes—Summary

Supplemental Digital Content 7 (http://links.Iww.com/
NEU/E778) shows the results of TOST for two proportions in
EDH reoperation according to intention-to-treat (panel A) and

NEUROSURGERY

PP (panel B) analyses. One-sided tests for lower bounds provided
P values <.05 in intention-to-treat and PP analyses. Similarly, the
Fisher exact test resulted in P values >.05. Based on these two
findings and relative and absolute occurrence of the primary
outcome in both groups, we conclude that proportions of EDH
surgeries in the intervention (no dural tenting) and control (dural
tenting) study groups are noninferior and not practically or
statistically significantly different.
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TABLE 1. Descriptive Characteristics of the Intention-to-Treat Study Group

Characteristic Intervention® Control® P value® P value FDR®
N 238 (49%) 252 (51%)
Median age (1st, 3rd quartiles) [y] 55 (41, 65) 57 (41, 65) .83 >.99
Sex .52 >.99
Female 114 (48%) 128 (51%)
Male 124 (52%) 124 (49%)
Diagnosis 9 >.99
Arteriovenous malformation 8 (3.4%) 5 (2.0%)
Aneurysm 11 (4.6%) 13 (5.2%)
Arachnoid cyst 0 1 (0.4%)
Brain tumor 203 (84.8%) 217 (85.8%)
Cavernous malformation 12 (5.0%) 9 (3.6%)
Colloid cyst 1 (0.4%) 1 (0.4%)
Dural arteriovenous fistula 2 (0.8%) 4 (1.6%)
Epilepsy 1 (0.4%) 2 (0.8%)
Side >.99 99
Right 120 (50%) 127 (50%)
Left 112 (47%) 116 (46%)
Both/midline 6 (2.5%) 9 (3.6%)

Comorbidities

Hypertension
Yes 78 (33%) 76 (30%) .53 .96
No 160 (67%) 176 (70%)

Diabetes
Yes 21 (8.8%) 14 (5.6%) 16 >.99
No 217 (91%) 238 (94%)

Oncological medical history

Yes 29 (12%) 28 (11%) 71 >.99
No 209 (88%) 224 (89%)

Other
Yes 77 (32%) 75 (30%) .59 >.99
No 161 (68%) 177 (70%)

FDR, false discovery rate.

Median (first, third quartiles) or N (%). Percentages are calculated within specific intention-to-treat study group assignment.
*Median (IQR); n (%).

PWilcoxon rank sum test; Pearson xz test; Fisher exact test.

“False discovery rate (FDR) correction for multiple testing.
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TABLE 2. Primary and Secondary Outcomes in Intention-to-Treat Study Group Assignment
Outcome Intervention (n = 238, 49%)®  Control (n = 252, 51%)® P value® P value FDR®
Reoperation because of EDH .61 .98
Yes 2 (0.8%) 1 (0.4%)
No 236 (99.2%) 251 (99.6%)
Postoperative 30-day mortality >.99 >.99
Yes 2 (0.8%) 3(1.2%)
No 236 (99.2%) 248 (98.8%)
Postoperative 30-day readmission .085 99
Yes 4 (1.7%) 11 (4.4%)
No 234 (98.3%) 240 (95.6%)
New neurological deficit or deterioration 21 .81
Yes 47 (19.7%) 39 (15.5%)
No 191 (80.3%) 213 (84.5%)
Cerebrospinal fluid leak .039 >.99
Yes 3 (1.3%) 11 (4.4%)
No 235 (98.7%) 241 (95.6%)
Deterioration of postoperative headaches over 5 NRS 19 .85
Yes 10 (4.4%) 6 (2.4%)
No 216 (95.6%) 240 (97.6%)
Not testable 2 (0.8%) 0
No data 10 (4.2%) 6 (2.4%)
Epidural collection thickness over 3 mm 25 .81
Yes 216 (90.8%) 219 (87.3%)
No 22 (9.2%) 32 (12.7%)
No data 1 (0.4%)
Midline shift over 5 mm .26 791
Yes 18 (7.6%) 12 (4.8%)
No 220 (92.4%) 239 (95.2%)
No data 1 (0.4%)

EDH, extradural hematoma; FDR, false discovery rate; NRS, numerical rating scale.
n (%).

PFisher exact test; Pearson x? test.

“False discovery rate (FDR) correction for multiple testing.

Supplemental Digital Content 8 (http://links.Iww.com/
NEU/E779) shows the number of patients with primary and
secondary outcomes in intention-to-treat (panel A) and PP (panel
B) analyses. Epidural thickness <3 mm instead of >3 mm was
presented on this figure to increase its visibility.

NEUROSURGERY

Neurological and Radiological Outcomes

We compared basic neurological data evaluated at different
points of trial participants as indicated in the trial protocol,
according to the intention-to-treat analysis. There were no sig-
nificant differences in comparable parameters between the two
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groups (Table 3, P- and q values are not shown in the table for the
purpose of clarity).

Similarly, there were no differences between the basic radio-
logical preoperative and postoperative parameters (Table 4). Table
4 presents analysis of difference in radiological characteristics of
the intervention (no dural tenting) vs control (dural tenting)
groups according to intention-to-treat protocol. Before and after
correction for FDR, we noticed no significant differences between
the two study groups.

Kaplan-Meier Analysis of Study Participant Outcomes

Supplemental Digital Content 9 (http://links.Iww.com/
NEU/E780) shows a Kaplan-Meier curve displaying the time
until death for all patients in whom it was recorded (n = 419 as of
February 27, 2024, panel A) by the intervention (no dural
tenting) vs control (dural tenting) group according to the
intention-to-treat (panel B) and PP (panel C) analyses. No sta-
tistically significant differences between the control vs interven-
tion study groups were noted in the time until death according to
intention-to-treat (coefficient = 0.19, P = .33, panel A) and PP
(coefficient = 0.28, P= .19, panel B) analyses. In the intention-to-
treat analysis, there were 79 deaths in the intervention group (no
dural tenting) of 206 patients and 90 deaths in the control group
(dural tenting) of 216 patients. In the PP analysis, there were 67
deaths in the intervention group (no dural tenting) of 178 patients
and 85 deaths in the control group (dural tenting) of 196 patients.

Harms

Other than cerebrospinal fluid leaks and EDHs, there were 17
adverse events in the intervention group (no dural tenting) and 19
in the control group (dural tenting), as per intention-to-treat
analysis (7.1% and 7.5%, respectively, Supplemental Digital
Content 10, heep://links.Iww.com/NEU/E781). There was ad-
ditionally one case of a traumatic EDH that occurred after dis-
charge of the patient, on the 11th POD. Notably, before that, the
patient was diagnosed with epilepsy and antiepileptic drugs were
initiated. Despite that, he had an epileptic seizure and trauma,
which caused EDH and required surgical evacuation. However,
this was deemed as not meeting the primary outcome of reop-
eration of EDH because of its traumatic nature.

DISCUSSION

Postoperative EDH is a potentially catastrophic complication
after an elective craniotomy: it often requires reoperation, is as-
sociated with additional morbidity and mortality, and prolongs
hospitalization. The heavy burden of these complications in-
creases even further when it postpones subsequent oncological
treatment, for example, in patients with glioma or brain metas-
tases. A common neurosurgical belief states that dural tenting
sutures prevent postoperative EDH. In this trial, we found that
the proportion of EDH surgeries in the intervention group (no

1114 | VOLUME 97 | NUMBER 5 | NOVEMBER 2025

dural tenting) was noninferior in comparison with the control
group and not significantly different when using intention-to-
treat, PP, or as-treated analyses. In other words, this study pro-
vides high-quality evidence that not placing prophylactic dural
tenting sutures is not inferior to the current standard of care,
which traditionally involved dural tenting.

Our study was designed to evaluate the most important clinical
aspect of postoperative EDH, which is articulated with a primary
outcome that focuses on reoperation to evacuate EDH. We
deemed this as the most clinically significant question to be
answered with this trial. Secondary outcomes were designed to
evaluate other aspects of clinical importance. The 30-day mor-
tality and 30-day readmission rates provide insight into immediate
and short-term outcomes after elective supratentorial craniot-
omies. Similarly, evaluation of neurological deficits was used to
measure short-term functional outcomes. None of these sec-
ondary outcomes was significantly different between the two
study groups.

We also hypothesized that dural suturing may increase post-
operative headaches, as the dura is a pain-sensitive structure. On
the other hand, extradural collection thickness may also stretch
the dura and contribute to postoperative headaches. What we
found was that, yet again, postoperative headaches were not
different between the two groups. Interestingly, dural tenting
sutures were associated with higher cerebrospinal fluid leak ratios.
Although there is a theoretical mechanism in which dural sutures
cause holes in the dura, this difference was not statistically significant.

Finally, our secondary radiological outcomes, namely extra-
dural collection thickness and midline shift measurements are
easily reproducible and are fundamental radiological parameters.
These may influence the decision-making process when evalu-
ating patients and their imaging after surgery. In our trial,
however, both extradural collection thickness and midline shift
were not different.

The clinical significance of our novel results lies in the potential
shortening of surgeries and reducing unnecessary, risky maneuvers
that are involved in dural tenting. Multicenter design of our trial
allows for generalizability of these results.

Neurosurgery suffers from insufficient evidence-based guide-
lines in comparison with other specialties. Randomized trials
constitute a crucial and irreplaceable aspect of clinical research.
Despite their complexity, they are able to prove the redundancy of
even the most basic neurosurgical techniques. Our findings
challenge a common neurosurgical practice. This opens discussion
into the scientific evaluation of other neurosurgical techniques.

Limitations

Our a priori calculation of sample size indicated that 1816
patients in total required to be analyzed to obtain 90% power. By
contrast, the above results are presented based on 490 patients in
total. That said, the above study could not be regarded as un-
derpowered because post hoc power calculations indicated 100%
power.
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TABLE 3. Clinical Characteristics of the Intention-to-Treat Study Groups
Intervention group, n = 238 (49%) Control group, n = 252 (51%)
Characteristic Before surgery POD 1 POD 5-7 Before surgery POD 1 POD 5-7
Headache, NRS
Median (Q1, Q3) 0(0,2) 2(0,4) 1(0,3) 0 (0, 3) 2(0,4) 1(0,3)
No data (n) 2 (0.8%) 4 (1.7%) 10 (4.2%) 0 1 (0.4%) 8 (3.2%)
Not testable (n) 0 6 (2.5%) 5 (2.1%) 0 3 (1.2%) 1 (0.4%)
GCS
15 237 (99.6%) 218 (92%) 224 (94%) 252 (100%) 244 (97%) 249 (99%)
14 0 13 (5.5%) 8 (3.4%) 0 7 (2.8%) 3 (1.2%)
13 0 2 (0.8%) 3 (1.3%) 0 1 (0.4%) 0
12 0 2 (0.8%) 0 0 0 0
7 0 1 (0.4%) 1 (0.4%) 0 0 0
3 0 1 (0.4%) 1 (0.4%) 0 0 0
No data 1 (0.4%) 1 (0.4%) 1 (0.4%) 0 0 0
mRS
0 175 (74%) 120 (50%) 141 (59%) 174 (69%) 129 (51%) 151 (60%)
1 43 (18%) 62 (26%) 54 (23%) 59 (23%) 74 (29%) 70 (28%)
2 19 (8.0%) 21 (8.8%) 19 (8.0%) 18 (7.1%) 27 (11%) 19 (7.5%)
3 0 19 (8.0%) 14 (5.9%) 1 (0.4%) 10 (4.0%) 5 (2.0%)
4 0 12 (5.0%) 7 (2.9%) 0 12 (4.8%) 7 (2.8%)
5 0 3 (1.3%) 2 (0.8%) 0 0 0
No data 1 (0.4%) 1 (0.4%) 1 (0.4%) 0 0 0
Motor deficit
Present 24 (10%) 39 (16%) 34 (14%) 35 (14%) 48 (19%) 38 (15%)
Absent 213 (89%) 197 (83%) 202 (85%) 217 (86%) 204 (81%) 214 (85%)
Not testable 0 1 (0.4%) 1 (0.4%) 0 0 (0%) 0 (0%)
No data 1 (0.4%) 1 (0.4%) 1 (0.4%) 0 0 (0%) 0 (0%)
Speech deficit
Present 17 (7.1%) 34 (14%) 38 (16%) 21 (8.3%) 30 (12%) 32 (13%)
Absent 220 (92%) 201 (84%) 197 (83%) 231 (92%) 222 (88%) 220 (87%)
No data 1 (0.4%) 1 (0.4%) 1 (0.4%) 0 0 0
Not testable 0 2 (0.8%) 2 (0.8%) 0 0 0
Other deficits
Present 24 (10%) 42 (17.5%) 37 (15.4%) 26 (10%) 42 (16.7%) 37 (14.7%)
Absent 213 (89%) 195 (82%) 201 (84%) 226 (90%) 210 (83%) 215 (85%)
No data 1 (0.4%) 1 (0.4%) 1 (0.4%) 0 0 0

GCS, Glasgow Coma Scale; mRS, modified Rankin scale; NRS, numerical rating scale; POD, postoperative day.

There were no significant differences in comparable parameters between the two groups (P and g values not shown in the table).
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TABLE 4. Radiological Characteristics of the Intention-to-Treat Study Group

Characteristic Intervention group, n = 238 (49%)® Control group, n = 252 (51%)® P value® P value FDR®
Preoperative midline shift (mm) 44 >.99
Median (Q1, Q3) 1.6 (0.0, 4.2) 1.6 (0.0, 5.4)
No data 1 9
Postoperative midline shift (mm) 91 >.99
Median (Q1, Q3) 2.95 (1.35, 4.86) 2.90 (1.40, 4.68)
No data 0 1
Extradural collection thickness (mm) .093 9
Median (Q1, Q3) 5.65 (4.25, 7.25) 5.20 (4.07, 7.03)
No data 0 1
Craniotomy area (cmz) .69 >.99
Median (Q1, Q3) 28 (19, 39) 27 (18, 41)
No data 0 3

FDR, false discovery rate.

“Median (IQR).

PWilcoxon rank sum test.

“False discovery rate correction for multiple testing.

CONCLUSION

This trial demonstrates the noninferiority of omitting pro-
phylactic dural tenting for EDH requiring surgery in adults
undergoing elective, supratentorial craniotomies. In addition,
proportions of postoperative 30-day mortality and readmission,
neurological deficits, increase of intensity of postoperative
headaches, extradural collection thickness over 3 mm, and midline
shift over 5 mm were not significantly different between the two
study groups.

Funding

Young Researcher’s Project grant/Projekt Modego Badacza” MB/M/
57(89) 20 000 PLN/5000 USD, Medical University of Warsaw research
grant for a PhD thesis, 2020.

Disclosures

The authors have no personal, financial, or institutional interest in any
of the drugs, materials, or devices described in this article.

REFERENCES

1. Dandy WE. Surgery of the Brain. Prior; 1945.

2. Przepiérka £, Kunert P, Zytkowski J, et al. Necessity of dural tenting sutures in
modern neurosurgery: protocol for a systematic review. BMJ Open. 2019;9(2):
€027904.

1116 | VOLUME 97 | NUMBER 5 | NOVEMBER 2025

N

. Swayne OBC, Horner BM, Dorward NL. The hitch stitch: an obsolete neuro-

surgical technique? Br / Neurosurg. 2002;16(6):541-544.

. Winston KR. Dural tenting sutures in pediatric neurosurgery. Pediatr Neurosurg.

1998;28(5):230-235.

. Winston KR. Efficacy of dural tenting sutures. J Neurosurg. 1999;91(2):180-184.
. Kunert P, Przepiérka £, Fortuniak J, et al. Prophylactic use of dural tenting sutures

in elective craniotomies in adults-is it necessary? A study protocol for a multicentre,
investigator- and participant-blinded randomised, parallel-group, non-inferiority
trial. T7ials. 2021;22(1):273.

. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 state-

ment: updated guidelines for reporting parallel group randomised trials. BAJ. 2010;
340:c332.

. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J. Interobserver

agreement for the assessment of handicap in stroke patients. Stroke. 1988;19(5):604-607.

. Williamson A, Hoggart B. Pain: a review of three commonly used pain rating scales.

J Clin Nurs. 2005;14(7):798-804.

. Compston A. Aids to the investigation of peripheral nerve injuries. Medical

Research Council: Nerve Injuries Research Committee. His Majesty’s Stationery
Office: 1942; pp. 48 (iii) and 74 figures and 7 diagrams; with aids to the ex-
amination of the peripheral nervous system. By Michael O’Brien for the Guarantors
of Brain. Saunders Elsevier: 2010; pp. [8] 64 and 94 Figures. Brain. 2010;133(10):
2838-2844.

. Tierney N, Cook D. Expanding tidy data principles to facilitate missing data exploration,

visualization and assessment of imputations. / Star Soffw. 2023;105(7):1-31.

. Yanagida T. Misty: Miscellaneous Functions; 2023. https://CRAN.R-project.org/

package=misty

. Labes D, Schiiz H, Lang B. PowerTOST: Power and Sample Size for (Bio)Equivalence

Studies. R Package Version 1.5-6; 2024. https://CRAN.R-project.org/package=Power TOST

. R Core Team. R: A Language and Environment for Statistical Computing. R

Foundation for Statistical Computing; 2023. https://www.R-project.org/

. Caldwell AR. Exploring Equivalence Testing with the Updated TOSTER R

Package. 2022.

. Lakens D. Equivalence tests: a practical primer for t tests, correlations, and meta-

analyses. Soc Psychol Pers Sci. 2017;8(4):355-362.

neurosurgery-online.com


https://CRAN.R-project.org/package=misty
https://CRAN.R-project.org/package=misty
https://CRAN.R-project.org/package=PowerTOST
https://www.R-project.org/
http://www.neurosurgery-online.com

17. Dunkler D, Ploner M, Schemper M, Heinze G. Weighted Cox regression using the
R package coxphw. / Stat Softw. 2018;84(2):1-26.

18. Murray MH, Blume JD. FDRestimation: flexible false discovery rate computation
in R. F1000Res. 2021;10:441.

Acknowledgments

The authors thank all the surgeons who participated in the study. The authors
also thank Andrew Tuson, PhD, for his assistance in language correction of the
manuscript. Author Contributions: LP—study conception and design, method-
ology, data collection, analysis and interpretation, supervision, project adminis-
tration, funding acquisition, writing—original draft, writing—review, editing,
resources; KW—data collection, analysis and interpretation, writing—original
draft; SK—study conception, statistical evaluation, methodology, software,
analysis and interpretation; KWi—data collection, writing—original draft; EJB—
data collection, writing—original draft RK—data collection, writing—original
draft; BK—data collection, writing—original draft; JFo—data collection,
writing—original draft; AM—analysis and interpretation, writing—original draft;
PD—analysis and interpretation, writing—original draft; MK—data collection,
writing—original draft; SzH—data collection, writing—original draft; Kr—data
collection, writing—original draft; KKw— analysis and interpretation, writing—
original draft; Sz— analysis and interpretation, writing—original draft; DJJ—
study conception, supervision, writing—review, editing; PL—study conception,
supervision, writing—review, editing; RR—study conception, supervision,
writing—review, editing; ]Fu—study conception, supervision, writing—review,
editing; TT—study conception, supervision, writing—review, editing; AM—
study conception, supervision, writing—review, editing; PK—study conception
and design, methodology, analysis and interpretation, supervision.

S )

Tr

tal digital

is available for this article at neurosurgery-online.com.

Supplemental Digital Content 1. Figure 1. Illustration of missing data in
allocation and primary and secondary outcomes. Panel A shows presence of

NEUROSURGERY

PROPHYLACTIC DURAL TENTING

missing data in primary and secondary outcomes in relation with the study
site. Missing data are shown in dark gray in both panels. Panel B shows
count of missing data in primary and secondary outcomes in respect to the
study site.

Supplemental Digital Content 2. Figure 2. A figure illustrating participating
centers along with the number and percentage of trial participants.
Supplemental Digital Content 3. Table 1. Primary and secondary outcomes in
PP study groups. 'n (%); *Fisher exact test; Pearson Xz test; >’FDR correction for
multiple testing.

Supplemental Digital Content 4. Table 2. Primary and secondary outcomes in
as-treated study groups. 'n (%); *Fisher exact test; Pearson y” test; >FDR correction
for multiple testing.

Supplemental Digital Content 5. Table 3. TOST results for proportion dif-
ference for EDH operation in intention-to-treat study group assignment.
Supplemental Digital Content 6. Table 4. TOST results for proportion dif-
ference for EDH reoperation in PP study group assignment.

Supplemental Digital Content 7. Figure 3. Results of TOST for two proportions
in EDH surgeries according to intention-to-treat (panel A) and PP (panel B)
assignments.

Supplemental Digital Content 8. Figure 4. Count of occurrence of primary and
secondary outcomes in the intervention group (orange) and control (blue). Panel
A shows grouping according to intention-to-treat (ITT) analysis, whereas panel
B represents grouping according to PP analysis. The panel on the right-hand side
shows the difference in occurrence between intervention and control study
groups.

Supplemental Digital Content 9. Figure 5. Kaplan-Meier curve showing time
until death for all patients (panel A) in intervention vs control groups according to

intention-to-treat (ITT, panel B) and PP (panel C) analyses.
Supplemental Digital Content 10. Table 5. Adverse events excluding postop-

erative EDH and cerebrospinal fluid leak in the intention-to-treat study groups.
Percentages are calculated within the intention-to-treat study groups. False dis-
covery rate (FDR) correction for multiple testing.

VOLUME 97 | NUMBER 5 | NOVEMBER 2025 | 1117


http://www.neurosurgery-online.com

