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AIM: Incidental durotomy is among themost frequent intraoperative complications in spine surgery, yet elderly patients may be especially
vulnerable to its downstream consequences because of frailty, multimorbidity, delayed mobilization, and postoperative neurocognitive
complications. The literature suggests that durotomy is associated with increased perioperative resource utilization, whereas long-term
functional outcomes are not well reported.
METHODS: We performed a retrospective multicenter cohort study across five European academic neurosurgical centers. Consecutive
patients aged 65 years or older who underwent elective spine surgery between 2019 and 2024 were reviewed. Patients with inciden-
tal durotomy during the index procedure were compared with those without durotomy. Outcomes of interest included length of stay,
thromboembolic events, postoperative infection, delirium, readmission, revision surgery, postoperative intensive care use, and discharge
disposition.
RESULTS: Among 723 included patients, 107 (14.8%) sustained an incidental durotomy. Operative time was longer in the durotomy
cohort (median 178 vs 138 minutes; p < 0.001), as were length of stay (8 vs 5 days; p < 0.001), thromboembolic events (6.5% vs 1.8%; p
= 0.010), and postoperative delirium (14.0% vs 5.2%; p = 0.001). In descriptive analyses of patients older than 75 years, median length
of stay was 10 vs 6 days, delirium occurred in 17.7% vs 7.4%, and thromboembolic events occurred in 8.1% vs 2.2%. Postoperative
infection, 30-day readmission, revision surgery, intensive care use, and discharge disposition were not significantly different between
groups.
CONCLUSIONS: In elderly patients undergoing elective spine surgery, incidental durotomy was associated mainly with increased
perioperative morbidity rather than clearly worse short-term post-discharge outcomes. The signals for prolonged stay, delirium, and
thromboembolic complications—especially in patients older than 75 years—support age-sensitive perioperative pathways emphasizing
meticulous repair, early mobilization when clinically appropriate, delirium prevention, and close medical surveillance.
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Introduction
Incidental durotomy is one of the most common intraopera-
tive complications encountered in spine surgery. Historical
and contemporary series have reported incidence estimates
ranging from roughly 1% to 17%, with important variation
according to spinal region, diagnosis, surgical complexity,
revision status, and the method used to identify durotomy
[1,2,3,4].

https://doi.org/10.62713/aic.4745


2001 Ann. Ital. Chir., 97, 11, 2026

Ismail Zaed, et al.

The clinical significance of incidental durotomy lies not
only in cerebrospinal fluid leakage itself, but also in the
cascade of postoperative consequences that may follow:
headache, wound-related problems, delayed mobilization,
prolonged bed rest, venous thromboembolism, and higher
hospital costs. Studies have shown that durotomy is asso-
ciated with longer length of stay (LOS) and greater eco-
nomic burden, while the effect on readmission, reoperation,
and long-term patient-reported outcomes is less consistent
[5,6,7].
Several risk factors have been described in the elec-
tive spine population, including increasing age, revision
surgery, multilevel decompression, deformity surgery, fu-
sion procedures, obesity, corticosteroid exposure, throm-
bocytopenia, ankylosing spondylitis, and, in some series,
female sex [5,8,9,10]. Importantly, some of these factors
cluster in elderly patients, who increasingly represent a
large proportion of those undergoing surgery for degenera-
tive spinal disease.
The geriatric population is uniquely susceptible to the sec-
ondary effects of incidental durotomy. Delayed mobiliza-
tion may amplify the risk of venous thromboembolism, de-
conditioning, and pulmonary complications; meanwhile,
pain, opioids, electrolyte shifts, sleep disruption, and pro-
longed hospitalization may precipitate postoperative delir-
ium in older adults. In a dedicated cohort of patients aged
65 years or older, incidental durotomy was independently
associated with delirium after spine surgery [11].
Against this background, the elderly elective spine popu-
lation remains relatively under-characterized. The present
multicenter study therefore aimed to evaluate the periop-
erative impact of incidental durotomy in patients aged 65
years or older undergoing elective spine surgery, with par-
ticular attention to hospital length of stay, thromboembolic
events, postoperative infection, delirium, intensive care re-
quirements, readmission, revision surgery, and discharge
disposition.

Methods
Study Design and Setting
This retrospective multicenter cohort study was conducted
at five European academic neurosurgical centers: the Neu-
rocenter of Southern Switzerland (Switzerland), the De-
partment of NESMOS at Sapienza University (Italy), the
Department of Medical and Surgical Sciences and Neuro-
sciences at the University of Siena (Italy), Strasbourg Uni-
versity Hospital (France), and the Oxford University Hospi-
tal (United Kingdom) The study was formally exempt from
ethical review according to the requirements of each Eth-
ical Committee (Comitato etico cantonale Ticino, Comi-
tato Etico per la Ricerca Transdisciplinare (CERT), Comité
d’éthique pour la recherche de l’Université de Strasbourg
(CER-Unistra), Comitato Etico Regione Toscana, Oxford
Research Ethics Committee). The need for individual in-
formed consent was waived because of the retrospective de-

sign and use of de-identified data. The studywas reported in
accordance with the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) recommenda-
tions for cohort studies.

Patient Population
We reviewed consecutive patients aged 65 years or older
who underwent elective spine surgery between 1 January
2019 and 31 December 2024.
Patients were included if they were 65 years of age or older
at the time of surgery, underwent elective spine surgery dur-
ing the study period, had available perioperative clinical
and operative records sufficient to define baseline charac-
teristics, surgical procedure, revision status, and incidental
durotomy status, and had at least 30 days of postoperative
follow-up.
Patients were excluded if they were younger than 65 years,
underwent emergency or trauma-related spine surgery, had
follow-up shorter than 30 days, or had missing essential
data required for the primary analysis. Missing essen-
tial data were defined as unavailable operative documenta-
tion preventing classification of incidental durotomy status,
missing procedure type or revision status, missing primary
postoperative outcome data including length of stay, delir-
ium, thromboembolic events, or postoperative infection, or
inability to ascertain 30-day readmission or revision surgery
status.
The cohort was stratified into two prespecified age groups:
65–75 years and >75 years. The exposure of interest was
incidental durotomy sustained during the index operation,
as documented in the operative report and/or postoperative
record. Patients with incidental durotomy were assigned to
the durotomy group, and all remaining patients constituted
the comparison group. Regarding durotomy management,
primary suture repair was attempted whenever feasible, fol-
lowed by patch and sealant application when primary clo-
sure alone was not possible or was considered insufficient.

Variables and Outcomes
Collected baseline variables included age, sex, body mass
index, smoking status, alcohol use, preoperative neurolog-
ical status, and available comorbidity data. Operative vari-
ables included procedure type, operative time, transfusion
requirements, and postoperative intensive care use. The pri-
mary outcomes were hospital LOS, thromboembolic events
(deep vein thrombosis or pulmonary embolism), postop-
erative infection, and delirium. Secondary outcomes in-
cluded 30-day readmission, revision surgery, discharge dis-
position, and postoperative intensive care requirement.
All postoperative outcomes were assessed during the index
hospitalization and within 30 days after surgery, unless oth-
erwise specified. Postoperative infection included any clin-
ically documented surgical site, wound, urinary tract, pul-
monary, bloodstream, or other postoperative infection oc-
curring within this observation window. Thromboembolic
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events included symptomatic deep vein thrombosis or pul-
monary embolism occurring within this observation win-
dow and confirmed by imaging when clinically suspected.
Revision surgery was defined as any unplanned return to the
operating room related to the index spinal procedure within
30 days after surgery.
Postoperative delirium was assessed during the index post-
operative hospitalization using the Confusion Assessment
Method (CAM) across the participating centers. Delir-
ium was defined according to CAM criteria, requiring an
acute onset and fluctuating course of mental status changes,
inattention, and either disorganized thinking or an altered
level of consciousness. Cases were recorded when CAM-
positive delirium was documented in the medical, nurs-
ing, anesthesiology, geriatric, or surgical records during the
postoperative inpatient stay. In positive patients, CAM-
Assessment has been performed daily by trained nurses in
all centers.
Perioperative venous thromboembolism prophylaxis fol-
lowed institutional protocols across participating centers.
Mechanical prophylaxis was routinely initiated in the im-
mediate postoperative period and continued until patient
mobilization. Pharmacological prophylaxis was routinely
initiated on postoperative day 1, unless contraindicated, us-
ing subcutaneous low-molecular-weight heparin (LMWH),
specifically enoxaparin at a dose of 4000 IU. Within each
participating center, the same institutional prophylaxis pro-
tocol was generally applied to patients with and without in-
cidental durotomy, including those in whom mobilization
was delayed after dural repair.
Postoperative mobilization after incidental durotomy was
performed according to institutional practice and clinical
judgment. In general, patients were mobilized with the as-
sistance of a physiotherapist as soon as clinically appropri-
ate after dural repair, taking into account neurological sta-
tus, wound condition, symptoms suggestive of persistent
cerebrospinal fluid leakage, and overall medical stability.
Prolonged bed rest was not routinely mandated solely be-
cause of incidental durotomy.

Statistical Analysis

Continuous variables were assessed for normality using the
Shapiro-Wilk test and visual inspection of histograms and
Q-Q plots. Continuous variables with an approximately
normal distribution were reported as mean ± standard de-
viation and compared using Welch’s t test. Non-normally
distributed continuous or ordinal variables were reported
as median with interquartile range and compared using the
Mann-Whitney U test. Categorical variables were reported
as counts and percentages and compared using Pearson’s
chi-square test when expected cell counts were adequate;
Fisher’s exact test was used when any expected cell count
was <5. All p values reported in Tables 1 and 2 were calcu-
lated using the prespecified statistical tests. Multivariable
logistic regression models adjusted for age, sex, body mass

index, comorbidity burden, revision status, procedure cate-
gory, number of operated levels, operative time, and center.
Firth penalized logistic regressionwas used for thromboem-
bolic events because of the low event count. Prolonged
length of stay was defined a priori as hospitalization longer
than 7 days. Missing data were assessed for all baseline,
operative, and outcome variables before model construc-
tion. Patients with missing essential exposure, operative
classification, primary outcome, or 30-day follow-up data
were excluded before analysis, as described above. For
the remaining included patients, multivariable regression
models were performed using complete-case analysis for
the covariates included in each model; no multiple imputa-
tion was performed. No covariate data were missing, and
no patients were excluded from the multivariable regres-
sion models because of missing data. The regression model
is reported in Table 3. Because some postoperative out-
comes were infrequent, the multivariable models were con-
sidered exploratory. Covariates were selected a priori based
on clinical relevance and previously reported associations
with incidental durotomy and postoperative morbidity. For
low-event outcomes, estimates were interpreted cautiously,
with emphasis on effect size direction and confidence inter-
val width rather than statistical significance alone. A two-
sided p value < 0.05 was considered statistically significant.
Analyses were performed in R version 4.4.1 (R Foundation
for Statistical Computing, Vienna, Austria).

Results
A total of 723 elderly patients met the inclusion criteria. Pa-
tient age ranged from 65 to 87 years. Incidental durotomy
occurred in 107 patients, corresponding to an overall inci-
dence of 14.8%.
Baseline demographic and preoperative clinical character-
istics are summarized in Table 1. Mean age was 74.6 ±
6.0 years in the non-durotomy cohort and 75.7 ± 6.3 years
in the durotomy cohort (p = 0.095); patients older than 75
years represented 50.6% and 57.9% of the two groups, re-
spectively (p = 0.163). Sex distribution, body mass in-
dex, smoking status, alcohol use, comorbidity burden, and
baseline neurologic grade were similar between cohorts.
By contrast, durotomy occurred more frequently in revi-
sion procedures (27.1% vs 16.9%; p = 0.012), fusion cases
(59.8% vs 45.8%; p = 0.007), and operations involving
more spinal levels (median 2 [2–4] vs 2 [1–3]; p = 0.004).
Operative time was significantly longer in patients who sus-
tained a durotomy (median 178 [135–232] vs 138 [103–
188] minutes; p < 0.001). Transfusion requirement, which
is reported in Table 1, did not differ significantly between
patients with and without incidental durotomy (10.3% vs
6.8%; p = 0.205). Likewise, postoperative intensive care
use was comparable between groups (11.2% vs 8.8%; p =
0.417). Postoperative outcomes are summarized in Table
2. Incidental durotomy was associated with a longer hos-
pital stay, with a median length of stay of 8 (6–12) days
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Table 1. Baseline and operative characteristics by durotomy status.
Variable No durotomy (n = 616) Durotomy (n = 107) p value

Age, years 74.6 ± 6.0 75.7 ± 6.3 0.095
Age >75 years, n (%) 312 (50.6) 62 (57.9) 0.163
Female sex, n (%) 302 (49.0) 58 (54.2) 0.323
Body mass index, kg/m2 27.8 ± 4.5 28.1 ± 4.8 0.548
Current/former smoker, n (%) 123 (20.0) 25 (23.4) 0.421
Alcohol use, n (%) 71 (11.5) 14 (13.1) 0.644
Comorbidity burden (CCI), median (IQR) 4 (3–6) 5 (3–6) 0.110
Preoperative ASIA D/E, n (%) 592 (96.1) 100 (93.5) 0.202
Revision surgery, n (%) 104 (16.9) 29 (27.1) 0.012
Fusion procedure, n (%) 282 (45.8) 64 (59.8) 0.007
Operated levels, median (IQR) 2 (1–3) 2 (2–4) 0.004
Operative time, minutes, median (IQR) 138 (103–188) 178 (135–232) <0.001
Transfusion requirement, n (%) 42 (6.8) 11 (10.3) 0.205

Values are shown asmean ± standard deviation, median (IQR), or n (%), as appropriate. CCI, Charlson
Comorbidity Index; ASIA, American Spinal Injury Association Impairment Scale. Normality was
assessed using the Shapiro-Wilk test and visual inspection of histograms and Q-Q plots. Pearson’s
chi-square test or Fisher’s exact test was used for categorical variables, as prespecified; Welch’s t test
or the Mann-Whitney U test was used for continuous variables, as appropriate. p values are reported
to three decimal places, except values <0.001.

Table 2. Postoperative outcomes.
Outcome No durotomy (n = 616) Durotomy (n = 107) p value

Length of stay, days, median (IQR) 5 (4–7) 8 (6–12) <0.001
Delirium, n (%) 32 (5.2) 15 (14.0) 0.001
Any thromboembolic event, n (%) 11 (1.8) 7 (6.5) 0.010
Deep vein thrombosis, n (%) 7 (1.1) 5 (4.7) 0.022
Pulmonary embolism, n (%) 4 (0.6) 2 (1.9) 0.218
Postoperative infection, n (%) 21 (3.4) 7 (6.5) 0.167
30-day readmission, n (%) 34 (5.5) 9 (8.4) 0.243
Revision surgery, n (%) 28 (4.5) 8 (7.5) 0.198
Postoperative ICU use, n (%) 54 (8.8) 12 (11.2) 0.417
Discharge home, n (%) 426 (69.2) 67 (62.6) 0.180
Discharge to rehabilitation/SNF, n (%) 190 (30.8) 40 (37.4) 0.180

Values are shown as median (IQR) or n (%), as appropriate. ICU, intensive care unit; SNF, skilled
nursing facility. Normality was assessed using the Shapiro-Wilk test and visual inspection of
histograms and Q-Q plots. Pearson’s chi-square test or Fisher’s exact test was used for categorical
variables, as prespecified; the Mann-Whitney U test was used for length of stay. p values are
reported to three decimal places, except values <0.001.

compared with 5 (4–7) days in patients without durotomy
(p < 0.001). In descriptive age-stratified analyses, the abso-
lute difference in length of stay appeared numerically larger
among patients older than 75 years, whose median length of
stay was 10 (7–13) days after durotomy versus 6 (4–8) days
without durotomy.

Thromboembolic events were significantly more frequent
in the durotomy group (6.5% vs 1.8%; p = 0.010), driven
mainly by deep vein thrombosis (4.7% vs 1.1%; p = 0.022).
In descriptive age-stratified analyses, the absolute differ-
ences in length of stay, thromboembolic events, and post-
operative delirium appeared numerically larger among pa-
tients older than 75 years. However, these subgroup find-

ings were exploratory and were not supported by formal in-
teraction testing. In particular, thromboembolic events oc-
curred in 8.1% of patients with durotomy versus 2.2% of
those without durotomy.
Postoperative delirium was also significantly more com-
mon after incidental durotomy (14.0% vs 5.2%; p = 0.001).
The highest delirium rate was observed in patients older
than 75 years, among whom delirium complicated 17.7%
of durotomy cases compared with 7.4% of non-durotomy
cases. In the 65–75-year subgroup, the same direction of as-
sociation was present but less pronounced (8.9% vs 3.0%).
Postoperative infection (6.5% vs 3.4%; p = 0.167), 30-
day readmission (8.4% vs 5.5%; p = 0.243), and revi-
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Table 3. Adjusted association between incidental durotomy and postoperative outcomes.
Outcome Adjusted effect for durotomy p value

Prolonged length of stay >7 days aOR 2.14 (95% CI 1.39–3.29) <0.001

Postoperative delirium aOR 2.21 (95% CI 1.15–4.24) 0.017

Any thromboembolic event aOR 3.18 (95% CI 1.16–8.70) 0.024

Postoperative infection aOR 1.67 (95% CI 0.68–4.11) 0.270

30-day readmission aOR 1.42 (95% CI 0.63–3.21) 0.390

Revision surgery aOR 1.51 (95% CI 0.63–3.60) 0.350

Models were adjusted for age, sex, bodymass index, comorbidity burden, re-
vision status, procedure category, number of operated levels, operative time,
and center. Standard multivariable logistic regression was used for all out-
comes except thromboembolic events, for which Firth penalized logistic re-
gression was used because of the low event count. aOR, adjusted odds ratio;
CI, confidence interval. p values are reported to three decimal places, except
values <0.001.

sion surgery (7.5% vs 4.5%; p = 0.198) were numerically
more frequent after durotomy, but these differences did not
reach statistical significance. Similarly, discharge home
was somewhat less common in the durotomy cohort (62.6%
vs 69.2%; p= 0.180), although discharge disposition overall
and postoperative intensive care use were not significantly
different.
In multivariable models (Table 3), incidental durotomy re-
mained independently associated with prolonged hospital-
ization greater than 7 days (adjusted odds ratio [aOR] 2.14,
95% confidence interval [CI] 1.39–3.29; p < 0.001), postop-
erative delirium (aOR 2.21, 95% CI 1.15–4.24; p = 0.017),
and thromboembolic events (aOR 3.18, 95% CI 1.16–8.70;
p = 0.024). No statistically significant adjusted associa-
tion was observed for postoperative infection, 30-day read-
mission, or revision surgery; however, these low-frequency
outcomes should be interpreted cautiously.

Discussion
This multicenter study suggests that incidental durotomy in
elderly patients undergoing elective spine surgery is associ-
ated with a meaningful increase in perioperative morbidity.
Compared with patients without durotomy, patients who
sustained a durotomy had a longer median hospital stay (8
vs 5 days), a higher thromboembolic event rate (6.5% vs
1.8%), and a higher postoperative delirium rate (14.0% vs
5.2%). These associations persisted in adjusted models and
were numerically more evident among patients older than
75 years, indicating that the consequences of durotomy are
not uniform across the geriatric spectrum. Although the de-
scriptive subgroup analysis suggested that the absolute pe-
rioperative burden associated with durotomy may be more
evident in patients older than 75 years, this finding should
be interpreted cautiously. The study was not powered for
formal age-by-durotomy interaction testing, and no defini-
tive conclusion can be drawn regarding effect modification
by age group. These results should therefore be viewed as

hypothesis-generating and warrant confirmation in larger
prospective cohorts.
The observed prolongation of length of stay is highly con-
sistent with prior literature. Recent contemporary series and
registry-based studies have repeatedly shown that durotomy
increases hospitalization time even when reoperation is not
required [4,6,12,13]. In the present study, the median dif-
ference was 3 days overall and 4 days in the subgroup older
than 75 years, a magnitude that is both clinically and eco-
nomically meaningful. This pattern likely reflects a com-
bination of intraoperative complexity, postoperative mon-
itoring, bed-rest traditions, concern for cerebrospinal fluid
(CSF) leakage, and the slower recovery reserve typical of
older adults.
Surgical approach may also influence both the occurrence
and the downstream consequences of incidental durotomy.
Minimally invasive spine surgery has been associated with
reduced paraspinal muscle disruption, blood loss, postoper-
ative pain, length of stay, and overall perioperative morbid-
ity compared with conventional open approaches. Recent
evidence supports the concept that less invasive techniques
may reduce surgical trauma and postoperative complication
burden [14].
Our finding regarding thromboembolic events is clinically
important. Durotomy often leads to more cautious post-
operative mobilization, whether because of surgeon pref-
erence or patient symptoms. That approach may be par-
ticularly harmful in elderly patients, for whom immobility
rapidly translates into venous stasis, deconditioning, and
medical complications. In the present study, thromboem-
bolic events occurred in 6.5% of patients with durotomy
compared with 1.8% of controls, and the adjusted associa-
tion remained statistically significant. This interpretation is
supported by modern observational data linking incidental
durotomy with increased venous thromboembolic risk and
by studies suggesting that prolonged bed rest after adequate
repair offers little benefit [12,15,16]. Although patients
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with incidental durotomy were mobilized with physiothera-
pist assistance once clinically appropriate, even short delays
inmobilizationmay be clinically relevant in elderly patients
with limited physiological reserve andmay contribute to the
observed association with longer hospitalization and throm-
boembolic events.
The delirium signal in our study is arguably the most orig-
inal and clinically actionable finding. Kazarian and col-
leagues reported that, in patients aged 65 years and older,
incidental durotomy was independently associated with
postoperative delirium, with an adjusted odds ratio of ap-
proximately 1.9 [11]. Our results are directionally concor-
dant and extend that concern to a multicenter European co-
hort: postoperative delirium occurred in 14.0% of the duro-
tomy cohort versus 5.2% of controls overall, and in 17.7%
versus 7.4% among patients older than 75 years. Mechanis-
tically, the association is plausible: durotomy may increase
postoperative pain, opioid exposure, immobilization, sleep
disruption, and the duration of hospitalization, all of which
are well-recognized delirium triggers in older surgical pa-
tients. The adjusted association observed in the present
study therefore fits well within the geriatric perioperative
literature [17,18].
Baseline clinical status is another important determinant
of postoperative recovery in elderly spine patients. Al-
though chronological age is an intuitive risk marker, it does
not fully capture physiological reserve, functional indepen-
dence, nutritional status, cognitive vulnerability, or the bur-
den of chronic neurological impairment. In complex spinal
cohorts, preoperative functional scores, baseline disability,
neurological status, symptom duration, and frailty-related
variables have been shown to influence postoperative re-
covery trajectories and the likelihood of achieving mean-
ingful clinical improvement. In this context, incidental
durotomy should not be interpreted in isolation, but rather
as an intraoperative event whose clinical impact may be am-
plified in patients with limited baseline reserve.
This consideration is particularly relevant in older adults.
Patients with prolonged symptom duration, worse preop-
erative mobility, more severe neurological impairment, or
lower baseline functional scores may have less capacity
to tolerate delayed mobilization, prolonged hospitalization,
pain, sleep disruption, and postoperative medical compli-
cations. These factors may also increase susceptibility to
delirium and thromboembolic events, which were among
the main adverse outcomes observed in the present cohort.
Therefore, baseline clinical characteristics may act as in-
dependent prognostic factors and potential effect modifiers
when evaluating the consequences of incidental durotomy
in elderly patients.
Importantly, the increased rate of thromboembolic events
observed after incidental durotomy should be interpreted in
the context of institutional thromboprophylaxis protocols
that may have varied across participating centers. In our
cohort, mechanical prophylaxis was initiated immediately

after surgery and continued until mobilization, while phar-
macological prophylaxis was routinely started on postop-
erative day 1. Within each center, prophylaxis protocols
were generally not modified solely because of incidental
durotomy. Therefore, the higher thromboembolic burden
observed in the durotomy group is unlikely to be explained
by systematic withholding of prophylaxis, but may instead
reflect delayed mobilization, greater operative complexity,
prolonged hospitalization, and the reduced physiological
reserve of elderly patients.

By contrast, the absence of a clear difference in postopera-
tive infection, readmission, revision surgery, intensive care
use, or discharge disposition aligns with the broader liter-
ature indicating that incidental durotomy primarily wors-
ens perioperative recovery while often sparing longer-term
or post-discharge outcomes, provided it is recognized and
managed appropriately [19,20]. In the present cohort,
these events all trended numerically upward after duro-
tomy but remained statistically non-significant, suggesting
either a more modest true effect or limited power for rela-
tively infrequent outcomes. Earlier series reported favor-
able longer-term outcomes after prompt repair [1,2,3,4],
and a recent systematic review including more than 80,000
patients concluded that incidental dural tears generally do
not produce clinically meaningful deterioration in long-
term patient-reported outcomes after elective spine surgery
[21].

These findings have practical management implications.
First, meticulous intraoperative recognition and repair re-
main essential. Primary closure is still regarded as the pre-
ferred strategy, while systematic review data suggest that
adding a patch or graft may reduce postoperative CSF leak-
age compared with some alternative approaches [22,23].
Second, postoperative management should be adapted to
the biology of the elderly patient rather than driven by re-
flexive immobilization. A randomized trial found no bene-
fit for prolonged bed rest after adequately repaired lumbar
durotomy, and meta-analytic evidence suggests that earlier
mobilization is associated with fewer minor complications
and shorter hospitalization without higher reoperation rates
[24,25]. Third, once a durotomy occurs in an older patient,
the care team should proactively address delirium and ve-
nous thromboembolism prevention rather than viewing the
event as a purely technical issue.

Beyond postoperative management, the present findings
also highlight the importance of intraoperative prevention
strategies in elderly spine surgery. Older patients may
present with reduced tissue elasticity, adhesions, ossified
or hypertrophic ligamentum flavum, severe stenosis, revi-
sion scarring, and fragile dural tissue, all of which may in-
crease the risk of incidental durotomy during decompres-
sion or fusion procedures. In this context, durotomy pre-
vention should be considered an age-sensitive surgical ob-
jective, particularly because even a successfully repaired
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tear may trigger delayed mobilization, prolonged hospital-
ization, delirium, and thromboembolic complications.
Several technical principles may help reduce this risk.
These include careful preoperative review ofMagnetic Res-
onance Imaging (MRI) and computerized tomography (CT)
imaging to identify severe stenosis, ossified ligamentum
flavum, synovial cysts, adhesions, prior laminectomy de-
fects, or areas of dural thinning; the use of magnifica-
tion and adequate illumination; meticulous layer-by-layer
decompression; cautious use of Kerrison rongeurs in ar-
eas of absent epidural fat or adherent ligament; early con-
version from sharp to blunt microdissection when adhe-
sions are encountered; and avoidance of excessive trac-
tion on neural elements in patients with frail dura. In se-
lected high-risk cases, adjuncts such as intraoperative mi-
croscopy or exoscopy, ultrasonic bone-cutting devices, en-
doscopic or minimally invasive approaches when appropri-
ate, navigation-assisted bony decompression, and readily
available dural repair materials may further support safer
surgery.
The strengths of this study include its multicenter design,
clinically relevant geriatric focus, and the deliberate sepa-
ration of younger-old and older-old patients. That age strat-
ification adds nuance, because a patient aged 67 years does
not carry the same perioperative risk profile as one aged
82 years. From a clinical counseling perspective, this is a
valuable contribution.

Future Directions
Future work should move in two directions. Methodologi-
cally, prospective or registry-based studies should incorpo-
rate standardized durotomy definitions, repair techniques,
mobilization protocols, and geriatric complication screen-
ing. Clinically, the most promising next step is the devel-
opment of a standardized elderly durotomy pathway com-
bining watertight repair when feasible, early mobilization
when safe, structured delirium prevention, and risk-adapted
thromboprophylaxis.

Study Limitations
Several limitations should be acknowledged. First, the
retrospective design introduces unavoidable risks of resid-
ual confounding and documentation bias. Second, center-
specific differences in case mix, repair technique, drain use,
mobilization protocol, thromboprophylaxis strategy, and
delirium detection may have influenced the results. In addi-
tion, postoperative infections were identified based on clin-
ically documented diagnoses in the medical records, and in-
dependent adjudication of these outcomes was not reported.
Therefore, variations in diagnostic practices and documen-
tation across participating centers may have resulted in out-
come misclassification. Although postoperative delirium
was assessed daily using the ConfusionAssessmentMethod
(CAM) by trained nurses across all centers, the retrospec-
tive design limited our ability to verify whether the assess-

ment procedures were implemented and documented uni-
formly across centers. Third, the available outcomes are
predominantly perioperative and 30-day metrics rather than
true long-term endpoints such as 12-month patient-reported
outcomes, late reoperation, or delayed cerebrospinal fluid-
related complications. Finally, although multivariable ad-
justment was performed, the number of thromboembolic
events was limited, and the corresponding estimates should
be interpreted cautiously.
Another limitation is that detailed baseline prognostic vari-
ables, including symptom duration, granular preoperative
functional scores, formal frailty indices, cognitive status,
nutritional markers, and patient-reported outcome mea-
sures, were not uniformly available across centers. Al-
though the models adjusted for available baseline and op-
erative variables, the absence of these measures limits our
ability to determine how preoperative functional reserve
modifies the relationship between incidental durotomy and
postoperative recovery [26]. Future prospective studies
should incorporate standardized frailty assessment, symp-
tom duration, baseline functional scores, and longitudinal
patient-reported outcomes to better characterize recovery
trajectories after incidental durotomy in elderly spine pa-
tients.
Finally, the outcomes evaluated in this study were re-
stricted to the perioperative period and to 30-day postop-
erative events. Therefore, our data do not allow us to
determine whether incidental durotomy has an impact on
long-term functional recovery, pain, disability, or quality of
life. Specifically, standardized patient-reported outcomes
such as the Oswestry Disability Index, Visual Analog Scale
scores for back or leg pain, EQ-5D, or other functional re-
covery measures at 1- or 2-year follow-up were not uni-
formly available in this cohort. As a result, the present
findings should be interpreted as reflecting the short-term
perioperative burden of incidental durotomy rather than its
long-term effect on functional outcome. Future prospec-
tive studies with standardized longitudinal patient-reported
outcomes are needed to clarify whether the increased peri-
operative morbidity observed after durotomy translates into
delayed or impaired functional recovery.

Conclusions
In this multicenter observational cohort of elderly patients
undergoing elective spine surgery, incidental durotomy was
associated with increased short-term perioperative morbid-
ity, including prolonged hospital length of stay, higher
thromboembolic event rates, and more frequent postoper-
ative delirium. In descriptive analyses, these associations
appeared numerically more evident among patients older
than 75 years, although this finding should be interpreted
cautiously in the absence of formal interaction testing.
Because of the retrospective observational design, these
findings should not be interpreted as evidence of a di-
rect causal relationship between durotomy and all ad-
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verse postoperative outcomes. Rather, incidental durotomy
may function as both an intraoperative complication and a
marker of greater surgical complexity, reduced physiolog-
ical reserve, and vulnerability to delayed mobilization and
medical complications. At the same time, the present study
did not demonstrate a clear association with postoperative
infection, 30-day readmission, revision surgery, intensive
care use, or discharge disposition.
These findings support age-sensitive perioperative path-
ways centered on careful dural repair, early but clinically
appropriate mobilization, delirium prevention, thromboem-
bolic risk reduction, and vigilant medical monitoring in el-
derly patients who sustain incidental durotomy.
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