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Background: Tethered cord release (T'CR) is a common procedure in pediatric neurosurgery. Despite a
reputation for being relatively safe, the risk factors for postoperative complications are poorly understood.
Methods: In this study, the American College of Surgeons-National Surgical Quality Improvement
Program Pediatric Database (ACS-NSQIP-P) was reviewed to identify the demographics, risk factors, and
30-day postoperative complications for tethered cord release using univariate and multivariate analysis. A
detailed analysis of reasons for readmission and reoperation was also performed.

Results: Three thousand and six hundred eighty-two pediatric patients were studied. Males undergoing
TCR were younger (5.6 vs. 6.1 years) and had a higher rate of pre-operative comorbidities but lower 30-day
complication rate versus females. Patients who later developed complications were more likely to require
a microscope intraoperatively, had longer operative times, and worse preoperative American Society of
Anesthesiologists (ASA) class.

Conclusions: Despite being a relatively safe procedure, TCR in the pediatric population carries a finite
risk of complications. In this large, international database study, males were found to have a greater number
of risk factors prior to TCR, while females exhibit a higher risk of developing postoperative complications.
This paper provides a large sample size of multi institutional pediatric patients undergoing TCR and may

serve as a contemporary “snapshot” for future studies.
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Introduction

Tethered cord syndrome (T'CS) is a condition characterized
by neurological, gastrointestinal, musculoskeletal, and
urinary dysfunction attributable to spinal cord traction,
with an incidence estimated at 0.25 per 1,000 births (1-5).
TCS may present as an isolated finding, but is frequently
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a component of occult spinal dysraphism (OSD) such
as fatty filum terminale (FI), split cord malformation,
or dermal sinus tracts (6-8). Patients commonly present
as infants or young children with cutaneous stigmata,
progressive lower extremity orthopedic deformities,
bowel or bladder dysfunction, progressive sensorimotor
deficits, progressive scoliosis, or often, as an incidental
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finding (9). Imaging, particularly MRI, has become
standard for visualizing the conus medullaris and assessing
filum thickness during workup (4,10). Surgical treatment
for tethered cord traditionally consists of surgical
detethering via one level lumbar laminectomy (11).
Typically the filum is identified, coagulated, and cut,
with satisfactory outcomes and overall low rate of
complication pending the underlying pathology. Although
rare, complications may include infection, CSF leak, and
nerve root or spinal cord injuries (12). OSDs reportedly
demonstrate female predominance (8,13), yet there is a
lack of literature describing whether differences in surgical
outcomes by sex exist.

The American College of Surgeons-National Surgical
Quality Improvement Program pediatric database (ACS-
NSQIP-P) is a large, international, multi-institutional
quality improvement database that collects several outcome
variables in a standardized database. The pediatric database
is a collaboration between American College of Surgeons
(ACS) and American Pediatric Surgical Association (APSA).
In this study, the ACS-NSQIP-P is utilized to describe
epidemiology and post-operative complication analysis
stratified by sex for pediatric patients undergoing release of
tethered cord for primary tethered cord syndrome

Methods
Patient selection

A retrospective review of pediatric patients from ACS-
NSQIP-P was performed, analyzing data collected from
2012 to 2016. The study cohort was selected by primary
current procedural terminology (CPT) code 63200
(Laminectomy, with release of tethered spinal cord, lumbar),
then stratified by ICD-9 code 742.59 and corresponding
ICD-10 code Q06.8, which include congenital and exclude
acquired tethered cord syndrome. Of note, this ICD code
does not specify specific etiology (fatty filum, split cord
malformation or dermal sinus tract), however ICD codes
specific for myelomeningocele diagnoses were excluded.
To minimize confounders, patients were excluded if they
were missing information for sex, height, weight, American
Society of Anesthesiology (ASA) classification, if there
was a previous operation within 30 days, open wound
infection, or preoperative sepsis. Patient selection with
inclusion and exclusion criteria are detailed in Figure SI.
Since ACS-NSQIP-P is de-identified and poses no risk to
the participants, a waiver for consent was granted by the
university institutional review board.
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Variables analyzed

Demographic data including sex, race, age, body mass
index (BMI), were analyzed, along with comorbidity data
including ASA classification, organ system comorbidities,
nutritional support, hematologic comorbidities, steroid use
within 30 days, and active/past malignancy. Comorbidities
were analyzed if identified in 5 or more patients. Age was
converted to years for univariate and multivariate analysis
of complications. BMI was calculated using the National
Institute of Health conversion formula using height
and weight data. To evaluate patient fitness prior to the
operation, ASA classification was condensed into groups 1-2
and 3—4. For all Intraoperative data included the length of
operation and use of operative microscope. Post-operative
outcomes included unplanned readmissions, reoperation,
death within 30 days, days from operation to discharge,
and post-operative complications. All demographic,
comorbidity, and operative data were stratified by sex.

Statistical analysis

Categorical variables were compared using Chi-square
and Fisher’s Exact tests, while continuous variables were
studied using #-test. Univariate and multivariate analyses
were performed to evaluate risk factors for post-op
complications. Multivariate regression analyzed risk factors
individually while controlling for all significant risk factors
found in univariate analysis and age to remove confounders.
Statistical significance was set at P<0.05 and percentile
values were calculated from the proportions of patients
where information was available. Statistical analysis was

performed using SAS (SAS Institute Inc., Cary, NC).

Results
Population demographics and comorbidities

A total of 3,682 pediatric patients were studied. Demographic
information is detailed in 7able 1. There was a balanced
distribution of males (48.0%) and females (52.0%), with
most cases elective (97.1%). The mean age was 5.8 years,
with a majority (57.7%) younger than 5. A majority (69.2%)
of patients were relatively healthy before the surgery,
having ASA classification between 1-2. Table 2 describes
preoperative comorbidities. The most common comorbidity
was developmental delay/impaired cognitive status (26.6%),
followed by preterm birth (20.5%), gastrointestinal disease
(18.4%), and neuromuscular disorder (11.7%).
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Table 1 Demographics of patients undergoing release of tethered cord

Demographics Male [1,768 (48.0)] Female [1,914 (52.0)] P value Total (N=3,682)
Case type, n (%) 0.9038
Elective 1,715 (97.0) 1,860 (97.2) 3,575 (97.1)
Urgent 8(0.5) 7(0.4) 15(0.4)
Emergent 45 (2.5) 47 (2.5) 92 (2.5)
Race, n (%) 0.9987
White 1,390 (78.6) 1,505 (78.6) 2,895 (78.6)
Black or African American 143 (8.1) 154 (8.1) 297 (8.1)
Asian 67 (3.8) 71 (3.7) 138 (3.7)
Other/unknown 168 (9.5) 184 (9.6) 352 (9.6)
Hispanic ethnicity*, n (%) 0.0575
Yes 290 (16.8) 268 (14.5) 558 (15.6)
No 1,436 (83.2) 1,581 (85.5) 3,017 (84.4)
Age (years), n (%) 0.0015
Mean age 5.6 (4.6) 6.1 (x4.9) 5.8 (x4.8)
0-5 1,056 (59.7) 1,067 (55.8) 2,123 (57.7)
6-10 443 (25.1) 498 (26.0) 941 (25.6)
11-15 228 (12.9) 269 (14.1) 497 (13.5)
16-18 41 (2.9 80 (4.1) 121 (3.3)
BMI, n (%) 0.3971
Mean BMI 18.4 (£7.2) 18.6 (£6.9) 18.5 (£7.1)
<18.5 1,227 (69.4) 1,261 (65.9) 2,488 (67.6)
18.5-25 426 (24.1) 500 (26.1) 926 (25.1)
25-30 74 (4.2) 95 (5.0) 169 (4.6)
30-35 13(0.7) 31(1.6) 44 (1.2)
35-40 15 (0.9) 14 (0.7) 29 (0.8)
>40 12 (0.7) 13(0.7) 26 (0.7)
ASA classification, n (%) 0.0002
1-2 1,171 (66.2) 1,375 (71.8) 2,546 (69.2)
3-4 597 (33.8) 539 (28.2) 1,136 (30.9)

*Of available data n=3,575.

Sex differences in demographics and comorbidities

Several sex associated differences were observed in
demographic and comorbidity data. Males were significantly
younger versus females (5.6 vs. 6.1 years, P=0.0015) and
had a higher rate of illness or disability, with a greater
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proportion of patients with ASA classification of 3-4 (33.8%
vs. 28.2%, P=0.0002). Males had significantly higher rates
of developmental delay/impaired cognitive status (31.3%
vs. 22.7%, P<0.0001), preterm birth (22.2% vs. 19.0%,
P=0.0199), gastrointestinal disease (20.6% vs. 16.5%,
P=0.0012), asthma (9.5% vs. 6.7%, P=0.0021), required
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Comorbidities Males Females P value Total
American Society of Anesthesiology class 3-5 597 (33.8) 539 (28.2) 0.0002 1,136 (30.9)
Neurological comorbidities
Developmental delay/impaired cognitive status 553 (31.3) 426 (22.7) <0.0001 979 (26.6)
Seizure disorder 97 (5.5) 81 (4.2) 0.0762 178 (4.8)
Cerebral palsy 67 (3.8) 59 (3.1) 0.2384 126 (3.4)
Intraventricular hemorrhage - - - 48 (1.3)
Preterm birth* 356 (22.2) 329 (19.0) 0.0199 685 (20.5)
Esophageal/gastric/intestinal disease 364 (20.6) 315 (16.5) 0.0012 679 (18.4)
Neuromuscular disorder 216 (12.2) 216 (11.3) 0.3800 432 (11.7)
Cardiac risk factors 0.4411
Minor cardiac risk factors 174 (9.8) 180 (9.4) 354 (9.6)
Major cardiac risk factors 109 (6.2) 96 (5.0) 205 (5.6)
Severe cardiac risk factors 12 (0.7) 12 (0.6) 24 (0.7)
Pulmonary comorbidities
Asthma 167 (9.5) 128 (6.7) 0.0021 295 (8.0)
Structural pulmonary/airway abnormality 106 (6.0) 103 (5.3) 0.4211 209 (5.7)
Bronchopulmonary dysplasia/chronic lung disease 47 (2.7) 38 (2.0) 0.1743 85 (2.3)
Oxygen support 23(1.3) 27 (1.4) 0.7737 50 (1.4)
Ventilator dependence 13(0.7) 19 (1.0) 0.4005 32 (0.9
Previous cardiac surgery 108 (6.1) 106 (5.5) 0.4598 214 (5.8)
Nutritional support 100 (5.7) 80 (4.2) 0.0379 180 (4.9)
Hematologic disorder 36 (2.0) 22 (1.2) 0.0308 58 (1.6)
Steroid use (within 30 days) 20(1.1) 19 (1.0) 0.6816 39(1.1)
Active or past malignancy 7 (0.4) 5(0.3) 0.4737 12 (0.3)

*Of available data n=3,339.

preoperative nutritional support (5.7% vs. 4.2%, P=0.0379),
and had hematologic disorders (2.0% vs. 1.2%, P=0.0308)
compared to females. Detailed comparisons are shown in
Tables 1,2.

Postoperative outcomes

Thirty-day postoperative events are described in Table 3.
The mean length of operation was 101.5 minutes, with
1,005 (27.3%) cases utilizing an operative microscope.
Over the 30-day postoperative period, the readmission rate
was 5.9% and reoperation rate 2.7%. The average hospital
length of stay was 2.7 days. Two hundred and ninety-eight
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(8.1%) patients had at least one complication in the 30-
day postoperative period. The most common postoperative
complication was superficial wound complication (3.1%),
followed by superficial incisional surgical site infection
(2.1%), urinary tract infection (1.6%), and deep wound
disruption (1.4%). 30-day postoperative outcomes are
summarized in Figure 1.

Sex differences in postoperative outcomes

Outcomes stratified by sex identified females had a
significantly longer length of hospital stay versus males
(2.8 vs. 2.6 days, P=0.0110), and an increased 30-day
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Table 3 30-day post-operative outcomes and operative details for patients undergoing release of tethered cord

Outcomes Males (N=1,768) Females (N=1,914) P value Total (N=3,682)
Readmission 94 (5.3) 122 (6.4) 0.1726 216 (5.9)
Reoperation 44 (2.5) 57 (3.0) 0.3637 101 (2.7)
Death in 30 days 1(0.1) 0 0.4802 1(<0.1)
Use of operating microscope 492 (27.8) 513 (26.8) 0.4852 1005 (27.3)
Mean length of operation in minutes (+SD) 100.5 (=78.3) 102.4 (x74.7) 0.4585 101.5 (x76.4)
Mean days from operation to discharge (+SD) 2.6 (x2.1) 2.8 (£3.2) 0.0110 2.7 (£2.7)
Any complication 118 (6.7) 180 (9.4) 0.0024 298 (8.1)

Surgical site infections

Superficial incisional SSI 29 (1.6) 50 (2.6) 0.0420 79 (2.1)
Deep incisional SSI 12 (0.7) 10 (0.5) 0.5387 22 (0.6)
Organ/space SSI 5(0.3) 2(0.1) 0.2715 7(0.2)

Wound disruption

Superficial wound disruption/dehiscence* 48 (3.1) 66 (4.0) 0.1771 114 (3.1)

Deep wound disruption 21 (1.2 30 (1.6) 0.3248 51(1.4)
Respiratory

Unplanned intubation 2(0.1) 2(0.1) 1.0000 4(0.1)

Pneumonia 2(0.1) 1(0.1) 0.6106 3(0.1)
Renal

Urinary tract infection 14 (0.8) 46 (2.4) 0.0001 60 (1.6)

Progressive renal insufficiency 1(0.1) 0 0.4802 1(<0.1)
Neurologic

Seizure 3(0.2) 2(0.1) 0.6759 5(0.1)

CVA/Stroke or Intracranial Hemorrhage 2(0.1) 0 0.2305 2(0.1)

Coma > 24 hours 1(0.1) 0 0.4802 1(<0.1)

Nerve injury 1(0.1) 0 0.4802 1 (<0.1)

Cardiovascular and hematologic

Bleeding requiring transfusion 5(0.3) 8 (0.4) 0.4897 13 (0.4)
Cardiac arrest requiring CPR 1(0.1) 0 0.4802 1(<0.1)
Vein thrombosis requiring therapy 1(0.1) 1(0.1) 1.0000 2(0.1)

Nonsurgical site infections

Systemic sepsis 10 (0.6) 5(0.3) 0.1474 15 (0.4)
C. Difficile infection** 1 (<0.1) 2(0.1) 0.6242 3(0.2)
Septic shock™* 1(0.1) 1(0.1) 1.0000 2(0.1)
Central line associated bloodstream infection 1(0.1) 0 0.4802 1 (<0.1)

*Of available data n=3,223; **Of available data n=1,777; ***Of available data n=3,223.
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Tethered cord release

Complication rate 8.1%
Readmission rate 5.9%
Reoperation rate 2.7%

Most common complications
Superficial dehiscence 3.1%

Superficial incisional infection 2.1%
Urinary tract infection 1.6%

Figure 1 Postoperative outcomes and common complications

following tethered cord release.

complication rate (9.4% vs. 6.7%, P=0.0024). Of the
complications noted, females had a significantly higher
rate of superficial surgical site infections (2.6% vs. 1.6%,
P=0.0420) and urinary tract infections (2.4% vs. 0.8%,
P=0.0001). Despite having a higher rate of preoperative
comorbidities, males did not show increased incidence for
any postoperative complication.

Readmission and reoperation

Risk factors for readmission are detailed in Table 4. The
most common type of readmission was wound complication,
(2.6% of all patients). Other causes included systemic
infection (0.6% of all patients) and neurologic causes
(0.5% of patients). Non-neurologic causes were unusual
and ranged from digestive system disorders to respiratory
failure. Few patients (0.1%) were readmitted for CSF leak
or hydrocephalus.

Reasons for reoperation are listed in Table 5. 32.7% of
all reoperations and 0.9% of all patients underwent CSF
leak repair or CSF diversion postoperatively. Reoperations
for infection were required in 0.6% of patients, while
wound repair or debridement was required in 0.5%.
Other reoperation procedures included cystourethroscopy,
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establishment of central venous access, removal of sutures,
and removal of fecal impaction. 0.6% of patients required
a reoperation that was either unrelated to tethered cord or
was unknown.

Risk factors for postoperative complications

Univariate and multivariate analyses were performed to
analyze demographic and comorbidity risk factors for
postoperative complications. A detailed analysis of all risk
factors is presented in Table 6. Univariate analysis identified
risk factors associated with post-operative complications
as female sex (P=0.0024), microscope use (P=0.0013),
Asian race (P=0.0229), operative time (P<0.0001), ASA
classification of 3—4 (P<0.0001), neuromuscular disorders
(P=0.0002), and nutritional support needs (P=0.0181).
A multivariate logistic regression was performed on all
the significant postoperative complication risk factors in
univariate analysis. The multivariate logistic regression
revealed significant risk factors for postoperative
complications as female sex (P=0.0009), use of an operative
microscope (P=0.0351), operative time (P<0.0001), and ASA
classification of 3-4 (P=0.0365).

Discussion

TCS is a common diagnosis that has become more frequent
with the advancement and availability of imaging. Deciding
when to offer surgical untethering is a common dilemma
encountered by pediatric neurosurgeons (8,10,12). While
TCR is certainly recommended once neurologic or urologic
symptoms present (4,10), surgery in the asymptomatic
patient with incidental finding is debated (8,10,14,15). A
common argument for prophylactic procedures is that once
neurologic or urologic symptoms arise, there is a realistic
risk of permanent deficit despite surgical intervention
(15-19). Literature reports of urologic and neurologic
outcomes post detethering vary widely by OSD type and
preoperative status, but the overall agreement is earlier
intervention improves outcomes (4,15,19-25).

As optimal timing of operative intervention is not always
clear for some patients, characterization of complications,
reoperations, and readmissions for T'CR is important to
shine light on the risk versus benefit on a case-by-case basis.
The pediatric ACS-NSQIP is a large, international quality-
improvement database that tracks numerous outcome
variables for surgeries in a standardized format. In this study,
30-day outcomes for 3,682 pediatric patients identified an
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Table 4 Readmission reasons for patients undergoing release of tethered cord

343

Reason for readmission ICD9/ICD10 Description n rea d::iso;ions %;{;:::I
Wound complication - Wound disruption 49
- Deep incisional/organ space 24
surgical site infection
- Superficial incisional surgical 21
site infection
942.04 Burn of unspecified degree of 1
back (any part)
998.11 Hemorrhage 1
96 44.4 2.6
Systemic infection - Urinary tract infection 7
780.60/R50.9, 780.62 Fever 4
998.59 Other postoperative infection 3
- Postoperative systemic sepsis 2
079.99, 996.63, 995.90 Other systemic infection 4
_ Pneumonia 1
21 9.7 0.6
Neurologic 997.09, 997.01, G97.82 Nervous system complication 10
784.0 Headache 4
596.54 Neurogenic bladder 1
- Seizure 1
564.00 Constipation 1
17 7.9 0.5
CSF leak and hydrocephalus 349.31, G97.0 CSF leak 4
331.4 Obstructive hydrocephalus 1
5 2.3 0.1
Other 787.0, 787.03, K91.89, R10.30 Digestive system disorder 4
276.51 Dehydration 1
292.0 Drug withdrawal 1
782.3 Edema 1
- Progressive renal insufficiency 1
J96.00 Acute respiratory failure 1
9 4.2 0.2
Unknown/unrelated complication 68 315 1.8
Total 216 100 5.9

© Journal of Spine Surgery. All rights reserved.
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Table 5 Reoperation reasons for patients undergoing release of tethered cord

Reason for reoperation CPT Code N % of reoperations % of total patients
CSF leak 63707, 63709, 63710 Primary CSF leak repair 28
repair/CSF diversion 61510, 62225, 62256, 62272 CSF diversion 4

63700 Repair of meningocele; less 1

than 5 cm diameter
33 32.7 0.9

Infection 10180, 22015, 10060 - 21 20.8 0.6
Wound 10140, 12020, 13160, 11042, 11043, - 19 18.8 0.5
repair/debridement 12001, 12031, 01951, 13101
Other 52000, 52001, 52332, 36557, 36569, - 7 6.9 0.2

15850, 45915
Unrelated/unknown 21 20.8 0.6
Total 101 100 2.7

8.1% overall complication rate, 5.9% readmission rate,
and 2.7% reoperation rate for children undergoing TCR,
underscoring the relative safety of this procedure. The
most frequent etiology of complication, readmission, and
reoperation was wound complication. Conclusively, relative
to the risk of neurological deficit, pain, progressive scoliosis,
and bowel and bladder dysfunction associated with TCS,
surgical risk profile associated with surgical detethering is
low.

Operative details and outcomes

Tethered cord release is widely regarded as a safe procedure,
reflected by the relatively short postoperative length of
stay and low complication rate. The length of stay in the
NSQIP population (2.7 days) is consistent with other
reports, and some authors have suggested patients may be
discharged 1 day postoperatively without increased risk of
complication for uncomplicated TCR (26). Variability in
length of stay may reflect the complexity of tethered cord
etiology or whether the procedure is revision for retethered
cord; unfortunately, this data analysis does not allow for
distinguishing between these etiologies based on ICD codes
to any meaningful degree.

The overall complication rate of 8.1% in the NSQIP
cohort is also consistent with the literature, which has
reported complications ranging from 1.0-11.0%, with
the majority due to wound dehiscence, surgical site

infections and CSF leak (12,24,27-31). The wide range

© Journal of Spine Surgery. All rights reserved.

in complications is likely a direct correlate of the wide
range of disorders that make up the umbrella of TCS,
with inherent complexity of disease processes correlating
with increased complication. This cohort corroborates
prior findings within the literature that wound healing is
the most common complication encountered from this
procedure. It is worthy to note the dreaded complication of
CSF leak in this large cohort was indeed minimal and given
this complication is often seen in the early postoperative
period is it fair to assume that 30-day postop evaluation
would accurately capture this subset. These and associated
complications, including seroma and pseudomeningocele
can in part be due to poor wound healing from nutritional
deficiencies, other comorbidities, or less commonly poor
wound closure. This can be particularly troublesome in
certain types of OSD. It is important for neurosurgeons to
extensively optimize patients undergoing such procedures in
a collaborative effort with patient’s primary care physicians,
focusing on nutritional status, comorbidities, minimizing
medications that may interfere with wound healing such
as steroids (i.e., in case of patients with severe asthma etc.).
In cases where closure is expected to be challenging, some
authors advocate for collaboration with plastic surgery for a
composite closure with fascial and musculofascial flap layers,
however, this is reserved for extenuating circumstances
where significant tissue compromise has occurred secondary
to infection, compromised blood flow, non-healing wounds,
or premature infants undergoing repeat procedures for
wound breakdown (28).
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Table 6 Risk factors for any complication in patients undergoing surgery for tethered cord
Univariate analysis Multivariate analysis
Operative factors com?l?gation Chi-square Ftest Odds ratio (95% P value
test confidence interval)
Sex 0.0024 1.520 (1.186-1.948)  0.0009
Female 180 (9.4%)
Male 118 (6.7%)
Use of operating microscope 0.0013 1.320 (1.020-1.708) 0.0351
Microscope used 105 (10.5%)
Microscope not used 193 (7.2%)
Race 0.0229
White 221 (7.6%)
Black or African American 29 (9.8%)
Asian 20 (14.5%)
Other/unknown 28 (8.0%)
Hispanic ethnicity 0.9924
Yes 45 (8.1%)
No 244 (8.1%)
Unknown 9 (8.4%)
Age (days) 0.1383
Mean age of patients with complication 2,265.1
Mean age of patients with no complication 2,108.9
Total length of operation (minutes) <0.0001 1.006 (1.004-1.007) <0.0001
Mean length of operation of patients with complication 146.3
Mean length of operation of patients with no complication 97.6
ASA class <0.0001 1.330(1.018-1.738)  0.0365
1-2 176 (6.9%)
3-4 122 (10.7%)
Asthma 0.2778
Yes 19 (6.4%)
No 279 (8.2%)
Structural pulmonary/airway abnormality 0.1121
Yes 23 (11.0%)
No 275 (7.9%)
Bronchopulmonary Dysplasia/chronic lung disease 0.6521
Yes 8 (9.4%)
No 290 (8.1%)
Table 6 (continued)

© Journal of Spine Surgery. All rights reserved.
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Table 6 (continued)
Univariate analysis Multivariate analysis
Operative factors Comg?gaﬁon Chi-square . Oddsratio (95% P valus
test confidence interval)
Oxygen support 0.3078
Yes 6 (12.0%)
No 292 (8.0%)
Ventilator dependence 0.1780
Yes 5(15.6%)
No 293 (8.0%)
Esophageal/gastric/intestinal disease 0.3462
Yes 61 (9.0%)
No 237 (7.9%)
Previous cardiac surgery 0.8606
Yes 18 (8.4%)
No 280 (8.1%)
Developmental delay/impaired cognitive status 0.0597
Yes 93 (9.5%)
No 205 (7.6%)
Seizure disorder 0.1151
Yes 20 (11.2%)
No 278 (7.9%)
Cerebral palsy 0.6906
Yes 9 (7.1%)
No 289 (8.1%)
Neuromuscular disorder 0.0002 1.314 (0.939-1.837) 0.1112
Yes 55 (12.7%)
No 243 (7.5%)
Steroid use 0.2408
Yes 5(12.8%)
No 293 (8.0%)
Nutritional support 0.0181 1.515(0.923-2.488)  0.1003
Yes 23 (12.8%)
No 275 (7.9%)
Hematologic disorder 0.5263

Yes

No

6 (10.3%)
292 (8.1%)
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Sex differences in comorbidities and outcomes

Historically, most OSDs have demonstrated a female
predominance (8,13), although the reasons are unclear. Of
interest, the NSQIP cohort did not reflect this, and had a
relatively close ratio (48.0% male, 52.0% female). Many
reported comorbidities were significantly more likely in
males (developmental delay, preterm birth, GI disease,
asthma, nutritional support, hematological disorder), and
males also exhibited a greater ASA class versus females, both
previously unidentified in the literature. The significantly
younger age of males compared to females (5.6 vs. 6.1
years) may be a contributor, as earlier symptom onset
typically correlates with more severe OSD (8,10,13,14), but
does not solely account for this finding, because statistical
significance remained after controlling for age. Interestingly,
the statistically significant comorbidities within the male
cohort did not translate into a higher postoperative risk;
women displayed a higher postoperative risk profile for
postop infection such as UTI, wound healing, and length
of stay. The significant increase in postoperative UTI
for females can be expectedly attributed to anatomical
variation (shorter urethra), which pose a higher risk of UTI
at baseline in females than males at all age-groups. These
findings raise an important point to consider avoiding
routine use of Foley catheters in the female population.

Reoperations and readmissions

CSF leak after TCR is a commonly discussed complication,
sometimes requiring readmission or reoperation, and has
been reported in the literature at rates of 1.9-8% (26,28,29).
In our cohort, CSF leak was less frequently encountered
than reported literature and it was the most common
reason for reoperation, but not for readmission; indicating
typically it was diagnosed and treated prior to patient
discharge. There are no guidelines for optimal duration
of postoperative recumbency to minimize risk of CSF leak
complications, however, previous literature has suggested
that remaining flat greater than 24 hours provides no
major benefit (26). Conversely, wound complication was
disproportionately found as the cause for readmission versus
reoperation, suggesting infections presented in a delayed
fashion, and did not always require surgical correction.
It is important to note that superficial wound healing
complication is not synonymous with wound infection,
as there are many etiologies to non-healing wound which
can be resolved with conservative management. Similarly,
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superficial wound infection can be managed conservatively
via a course of antibiotics and aggressive wound care.
This may explain the disproportionate number of
patients admitted for concerns of wound healing, without
reoperation. Hemorrhagic and neurologic complication
rates for TCR were low in this cohort, and are consistent
with rates reported in the literature (28). Certain neurologic
complications may further reflect the initial etiology and
symptoms of tethered cord and not the procedure itself,
with older symptomatic patients having a greater risk of
neurologic decline (8).

Complication risk factors

The relationship between ASA class, neuromuscular
disorders, need for nutritional support and complication
risk was expected, and consistent with previous literature
showing an association between comorbid conditions and
the development of complications (12). Use of operating
microscope and increased operating time were significantly
correlated with risk of complication and raises the question
whether these factors are associated with more challenging
cases prone to complication (split cord malformation or
dermal sinus tract versus fatty filum), or are risk factors for
complications themselves. Though this assumption comes
from experience, any further data to support correlation
between these two seemingly related factors is limited. Of
note, use of operating microscope itself was not associated
with a longer surgical duration, and remained significant
when controlling for other significant risk factors. This may
reflect the surgeon’s preference in utilization of microscope,
or an indication of procedural complexity independently
of increased surgical duration. As previously discussed, the
procedural complexity varies based on etiology of OSD,
which cannot be separated within this cohort. Other studies
have identified an association between age and short-term
complications, specifically among older children (12,27),
but this was not the case in the NSQIP cohort.

Tethered covd and the pediatric neurosurgeon

Tethered cord release is largely a safe procedure, with
low readmission, reoperation, and complication rates.
When complications occur, they tend to be mild and
transient, such as wound complication or superficial
infection, not requiring surgical reoperation. To decrease
the risk of these complications, the surgeon should ensure
adequate antibiotic prophylaxis and in cases of complex
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wound closure consider a longer course of postoperative
antibiotics. In select cases with notable wound complexity,
consulting with a plastic surgeon to discuss closure options
and possibility of utilizing a flap for closure may be utilized;
this is in essence not an extrapolation of the data, rather a
tool in the armamentarium of the neurosurgeon based on
their clinical judgement. With complications uncommon
and mild, and high risk of progressive and potentially
permanent deficits if procedures are delayed until a patient
is symptomatic (15-19), we recommend the surgeon avoid
excessive caution when considering surgical intervention.
As the most encountered cause for reoperation is CSF leak
(0.9% of cases in the cohort), water-tight dural closure
is critical to avoid this potential complication. To ensure
adequate dural closure, the surgeon may perform a Valsalva
maneuver after dural suturing with or without graft and
use dural sealants as clinically deemed fit. Inevitably, any
discussion of long term follow up within this cohort is
unavailable, however, the literature reflects postoperative
retethering is a common occurrence, reported at rates
of 8-30%; as such, long term follow up is recommended
(4,10,24,32). Findings in our cohort suggest females require
particular attention for postoperative UTT and surgical
site infections. To help avoid these complications, Foley
catheters should be avoided in shorter duration cases or
removed as soon as possible, the patient positioned prone
for at least 24 hours postoperatively, and the wound kept
clean and free of pressure until it heals. Comorbidities are
predictive of higher complication rates, as expected with
any surgery, but overall the complication rate remains low
when present, underscoring the relative safety of tethered
cord release.

Limitations

Large database studies carry several inherent limitations,
including missing data and possible coding errors of
procedures and diagnoses. While ACS-NSQIP-P provides
a large sample size and relevant data, it does not consider
variables of interest specific to TCS patients, such as
sensory and motor, urinary, or bowel dysfunction after
surgery. Additionally, the ICD codes used do not specify
etiology of TCS, limiting analysis in context of OSD
severity. Moreover, the patient population includes both
simple filum transection as well as more complex forms
of OSD. This brings in question whether the use of
microscope is more prevalent in simple filum resection or
complex forms of OSD, as microscope use was associated
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with increased postoperative infections. To avoid potential
selection bias, NSQIP-P uses a systematic sampling system
to select completed cases from the hospital’s operative log.
This ensures cases have an equal chance of being selected
from each day of the week. Therefore, while the NSQIP-P
database provides a large sample of pediatric tethered cord
cases, it is noteworthy that it does not include all tethered
cord cases from the participating institutions. Additionally,
this analysis is limited to 30-day outcomes, which limits
discussion of complications such as retethering.

Conclusions

Tethered cord release is a common procedure in pediatric
neurosurgery with a relatively safe risk profile. This study
confirms the benign nature of this surgery, with a 30-day
complication rate of 8.1%, readmission rate of 5.9%, and
reoperation rate of 2.7%. Paradoxically, females were found
to have a higher complication rate despite males having
more comorbidities during presentation. Operative time,
use of the surgical microscope, and ASA class were also
associated with complications. Wound complication was the
most common cause for readmission, and CSF leak the most
common for reoperation, although certain intraoperative
and postoperative techniques may help decrease these risks.
"This paper provides a large sample size of multi institutional
pediatric patients undergoing TCR and may serve as a
contemporary “snapshot” for future studies.
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Figure S1 Patent inclusion and exclusion criteria. *, missing demographic values: sex, height, weight, and ASA classification. Confounders:

open wound/wound infection, previous operation within 30 days, pre-operative sepsis.
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