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Abstract
Purpose Understanding the complication profile of craniosynostosis surgery is important, yet little is known about complica-
tion co-occurrence in syndromic children after multi-suture craniosynostosis surgery. We examined concurrent perioperative 
complications and predictive factors in this population.
Methods In this retrospective cohort study, children with syndromic diagnoses and multi-suture involvement who underwent 
craniosynostosis surgery in 2012–2020 were identified from the National Surgical Quality Improvement Program-Pediatric 
database. The primary outcome was concurrent complications; factors associated with concurrent complications were identi-
fied. Correlations between complications and patient outcomes were assessed.
Results Among 5,848 children identified, 161 children (2.75%) had concurrent complications: 129 (2.21%) experi-
enced two complications and 32 (0.55%) experienced ≥ 3. The most frequent complication was bleeding/transfusion 
(69.53%). The most common concurrent complications were transfusion/superficial infection (27.95%) and transfu-
sion/deep incisional infection (13.04%) or transfusion/sepsis (13.04%). Two cardiac factors (major cardiac risk fac-
tors (odds ratio (OR) 3.50 [1.92–6.38]) and previous cardiac surgery (OR 4.87 [2.36–10.04])), two pulmonary factors 
(preoperative ventilator dependence (OR 3.27 [1.16–9.21]) and structural pulmonary/airway abnormalities (OR 2.89 
[2.05–4.08])), and preoperative nutritional support (OR 4.05 [2.34–7.01]) were independently associated with concur-
rent complications. Children who received blood transfusion had higher odds of deep surgical site infection (OR 4.62 
[1.08–19.73]; p = 0.04).
Conclusions Our results indicate that several cardiac and pulmonary risk factors, along with preoperative nutritional support, 
were independently associated with concurrent complications but procedural factors were not. This information can help 
inform presurgical counseling and preoperative risk stratification in this population.
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Introduction

Craniosynostosis occurs in nearly 1 in 2000–2500 live births 
[1, 2]. Because craniosynostosis is associated with learning 
impairment, headaches, and potential visual loss and blind-
ness [3], cranial vault remodeling (CVR) is performed to 
expand the cranium and recontour the abnormal head shape 
[4]. Although advancements in pediatric anesthetic care and 
surgical techniques have reduced the incidence of severe 
complications [5], CVR remains associated with complica-
tions such as brain injury, airway problems, acute blood loss 
anemia, and potentially death [6, 7].

Most cases of craniosynostosis involve a single suture, 
but multiple sutures can be involved. Craniosynostosis can 
also occur in children with any of over 130 different syn-
dromes. A reported 7–72% of patients with craniosynostosis 
have concurrent congenital neurological, cardiac, renal, and 
other body system-related anomalies [8–10]. Because of the 
complexity of syndromic-related craniosynostosis, consid-
eration should be given to complications that occur after 
surgery, especially if they warrant readmission; in addition 
to previously listed indications, children with syndromic 
craniosynostosis often require corrective maneuvers for 
midface hypoplasia for airway difficulty. A comprehensive 
assessment of factors that adversely affect a patient’s recov-
ery (independently or concurrently) after craniosynostosis 
is warranted. There are no studies examining co-occurring 
complications among pediatric patients with syndromic 
diagnoses undergoing multi-suture craniosynostosis surgery.

Specifically in young children with multi-suture involve-
ment, it not known which complications cluster after cranio-
synostosis correction. To stratify risk and understand com-
plication profiles, we examined whether relationships exist 
among complications and specifically whether there is com-
plication clustering in children with syndromic conditions. 
By using a large U.S. surgical quality database, we analyzed 
rates of independent and concurrent complications after 
craniosynostosis surgery in children with syndromic diag-
noses. We also assessed factors associated with concurrent 
postoperative complications to help with risk stratification. 
We hypothesized that certain patient- and procedure-related 
factors predispose children with syndromic diagnoses under-
going multi-suture release to concurrent complications.

Methods

Data source

This retrospective cohort study used the American 
College of Surgeons (ACS) National Surgical Quality 
Improvement Program-Pediatric (NSQIP-P) database. 

NSQIP-P includes 30-day perioperative and surgical 
outcomes for individuals ≤ 18 years. Variables are col-
lected from > 60 pediatric institutions on an 8-day sys-
tematic sampling cycle that allows for proportional 
diversity in selection [11]. The NSQIP-P data are audited 
and validated continually and organized into Participant 
User Files (PUFs). For the current investigation, the 
2012–2020 data were used [12]. The use of ICD-9 and 
ICD-10 codes was based on the method of coding in the 
NSQIP-P records during the inclusion years of the study 
(2012–20). Because NSQIP-P PUF datasets do not have 
patient identifying information, the study was exempt 
from institutional ethics review.

Study design and inclusion criteria

Patients ≤ 3 years of age with a syndromic diagnosis who 
underwent multi-suture craniosynostosis release and other 
cranial reconstruction procedures were included. The clas-
sification system for diagnoses of “congenital malforma-
tions” in the NSQIP-P was the International Classification 
of Diseases-9 and for procedures was the Current Proce-
dural Terminology (CPT). The included diagnoses were 
Apert, Pfeiffer, or Saethre-Chotzen syndrome (ICD-9 code 
755.55), craniofrontal dysplasia (759.81), Carpenter syn-
drome (759.89), and Crouzon’s/other congenital and mus-
culoskeletal anomalies (756). The included procedures were 
craniotomy for craniosynostosis—frontal or parietal bone 
flap and bifrontal bone flap (CPT codes 61556 and 61557); 
extensive craniectomy for multiple suture craniosynostosis, 
not requiring and requiring bone grafts (61558 and 61559); 
reconstruction, bifrontal, superior-lateral orbital rims and 
lower forehead, advancement or alteration (e.g., plagioceph-
aly, trigonocephaly, brachycephaly), with or without grafts 
(includes obtaining autografts) (21175); and repair, revision, 
and/or reconstruction procedures on the head (21180). Only 
primary CPT codes were used for identification. Patients 
who underwent emergent surgery or had prior surgery within 
30 days were excluded from the analysis.

The primary outcome was concurrent complications 
(≥ 2 complications occurring intra- or perioperatively up to 
30 days affecting multiple organ systems). Secondary out-
comes included non-home discharge, days of mechanical 
ventilation, readmission, length of stay, and death.

Statistical analysis

Frequencies of each complication were calculated, cross-
tabulated, and ranked to identify the most frequent concur-
rent complications.

A random forest analysis was performed using Python 
(v1.1.2, https:// www. python. org/) to identify patient and 
treatment factors associated with the risk of concurrent 

https://www.python.org/
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complications. Top factors were identified, and binary logis-
tic regression was performed to identify odds ratios (ORs) 
for the most influential factors for the primary outcome. The 
comparison group was children with syndromic disease who 
experienced zero or one complication.

Correlation analyses were used to identify relationships 
between the number of perioperative complications and the 
secondary outcomes. Because of the high rate of blood trans-
fusion, univariate logistic regression was performed to iden-
tify the odds of having any complication when the patient 
received blood transfusion.

Descriptive and logistic regression analyses were per-
formed using the SPSS statistical software (v26). A p-value 
of < 0.05 was considered statistically significant. The 
STROBE checklist was used for study reporting.

Results

Cohort overview

A total of 5,848 children who underwent multi-suture syn-
ostosis surgery were included (Fig. 1). The frequency of 
procedures steadily increased over time (Fig. 2, top). The 
median age of the entire cohort was 0.69 years [interquartile 
range (IQR) 0.43–1.00], and 3771 (64.48%) of children were 
male. Most children were white (4215, 72.08%), and 4158 
(71.10%) had a body mass index < 18.5 kg/m2 (Table 1).

Nearly 700 (11.94%) children were documented as 
having impaired cognitive status at time of surgery, and 
226 (3.86%) children were on nutritional support. Oxygen 

support was present in 68 (1.16%) children and 48 (0.82%) 
children were ventilator dependent at the time of surgery. 
Nearly 2% of children (116) had a history of asthma 
and 161 (2.75%) had a bronchopulmonary disorder; 497 
(8.50%) had a history of gastrointestinal disease. Cardiac 
risk factors were present in ~ 10% of children. Addition-
ally, 77 (1.32%) children had a seizure disorder, 1236 
(21.14%) were diagnosed with a structural central nerv-
ous system abnormality, 151 (2.58%) had a hematologic 
disorder, and 32 (0.55%) were on inotropic support at the 
time of surgery.

The most common procedures were extensive craniec-
tomy for multiple cranial suture craniosynostosis requiring 
bone grafts (CPT 61559) and bifrontal reconstruction of 
superior-lateral orbital rims and lower forehead, advance-
ment or alteration (CPT 21175) (approximately 80% of 
cases). Most (99.84%) patients were coded as Crouzon’s/
other syndromic disease (ICD-9 756).Fig. 1  Flow diagram indicating inclusion in the study

Fig. 2  (Top) Frequency of craniosynostosis procedures by year as a 
percentage of all operations from 2012 through 2020. (Bottom) Rates 
of bleeding with subsequent transfusion in patients undergoing multi-
suture cranial vault remodeling, by year from 2012 through 2020
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Table 1  Baseline demographic, clinical, and surgical variables for children undergoing multi-suture craniosynostosis repair (n = 5,848)

IQR interquartile range, BMI body mass index, CNS central nervous system, AS American Society of Anesthesiologists, CPT Common Proce-
dural Terminology
a Values reported as number (%) unless otherwise indicated
b Four without ASA classification assigned
c Patients may have concurrent syndromic diagnoses

Variable Valuea

Median age (years) 0.69 (IQR: 0.43–1.00)
Female 2077 (35.52%)
Race
   White
   Black
   Asian
   American Indian or Alaskan Native
   Native Hawaiian/Pacific Islander
   Other
   Unknown

4215 (72.08%)
468 (8.00%)
130 (2.22%)
53 (0.91%)
10 (0.17%)
8 (0.14%)
964 (16.48%)

BMI
   Underweight
   Normal
   Overweight
   Obese

4158 (71.10%)
1626 (27.80%)
36 (0.62%)
28 (0.48%)

Impaired cognitive status at time of surgery 698 (11.94%)
Nutritional support at time of surgery 226 (3.86%)
Oxygen support at time of operation 68 (1.16%)
Ventilator dependence 48 (0.82%)
History of asthma 116 (1.98%)
History of bronchopulmonary disorder 161 (2.75%)
Gastrointestinal disease 497 (8.50%)
Cardiac risk factors
   None
   Minor
   Major
   Severe

5248 (89.74%)
372 (6.36%)
213 (3.64%)
15 (0.26%)

Seizure disorder 77 (1.32%)
Cerebral palsy 25 (0.43%)
Structural CNS abnormality 1236 (21.14%)
Hematologic disorder 151 (2.58%)
Inotropic support at time of operation 32 (0.55%)
ASA  statusb

   I
   II
   ≥ III

991 (16.95%)
3395 (58.05%)
1458 (24.93%)

Procedure
   Reconstruction, bifrontal, superior-lateral orbital rims and lower forehead, advancement or alteration (CPT 21175) 1420 (24.28%)
   Repair, revision, and/or reconstruction procedures on the head (CPT 21180) 33 (0.56%)
   Craniectomy for craniosynostosis (CPT 61556) 254 (4.34%)
   Craniotomy for craniosynostosis; bifrontal bone flap (CPT 61557) 562 (9.61%)
   Extensive craniectomy for multiple cranial suture craniosynostosis; not requiring bone grafts (CPT 61558) 366 (6.26%)
   Extensive craniectomy for multiple cranial suture craniosynostosis; requiring bone grafts (CPT 61559) 3213 (54.94%)

Syndromic  diagnosisc

   Crouzon/other syndromic disease (ICD-9 756)
   Apert, Pfeiffer, Saethre-Chotzen syndromes (ICD-9 755.55)
   Craniofrontal dysplasia (ICD-9 759.81)
   Carpenter syndrome (ICD-9 759.89)

5839 (99.84%)
13 (0.22%)
1 (0.02%)
29 (0.50%)

Median total operation time (min) 186 (IQR: 116–262)
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Outcomes

The median length of hospital stay was 5 days [IQR 4–7 days] 
(Table 2), with 22 (0.38%) requiring > 30 days in the hos-
pital. After surgery, the mean number of days on mechani-
cal ventilation was 0.18  ± 1.81, but 5 patients (0.09%) 
required > 30 days of mechanical ventilation. At discharge, 
5,802 (99.21%) patients went home. One child (0.02%) died 
before discharge, another died within 30 days of surgery, and 
17 (0.29%) were unaccounted for.

Complication overview

Among the 5,848 patients, 1741 (29.77%) did not experience a 
complication. The overall perioperative complication rate was 
70.23% (4107/5848), and the overall concurrent complica-
tion rate (≥ 2) was 2.75% (161/5848). Stratified by number of 
complications, 3946 (67.48%) children experienced one com-
plication and 129 (2.21%), 26 (0.44%), and 6 (0.11%) experi-
enced two, three, and four or more complications, respectively. 
Table 3 demonstrates the frequency of specific complications. 
The most common complication was hematologic, with 
69.53% of all patients requiring transfusion, despite the over-
all incidence of blood transfusion steadily decreasing from 
2012 to 2020 (Fig. 2, bottom). There were 244 nonhemato-
logic complications, of which superficial infection/surgical 
site infection was the most prevalent (1.08%).

Complication co‑occurrences

One hundred sixty-one children (2.75%) experienced > 1 
complication. When assessing complications by body sys-
tem, 82% of concurrent complications were hematologic/
infectious and 59% hematologic/wound-related. Table 4 

demonstrates the most frequently concurrent complica-
tions, which were led by transfusion/superficial infection 
(27.95%), transfusion/deep incisional surgical site infec-
tion (13.04%), and transfusion/sepsis (13.04%). The top 10 
concurrent complications all included bleeding with sub-
sequent transfusion. The most frequent concurrent compli-
cations excluding bleeding/transfusion were site-specific/
systemic infections (5 children, 3.11%), cerebrovascular 
accident/seizure (4 children, 2.48%), and infection/wound 
disturbance (4 children, 2.48%).

Factors associated with concurrent complications

Six statistically significant factors were associated with the 
outcome of concurrent complications (Table 5), including 
five that increased the risk of concurrent complications. Two 
cardiac-related factors were elucidated: major cardiac risk 
factors (OR 3.50 [95% CI 1.92–6.38]) and previous cardiac 
surgery (OR 4.87 [2.36–10.04]). Two pulmonary factors were 
also identified: preoperative ventilator dependence (OR 3.27 
[1.16–9.21]) and structural pulmonary/airway abnormali-
ties (OR 2.67 [1.27–5.63]). Finally, an additional risk factor 
was preoperative nutritional support (OR 4.05 [2.34–7.01]). 
Non-premature birth was found to be protective against co-
occurring complications (OR 0.48 [0.35–0.67]). No surgical 

Table 2  Outcomes for children undergoing multi-suture craniosynos-
tosis repair (n = 5,848)

SD standard deviation
a Values reported as number (%) unless otherwise indicated

Outcome Valuea

Perioperative complications 4,107 (70.23)
Concurrent complications 161 (2.75)
Median length of hospital stay (days) 5 (IQR: 4–7)
Hospitalization > 30 days 22 (0.38)
Mean days on mechanical ventilation (± SD) 0.18 ± 1.81
 > 30 days on mechanical ventilation 5 (0.09)
Home discharge 5,802 (99.21)
Non-home discharge 29 (0.50)
Discharge destination unknown 17 (0.29)
Readmission within 30 days 184 (3.15)
Death within 30 days 2 (0.03)

Table 3  Complications among multi-suture craniosynostosis surgery 
patients

SSI surgical site infection, CVA cardiovascular accident, C. diff 
Clostridium difficile

Complication Number (%)

Bleeding/transfusion 4,066 (69.53)
Urinary tract infection 8 (0.14)
Pneumonia 11(0.19)
Venous thrombosis 5 (0.09)
Superficial infection/SSI 63 (1.08)
Deep wound infection/SSI 24 (0.41)
Organ/space infection 21 (0.36)
Wound disturbance/dehiscence 17 (0.29)
Unplanned reintubation 22 (0.38)
Renal insufficiency 0
Renal failure 0
Coma 1 (0.02)
CVA/stroke or intracranial hemorrhage 5 (0.09)
Seizure 22 (0.38)
Nerve injury 0
Cardiac arrest 9 (0.15)
C. diff infection 6 (0.10)
Sepsis 24 (0.41)
Septic shock 2 (0.03)
Central line–associated bloodstream infection 2 (0.03)
Death within 30 days 2 (0.03)
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treatment factors were identified as significant risk factors 
associated with concurrent complications.

Concurrent complications and correlations 
with clinical outcomes

Having a greater number of concurrent complications weakly 
correlated with hospital readmission (r = 0.25; p < 0.001). No 
correlation existed between number of concurrent complica-
tions and total hospital stay, number of ventilation days, non-
home discharge, re-admission, and death (Table 6). Given 
the prevalence of transfusion, further analysis revealed blood 
transfusion was associated with higher risk of deep incisional 
surgical site infection (OR 4.62 [1.08–19.73] (p = 0.04).

Discussion

Craniosynostosis surgery is often performed to address ele-
vated intracranial pressure and severe cosmetic deformity; 
thus, procedures can be urgent but are performed electively 

and require planning. Because the frequency of craniosyn-
ostosis surgery is increasing, understanding which children 
are at risk for complications, and specifically multiple com-
plications, is critical. In the study population, concurrent 
complications occurred in 2.75% of children with syndromic 
disease who underwent suture release. We identified mul-
tiple risk factors associated with concurrent complications.

Bleeding/transfusion

We found an overall complication rate of 70.23%, which 
reduced to 30% when bleeding requiring transfusion was 
excluded, which is significantly higher than reported pre-
viously [13]. Perioperative bleeding is significant during 
craniosynostosis procedures and comprised 94% of all com-
plications in this study because blood transfusion is consid-
ered a complication in the NSQIP-P data. Allogenic blood 
is commonly transfused during CVR, with some institutions 
reporting transfusion rates as high as 100% [14]. Although 
some argue that blood transfusion is “expected,” we argue 
that transfusion should be considered a complication because 
of the potential consequences of the intervention. Interest-
ingly, the rate of blood transfusion is decreasing over time, 
reflecting an improvement in surgical technique, attention to 
blood loss, and methods to reduce intraoperative bleeding.

Table 4  Co-occurring complication frequency among multi-suture crani-
osynostosis surgery patients

Co-occurring complications (Total = 161) Number (%)

Bleeding/transfusion & superficial infection 45 (27.95)
Bleeding/transfusion & deep incisional SSI 21 (13.04)
Bleeding/transfusion & sepsis 21 (13.04)
Bleeding/transfusion & unplanned reintubation 19 (11.80)
Bleeding/transfusion & seizure 17 (10.56)
Bleeding/transfusion & organ/space SSI 16 (9.94)
Bleeding/transfusion & wound disturbance/dehiscence 13 (8.07)
Bleeding/transfusion & urinary tract infection 8 (4.97)
Bleeding/transfusion & pneumonia 8 (4.97)
Bleeding/transfusion & cardiac arrest 6 (3.73)

Table 5  Treatment/patient 
characteristics associated with 
co-occurring complications 
among multi-suture 
craniosynostosis surgery 
patients

Boldface values indicate statistical significance at p < 0.05
a Ranked as identified by random forest analysis
b Binary logistic regression was used to determine odds ratios of complication occurrence using the non-
concurrent complication group as a reference

Treatment/patient characteristics Odds ratio (95% CI)b p value

Major cardiac risk factors 3.50 (1.92–6.38) < 0.001
Elevated preoperative white blood cell count 1.95 (0.81–4.73) 0.14
Ventilator dependence 3.27 (1.16–9.21) 0.03
Preoperative nutritional support 4.05 (2.34–7.01) < 0.001
Structural pulmonary/airway abnormalities 2.67 (1.27–5.63) 0.01
Neonate (No) 0.48 (0.35–0.67) < 0.001
Female 0.98 (0.70–1.38) 0.92
Tracheostomy 2.31 (0.87–6.13) 0.09
Elevated preoperative INR 3.66 (0.73–18.28) 0.11
Previous cardiac surgery 4.87 (2.36–10.04) < 0.001

Table 6  Correlation between the number of co-occurring complica-
tions and secondary outcomes

Outcome variable Correlation 
coefficient (r)

p value

Total hospital stay (days) 0.05  < 0.001
Days ventilation 0.09  < 0.001
Non-home discharge 0.03 0.02
Readmission 0.25  < 0.001
Death 0.04  < 0.001
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Six of the most common concurrent complications 
identified in this study were hematologic/infectious, sug-
gesting a possible relationship between bleeding requir-
ing transfusion and perioperative infection. We found that 
blood transfusion was associated with higher risk of deep 
incisional surgical site infection (OR 4.62 [1.08–19.73]. 
This is similar to a meta-analysis of 23 prospective con-
trolled clinical trials, which observed that postoperative 
allogenic blood transfusions across various procedures 
were associated with a significantly increased odds of 
postoperative bacterial infections (common OR 5.26 
[5.03–5.43]) [15]. The specific causative factor of this 
association remains unclear; however, it is evident that 
allogeneic blood leads to a greater degree of postoperative 
immunosuppression than autologous transfusions or no 
transfusion. Therefore, it is compelling to augment intra-
operative maneuvers with the aim of reducing bleeding/
transfusions and subsequent infectious complications as 
well. A 2022 study suggested that the use of tranexamic 
acid in a dose-independent manner for craniosynostosis 
procedures reduced the rates of perioperative bleeding 
and transfusion [16]. Another study reported that main-
taining normothermia during craniosynostosis repair, 
requiring pretransfusion surgical consultation, and using 
a preincisional bolus of tranexamic acid and incisional 
lidocaine with epinephrine reduced the institutional trans-
fusion rate from 100% to 22.7% over 5 years [17]. Insti-
tutional adoption of clinical guidelines for anesthesia and 
surgery may explain the proportional decrease in bleed-
ing/transfusions observed in our study.

Nonhematologic complications

Nonhematologic complication rates vary in the literature 
because of the differing data sources and classification 
schemes chosen by authors. One small retrospective review 
observed a postoperative complication rate of 2.86% (one 
patient experiencing wire protrusion) when bleeding/transfu-
sion was excluded [18]. Despite a reoperation rate of 8.6%, 
the authors concluded that open craniosynostosis surgery 
can be performed with minimal complications, low recur-
rence rates, and satisfactory cosmetic outcomes. A higher 
complication rate (35.9%) was reported by Shastin et al. 
[19] using a larger sample size and including only “exces-
sive” bleeding/transfusion as a complication. The inclusion 
of complications > 30 days in both inpatient and outpatient 
settings may have contributed to their higher reported rate. A 
2012 study comparing complication rates from the NSQIP-
P and the Kids’ Inpatient Database (KID) described rates 
excluding blood transfusion at 2.9% and 3.0%, respectively 
[20]. For comparison, our nonhematologic complication rate 
was 4.17%, which is likely higher because we included only 
children with syndromic diagnoses. Future studies should 

focus on postoperative complication rates by using common 
data elements and standardized definitions.

Risk factors

Five clinical factors were identified as having a statistically 
significant association with increased risk of concurrent 
complications. These were major cardiac risk factors, pre-
vious cardiac surgery, preoperative ventilator dependence, 
structural pulmonary/airway abnormalities, and preoperative 
nutritional support.

Cardiac risk factors

Previous explorations of the relationship between cardiac 
disease in children with craniosynostoses and postopera-
tive complications has been inconclusive. Using NSQIP-P 
2012–2016 PUFs, Bartz-Kurycki et al. [21] independently 
observed an association between cardiac risk factors and 
complications, but that relationship failed to remain sig-
nificant upon multivariate analysis. Another study using 
NSQIP-P to identify factors associated with reoperation in 
craniosynostosis patients (2012–2014) also failed to identify 
a relationship [9]. Conversely, Parikh et al. [22] found that 
cardiac disease was an independent risk factor for complica-
tions (p < 0.01) when using NSQIP-P. Thus, further analysis 
of the relationship between cardiac factors and complica-
tions is critical.

Structural/pulmonary abnormalities

Although there is no direct relationship between structural 
pulmonary abnormalities and premature cranial suture 
fusion, certain conditions can affect both the lungs and the 
skull. Children with Apert syndrome can have significant 
airway narrowing and abnormal lung development [23]. 
Syndromic craniosynostoses are also frequently associated 
with obstructive sleep apnea, often due to midface hypo-
plasia [24]. Furthermore, up to 40% of children with syn-
dromic craniosynostosis were shown to have laryngotracheal 
anomalies such as subglottic stenosis, tracheal stenosis, 
laryngeal cleft, laryngeal webs, and tracheomalacia [25]. 
Thus, children with syndromic craniosynostosis, particularly 
those with diagnosed structural pulmonary abnormalities or 
who are ventilator dependent, are at greater risk for respira-
tory complications during and after surgery.

Preoperative nutritional support

Although we found preoperative nutritional support was 
associated with co-occurring complications, this may 
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represent inherent risk of the study population, rather than 
a true “modifiable” risk factor. Pereira et al. [26] found 
that feeding and nutrition were present in a small cohort 
of children with Apert syndrome. In parallel to the current 
findings, Sherrod et al. [27] broadly demonstrated that nutri-
tional support was an independent risk factor (OR 1.4) for 
unplanned readmission after pediatric neurosurgery proce-
dures. For children on nutritional support, it may be pru-
dent to delay surgery, if possible, to minimize their risk of 
complications.

Patient age

Our study demonstrated that children born at term had a 
lower risk of co-occurring complications, likely second-
ary to overall general health and lack of comorbid condi-
tions associated with prematurity. Previous studies had 
demonstrated that greater age at surgery was a risk fac-
tor for complications after craniosynostosis procedures. 
Using the KID, Bruce et al. [28] observed that proce-
dures performed after 12 months of age carried higher 
odds of perioperative complications than procedures per-
formed before 12 months (OR 1.61 [1.27–2.06]). For chil-
dren > 36 months, the odds increased to 2.53 [1.67–3.82]. 
In addition to having fewer perioperative complications, 
Patel et al. [29] described that patients who undergo CVR 
at a younger age typically have better long-term psychi-
atric, neurologic, and intellectual outcomes. Our model 
did not identify age as a risk factor, likely because of the 
strict inclusion of children under 3 years. Age differed 
among reported outcomes between the KID and NSQIP-P 
database [20], which may explain some of the difference 
between our study and that of Bruce et al. Importantly, 
our model did not identify any procedural factors such as 
intraoperative time or type of procedure as predictive fac-
tors of concurrent complications.

Limitations

There are limitations to this investigation. The NSQIP-P 
database is retrospective, and although craniosynostosis 
procedures are captured, the database was not built spe-
cifically for these patients. However, NSQIP-P accurately 
captures patient characteristics, treatment factors, and early 
postoperative complications because of the ACS’s strict 
data integrity requirements for participating hospitals and 
trained reviewers. In NSQIP-P, there is no detailed infor-
mation regarding the severity of deformity and correction, 
procedural approaches, or surgical techniques. Although 
outdated, the use of ICD-9 and ICD-10 codes was based on 
coding methods used in the database during the inclusion 

years of the study (2012–20). The use of CPT codes is the 
most accurate way to search and define surgical treatment 
using the NSQIP-P data. This may limit the global applica-
bility of this study, but there is precedence for a study like 
this [30] and currently over 60 countries use CPT terminol-
ogy to date [31].

The procedural codes used here are a modest proxy for 
risk and severity, although indirect. There is substantial dif-
ference in procedural morbidity in syndromic synostosis 
procedures depending on the indication and specific pro-
cedure (often encompassed under the same CPT code) and 
expected associated complications. It is difficult to parse out 
complications by procedure because of this heterogeneity, 
which limits the extrapolation of the results. In addition, 
99% of the diagnoses were Crouzon/other syndromic disease 
(ICD-9 756), which encompasses a wide array of condi-
tions, although using a national administrative database is 
useful for studying conditions with low incidence and low 
complication rates.

For this study, we chose to include children ≤ 3 years to 
consider only primary procedures and prohibit inclusion of 
older children at higher risk for complications. Although 
institutional thresholds for blood transfusion are often pre-
sent, they are not standardized among NSQIP-P centers. 
Furthermore, it is unclear how NSQIP-P defines develop-
mental delay for infants, making it difficult to ascertain its 
significance. Furthermore, the NSQIP-P database is based 
on data collected up to 30 days postoperatively so longer-
term complications and concurrent complications are not 
captured. Finally, we would caution international generaliz-
ability with respect to the codes used for study inclusion as 
the cohort was derived from a US sample.

Conclusions

This is the first study to examine concurrent complications 
by body system and complication type in children ≤ 3 years 
of age with syndromic diagnoses undergoing multi-suture 
craniosynostosis surgery. The concurrent complication 
rate was 2.75%. The most common concurrent complica-
tions were transfusion/superficial infection (28%) followed 
by transfusion/deep incisional surgical site infection (13%) 
and transfusion/sepsis (13%). Major cardiac risk factors, 
previous cardiac surgery, preoperative ventilator depend-
ence, structural/pulmonary abnormalities, and preopera-
tive nutritional support were the baseline factors associ-
ated with increased risk of concurrent complications; no 
procedural factors were found as predictors of concurrent 
complications. This information can inform presurgical 
counseling and multidisciplinary planning by focusing on 
high-risk children to improve surgical outcomes.
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