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ABSTRACT

Background: In centers for craniosynostosis surgery, the volume of activity does not

necessarily reflect the quality of the treatment.

Objective: Our aim was to analyze a retrospective series of patients over a period of 6 years in
a low-volume craniosynostosis surgery center, and to study indicators that reflect the quality of

treatment.
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Patients and methods: The analysis included all patients who underwent a craniofacial surgery
for all forms of craniosynostosis during the period 2012-2017 (annual follow-up for 4 years).
Data on the type of synostosis, sex, age, weight, type of surgery, duration of surgery, blood
transfusion, postinterventional care, and total length of hospital stay were collected. Medical

and surgical complications were recorded using the Leeds classification.

Results: Overall, 42 patients (33 male; 23 cases of scaphocephaly, 13 cases of trigonocephaly,
4 cases of coronal plagiocephaly, 1 case of lambdoid plagiocephaly, and 1 case of
brachycephaly) underwent craniofacial surgery with a median age of 7.4 months [4.8; 10.4] and
a mean weight of 8.40 + 1.92 kg at surgery. The median hospital stay was 7 days [6; 7] with
1 day in the postinterventional care unit for 83% of patients. The global complication rate was
12% (95% CI: 4%—26%) with three minor cutaneous and two major (cardiovascular and septic)

complications.

Conclusion: Complication rates reflect the quality of care in a center that treats
craniosynostosis much more than do the number of procedures, mean hospital stay, and blood
transfusion rates. It is essential to define new indicators capable of measuring the quality of life

linked to surgical procedures and of using them to assess the competence of a center.

Keywords: craniosynostosis, complications, economics, pediatrics, quality of life.

1. Introduction

The qualification of “rare” can be ascribed to a disease if its incidence is 1/2000 persons.
Overall, 3 million French citizens and approximately 25 million European citizens present one
of the 7000 rare diseases known to date. Craniosynostoses are defined by the fusion of one or
multiple cranial sutures of the calvaria and of the cranial base. They are the second most
frequent etiology of craniofacial malformations. Their incidence is 1/2000 births, and hence
they are classified as rare diseases [1,2]. Thanks to the actions of patient associations, rare
diseases were recognized as a public health issue and gained the support of governmental
bodies. Three French government plans were initiated during the periods 2005-2008, 2011—

2016, and 2018-2022. The latter plan had the objective of innovating the means of diagnosis



and treatment of rare diseases. Naturally, the question of describing the criteria that define a
reference center specialized in the care of a specific rare disease was raised. In fact, any center
that did not comply with these criteria could lose the authorization to treat patients with rare
diseases. Some centers tried to justify their legitimacy as reference centers through medico-
economic indicators such as volume of activity [3]. It is important to keep in mind that the
volume of activity (or the number of treated patients) does not necessarily reflect the quality of
the treatment. The aim of this study was (a) to present and analyze our retrospective series of
patients over a period of 6 years in a low-volume craniosynostosis surgery center and (b) to

study indicators that reflect the quality of treatment.

2. PATIENTS AND METHODS

2.1 Patients

We included in this study all patients who underwent a craniofacial surgery for all forms of
craniosynostosis in the 6-year period from 2012 to 2017 at the pediatric department of the public

university hospital of Clermont-Ferrand.

2.2 Method

2.2.1 Data

Data collected for each patient included type of synostosis, sex, age, weight, type of surgery,
duration of surgery, blood transfusion, postinterventional care, and total length of hospital stay
(Table 1). We recorded all medical and surgical complications (Table 2) using the Leeds
classification (Table 3) [4]. Since November 2012, we introduced a treatment protocol with the
objective of reducing the blood transfusion rate. Our protocol comprised preoperative
administration of erythropoietin (EPO) and iron as well as perioperative intravenous injection

of tranexamic acid: oral iron supplementation — 5-10 mg/kg/day starting 1 month before



surgery; recombinant human erythropoietin injection — 500-600UI/kg, 1 injection every week
for 3 weeks before surgery. All the children were followed up annually for a minimum of

4 years to detect late complications.

2.2.2 Statistical analysis

Statistical analysis was performed using Stata software (version 15; StataCorp, College Station,
TX, USA). All tests were two-sided, with a Type I error set at 0.05. Categorical variables are
expressed as number of patients and associated percentages, and quantitative variables are
expressed as mean + standard deviation or median [1st quartile; 3rd quartile], according to the
statistical distribution. Baseline hematocrit levels were compared between independent groups
(patients who received EPO and iron vs. patients who did not) with the Mann—Whitney test.
Among the patients who received EPO and iron supplementation, the evolution of the
hematocrit level between before and after supplementation was assessed with the Wilcoxon

signed-rank test. The global complication rate is expressed with a 95% confidence interval (CI).

2.2.3 Ethics

This retrospective study was approved by our institutional review board (Comité de protection
des personnes, VI CHU Clermont-Ferrand); it did not raise any ethical issues and fell outside
the scope of the rules governing biomedical research (articles L.1121-1-1 and R1121-3 of the

Code of Public Health).

3. RESULTS

3.1 Patient characteristics



Overall, 42 patients underwent craniofacial surgery at our center from February 2012 to
September 2017 (see Table 1). Of these, 33 patients (79%) were male. The median age at
surgery was 7.4 [4.8; 10.4] months and the mean weight was 8.40 + 1.92 kg. In total, 23 (55%)
patients presented with scaphocephaly and underwent surgery at a median age of 4.8 [3.8; 7.5]
months with a mean weight of 7.50 £ 1.30 kg. A further 13 (31%) patients presented with
trigonocephaly and underwent surgery at a median age of 8.7 [7.0; 9.9] months and a mean
weight of 9.06 £ 1.60 kg. Four (10%) patients presented with coronal plagiocephaly (2 left-
sided, 2 right-sided) and underwent surgery at a median age of 16.1 [13.7; 20.9] months and a
mean weight of 9.45 + 1.72 kg. One patient (13.4 months old; weight 9.7 kg) underwent surgery
for lambdoid plagiocephaly and one patient (5.9 years old; weight 15 kg) underwent surgery
for brachycephaly. Three patients presented with three different comorbidities: Saethre—
Chotzen syndrome (that was associated with coronal plagiocephaly, bilateral complete cleft lip
and palate, and 2-3 left toe syndactyly) in one patient; interatrial communication in one patient;

and cerebral palsy due to neonatal distress in one patient.

3.2 Surgical data

Scaphocephaly was surgically treated by strip craniectomy before November 2012 and by
cranial vault reconstruction thereafter (see Table 1). The median operative time in the overall
study population was 158 min [130; 190]. Median surgical times for scaphocephaly,
trigonocephaly, and coronal plagiocephaly were 130 min [90; 180], 180 min [165; 210] and,
263 min [203; 270], respectively. The duration of surgery was 220 min for lambdoid
plagiocephaly and 160 min for microcephaly. The median operative time for scaphocephaly
using the strip craniectomy technique was 135 min [130; 150] in 2012 (n=5). After using the
cranial vault reconstruction technique for scaphocephaly, the median operative time was 200
min [190; 210] in 2013 (n=2), 135 min [110; 180] in 2014 (n=6), 90 min [90; 90] in 2015 (n=5),

150 min [130; 180] in 2016 (n=3), and 60 min [60; 60] in 2017 (n=2).



3.3 Blood transfusion and EPO protocol

A total of 32 patients (76%) received blood transfusion with a median volume of transfusion of
13.69 mL/kg [10.30; 19.83] (see Table 1). All the patients operated on after November 2012
(36/42) received EPO and iron supplementation. Before the beginning of the protocol, there
were no differences in hematocrit levels between patients receiving EPO or not (36.11 + 3.47
vs. 35.90 £ 2.25 respectively; p=0.88). Patients who received iron and EPO showed an increase
in hematocrit level preoperatively in comparison with their baseline level (40.61 + 3.55 vs.
35.86 + 3.52; p<0.001). From the subgroup that received EPO (n=36), 14 patients with
scaphocephaly (67%) received blood transfusion with a median volume of 13.33 mL/kg [10.29;
15.42]. Nine patients (90%) presenting with trigonocephaly received blood transfusion with a
median volume of 19.46 mL/kg [10.99; 20.32]. All patients with plagiocephaly received blood
transfusion, with a median volume of 15.91 mL/kg [11.91; 29.90] for coronal plagiocephaly
and 10.31 mL/kg for lambdoid plagiocephaly. Regarding weight in the same EPO subgroup,
76% of low-weight (<8kg) patients (13/17) received blood transfusion and 79% of patients with

elevated weight (>8kg) (15/19) received blood transfusion.

3.4 Hospital stay and complications

The median hospital stay was 7 days [6; 7] with 1 day in the postinterventional care unit for
83% of patients (see Table 2). The global complication rate was 12% (95% CI: 4%—-26%).
There were two serious complications. The first case was perioperative: a cardiorespiratory
arrest at the end of lambdoid plagiocephaly surgery, which had a favorable postoperative
outcome. The other serious complication was postoperative: a patient with trigonocephaly
suffered from a venous access infection that worsened to sepsis and was retransferred to the

postinterventional care unit for 3 more days. The sepsis resolved without further complications.



There were several minor complications. Two patients with scaphocephaly needed a second
operation for cutaneous complications: one patient presented with skin necrosis that required
debridement 20 days after surgery and rehospitalization of 26 days. In the other patient, a
botryomycoma developed on the scar that was operated on twice at 4 and 5 months after the
index surgery. Finally, we report a minor complication of a hematoma that was drained

percutaneously. These minor complications did not increase the length of hospital stay.

4. DISCUSSION

This body of work reports the experience of our low-volume center. We performed 42
interventions in 5 years, the majority of which were cases of scaphocephaly (55%) and
trigonocephaly (31%). Our global complication rate according to the Leeds classification was

12%.

4.1 Epidemiology and operative time
The epidemiologic data in our series are similar to those in the published medical literature:
The most frequent type of craniostenosis was sagittal suture, followed by metopic suture and
coronal suture. Moreover, the predominant male sex ratio reported in our series is also similar
to published series [5—7]. Additionally, the upward trend in the frequency of metopic synostoses
described by Di Rocco et al. [7] was also found in our series (55% scaphocephaly, 31%
trigonocephaly, and 17% plagiocephaly). We compared the operative times of scaphocephaly
procedures. The median operative time using the strip craniotomy technique was 135 min in
2012. The change of the operator and technique (cranial vault reconstruction technique) in 2013
resulted in an increase in the median operative time to 200 min. However, the operative time

decreased to 60 min in 2017 thanks to the experience gained by the operator.



4.2 Type of center, complications, blood transfusions, and hospital stay

Chattha et a. [3] classified therapeutic centers as low-volume centers, intermediate-volume
centers, and high-volume centers if they performed 1-13, 14—-34, or >35 interventions per year,
respectively. Consequently, our center with 42 procedures in 5 years is considered a low-
volume center according to Chattha’s classification. The rate of major complications in our
series (4.8%) is similar to the rates reported for centers with the same volume in Chattha’s
series[3]. One must bear in mind that these rates vary according to the adopted definition of
“major complication.” In Chattha’s series, only deep vein thrombosis, pulmonary embolus,
hematoma, wound dehiscence, hemorrhage, seroma, infection, bleeding, urinary tract infection,
acute kidney injury, bleeding, acute coronary event, and cerebrovascular accident were taken
into account. We reported the complications in our series according to the Leeds classification
[4] (Table 3) since we believe it is more comprehensive. This classification has several
advantages when compared with others that arbitrarily define complications and esthetic results
[8—15]. It takes into account the perioperative complications, short-term complications, and
long-term complications and classifies them into two categories: those requiring hospital
readmission or not. Shastin et al. published a report in 2017 of their series of an intermediate-
volume center (103 patients and 108 procedures in 5 years) [4]. The global complication rate
reported in this series was 35.92% (37/103 patients), and thus greater than our global
complication rate (12%). We compared the types of complications in our series with published
series. We reported one perioperative complication and two (4.8%) short-term complications
(one requiring longer hospital stay) versus O perioperative and 24 (47%) short-term
complications in the Shastin series [4]. Moreover, we reported one (2%) long-term complication
that required readmission and surgery at 4 months postoperatively versus six cases (11%) in the
Shastin series [4]. Chattha et al. [3] reported a mean hospital stay of 3.31, 3.07, and 2.96 days

in low-volume, intermediate-volume, and high-volume centers, respectively. In comparison,



mean hospital stay in the Shastin series [4] was 4.1 days and thus longer than the reported values
by Chattha [3]. Chattha and colleagues considered that mean hospital stay reflects the economic
efficiency of the center. The mean hospital stay in our series may appear excessive (1 day in
postinterventional care unit and 6 days in conventional hospitalization unit) but it is a deliberate
institutional choice that undeniably reduces short-term and long-term complication rates as per
the Leeds classification. In fact, short-term (category 2A + 3A + 3C) and long-term (category
2B +3B + 3D) complication rates were 9.7 times (0% vs. 9.71%) and 6 times (2.4% vs. 14.56%)
lower, respectively, than in the Shastin series [4]. It is impossible to compare complication rates
in our series with Chattha’s series since they counted only serious complications [3]. In our
opinion, considering only mean hospital stay and treatment costs as efficacy indicators of a

center while neglecting minor complications and readmission rates seems inadequate.

Moreover, considering blood transfusion quantity as an efficacy indicator of a center as
suggested by Chattha et al. [3] does not seem to be pertinent in our opinion. Shastin reported
[4] a global blood transfusion rate of 75.9%, of which 56.6% occurred perioperatively at a mean
volume of 11.2 mL/kg. This is similar to our results: 76% global blood transfusion rate at a
mean volume of 13.69 mL/kg. The blood transfusion rate in our series was higher for patients
with trigonocephaly than for those with scaphocephaly (18 vs. 16.8 mL/kg). This is not
surprising since trigonocephaly surgical treatment requires extensive craniotomies. Weight was
not statistically correlated with the blood transfusion rate. This can be explained by technical
considerations: craniotomies in young patients do not require separation of the bone from the
periostea, which significantly reduces bleeding, in contrast to older (and thus heavier) patients.
In general, scaphocephaly craniotomies are usually performed at younger ages. When these
craniotomies are performed late, they require periosteal separation and more extensive bone
remodeling (fronto-orbital remodeling). In November 2012, we introduced a treatment protocol

with the objective of reducing the blood transfusion rate. Our protocol comprised preoperative



administrations of EPO and iron as well as perioperative intravenous injection of tranexamic

acid. Unfortunately, this protocol did not reduce the blood transfusion rate.

4.3 Which indicator reflects the quality of healthcare in facio-craniostenosis

surgery?

Pediatric pathologies are complex for several reasons. First, craniostenosis is generally
encompassed in syndromic diseases with multiple malformations and organ dysfunctions.
Second, these associated conditions may impeach on the child’s growth. Finally, this chronic
and multifaceted evolution requires a holistic care plan, hence rendering counterproductive the
treatment of each pathology separately without concerted effort. Consequently, the Maternal
and Child Bureau’s Division of Services for Children with Special Healthcare Needs proposed,
in 1995, the concept of children with special healthcare needs and defined which children
require special healthcare needs and also which children have an important risk of developing
a physical, emotional, developmental, or behavioral chronic disease. This bureau also stated
which healthcare services, and at which frequency, are needed by these children [16].
Therefore, there seems to be consensus that these children require a new holistic care plan
centered on the patient and their family. Ascertaining the quality of care of this new plan
requires specific indicators different from the indicators usually attributed to acute and less
complex diseases. Therefore, new health indicators called “patient-reported results” in which
the patient and the caregiver report their health status were created; for example, self-evaluated
health indicators that comprise functional capacity and health-related quality of life [17, 18].
Few studies took interest in the health-related quality of life of children and adolescents with
non-syndromic craniofacial pathologies and of their family members [19]. In fact, most studies

disregard the quality of life and evaluate surgical success in adults [20] or in patients with



syndromic craniostenosis [21, 22]. As such, it is paramount to evaluate the impact of surgical
treatment with regard to the quality of life of the patient and their family. Some studies aimed
to evaluate the quality of life of craniostenosis patients using child and mother self-reported
assessments of behavior, self-image, emotional well-being, parental satisfaction, and social
support [23]. Other studies failed to identify differences in the psychological, behavioral, and
social development between normal children and children with craniofacial pathologies after
statistical adjustments for confounding factors such as socioeconomic environment, familial
support, and intellectual quotient [24-28]. To our knowledge, no prospective and multicenter
study has focused on the impact of surgery on the quality of life of pediatric patients with

craniostenosis.

5. Conclusion

Our work underlines some important issues to keep in mind in the advent of a new French plan
for the certification of centers as qualified for treating craniostenosis. Classic indicators such as
the number of procedures (or volume of activity), mean hospital stay, and blood transfusion
rate that are generally used to determine the qualification of a center to treat craniostenosis are,
in our opinion, not pertinent. By contrast, we believe that complication rates reflect the quality
of care of a center. All complications must be listed with exhaustive detail. We consider the
Leeds classification as the most appropriate for craniostenosis. It is also mandatory to define
new indicators capable of measuring the quality of life related to surgical procedures and to use
such indicators to evaluate the competence of a center. In fact, the quality of life of patients and
their families is more relevant clinically and reflects more truly the quality of care than does

the mean hospital stay or the blood transfusion rate.
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Table 1. Patient characteristics

Coronal Lambdoid
Scaphocephaly Trigonocephaly . . Brachycephaly Total
_ _ plagiocephaly plagiocephaly _ _
(n=23) (n=13) (n=4) (n=1) (n=1) (n=42)
Male sex 21 (91.3) 9(69.2) 2 (50.0) 0(0.0) 1 (100.0) 33 (78.6)
Age (months) 4.8 [3.8;7.5] 8.7[7.0;9.9] 16.1[13.7;20.9] 13.4 70.7 7.414.8;10.4]
Weight (kg) 7.50 +1.30 9.06 +1.60 9.45+1.72 9.70 15.0 8.40+1.92
Operative time (min) 130 [90; 180] 180 [165;210] 263 [203;270] 220 160 158 [130; 190]
Blood transfusion 16 (69.6) 11 (84.6) 4 (100.0) 1 (100.0) 0 (0.0) 32 (76.2)
Volume (ml/kg) 13.3[10.5; 17.8] 17.7 [10.0; 20.3] 15.9[11.9;29.9] 10.31 - 13.7[10.3; 19.8]
Hospital stay (days) 716;7] 717 ;8] 717 ;7] 11 4 716 ;7]
PICU stay
1 day 20 (87.0) 12 (92.3) 2 (50.0) 0(0.0) 1 (100.0) 35 (83.3)
>2 days 3 (13.0) 1(7.7) 2 (50.0) 1 (100.0) 0 (0.0) 7 (16.7)

Data are presented as number of patients (percentages), mean * standard deviation, or median [1st quartile; 3rd quartile]. PICU:

postinterventional care unit.



Table 2. Detailed description of surgical complications according to the Leeds classification

n (%) Leeds Rehospitalization
Minor complication
Cutaneous complications 3(7.1%)

Hematoma 1(2.4%) 1A 0

Skin necrosis 1(2.4%) 1C 1 (26 days)

Scar botryomycoma 1 (2.4%) 2B 2 (2 days and 7 days)
Major complications

Cardiovascular arrest 1(2.4%) 0B 0

Sepsis 1 (2.4%) 1A 0 (3 days in PICU)
Total complications 5(11.9%)
Total surgeries 42 (100%)

PICU: postinterventional care unit



Table 3. Leeds classification of complications in craniosynostosis surgery

Type Description

0 Perioperative occurrence
A Excessive blood transfusion (>60 mL/kg)
B Significant anesthetic instability or complications
C Unplanned surgical intervention during index admission

1 Inpatient complications

w/ normal LOS (w/in 2 SD)

w/ prolonged LOS (>2 SD)

w/ exceptionally prolonged LOS (>2 weeks)

QW >

2 Outpatient complications not requiring readmission
<30 days since discharge
>30 days since discharge

w >

3 Complications requiring readmission
Nonsurgical, <30 days since discharge
Nonsurgical, >30 days since discharge
Surgical, <30 days since discharge
Surgical, >30 days since discharge

OaQw

4 Unexpected long-term deficit
Resolved by 6 months
Present at 6 months

W >

5 Mortality
Inpatient or <30 days since discharge
>30 days since discharge

w >




LOS: length of stay; SD: standard deviation

Figure Legends
Figure 1: Comparison of our series with Shastin’s according to the Leeds classification in term of complications.

In blue our data, in yellow Shastin’s data.
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