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postoperative. Extreme postoperative vigilance is 
required and recovery in a high dependency unit is highly 
recommended.

Keywords Anesthesia · Rett syndrome · Scoliosis · 
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Introduction

Rett syndrome is a rare genetically inherited neuromus-
cular disorder, with an estimated incidence of 1:10,000, 
affecting exclusively female patients [1]. One of the main 
characteristics of the disease is the progressive loss of pre-
viously acquired cognitive, social and motor milestones at 
the age of 6–18 months in children with apparently nor-
mal milestone achievements until then. Other features 
comprise epilepsy, stereotypic hand movements, autistic 
behavior, abnormal respiratory patterns, gastroesophageal 
reflux, nutrition issues and severe scoliosis [2, 3]. Muta-
tions in the MECP2 gene, associated with a structural 
defect in the short arm of the X chromosome, are found to 
be implicated in most of the patients with the syndrome. 
Due to the high incidence and the severe degree of pro-
gressive scoliosis these children are very likely to undergo 
spinal fusion. In fact, nearly half of the patients will need 
operation as the curvature worsens [4]. The aforemen-
tioned pre-existing disease-related abnormalities, mainly 
relating to respiratory and gastrointestinal systems, mean 
that the management of patients with Rett syndrome is 
challenging with a high risk of perioperative complications 
[5]. Due to the rarity of the disease, the current informa-
tion comes mainly from case reports and case series, the 
latter focusing mainly on surgical outcome [2, 4]. The 
aim of the present study was to identify the anesthetic 
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difficulties encountered and the perioperative adverse 
events of patients with Rett syndrome undergoing spine 
surgery, in an effort to improve perioperative management 
and reduce complications.

Methods

Local Ethics Committee approval was applied for, but was 
not deemed necessary for the present study by our hos-
pital committee (SE12.021). All patients with Rett syn-
drome who had scoliosis surgery in the period 2005–2013 
were identified from the hospital’s registration system and 
were included in the study. The search resulted in 25 anes-
thetic charts/notes. The records of these eligible patients 
were reviewed by the authors and the data were entered 
into a standardized form. One patient was excluded from 
the study as she was diagnosed with Chiari malformation 
instead of Rett syndrome. Procedures other than spine sur-
gery, such as general anesthesia for tracheostomy, were not 
included.

We evaluated the preoperative assessment details, 
premedication, type of anesthesia and the main postop-
erative outcome and complications. The preoperative 
assessment focused on the presence of epilepsy and the 
degree of control, the frequency of chest infections, the 
cardiovascular status and any other existing co-morbid-
ity. We also recorded the preoperative blood pressure, 
heart rate and oxygen saturation (SpO2). Blood inves-
tigations included hemoglobin, white blood cell count, 
platelets, sodium, potassium, blood urea nitrogen (BUN) 
and creatinine.

Intraoperative data recorded included the drugs used for 
induction and maintenance of anesthesia and analgesia. 
Intraoperative blood loss, amount and types of intravenous 
fluids administered, use of tranexamic acid and cell sal-
vage, and somatosensory evoked potentials (SSEP) moni-
toring were also recorded. Postoperatively, we recorded all 
complications as well as the number of days spent in high 
dependency unit (HDU)/intensive care unit (ICU), days 
until discharge from hospital and in-hospital mortality. A 
high dependency (“level 2”) unit is an area in a hospital 
where patients can be cared for more extensively than on a 
normal ward, but not to the point of intensive care. Level 2 
care is defined as “more detailed observations or interven-
tion including support for a single failing organ system or 
postoperative care and those ‘stepping down’ from higher 
levels of care”.

Data are presented as mean values ± standard devia-
tion (SD) or percentages when applicable. A two-sample t 
test was used for comparison between subgroups. P < 0.05 
was considered statistically significant. For skewed data, 
median values are also presented in brackets.

Results

We identified 24 children with Rett syndrome who under-
went 29 procedures between 2005 and 2013. Procedures 
comprised 16 single-stage posterior fusions and 3 sin-
gle-stage anterior fusions, while 5 patients had a two-
stage operation (anterior and posterior). Mean age was 
15.2 ± 3.4 years (range 10–22 years). All were conducted 
by experienced pediatric anesthetists and specialized spine 
surgeon consultants. The anesthetic chart was missing in 
one patient.

Patient characteristics, preoperative vital signs and blood 
test results are shown in Table 1. Cardiovascular abnormal-
ities were identified in two patients only. One of them had 
mitral valve prolapse and the other had transposition of the 
great arteries which had been repaired in early childhood 
and good ventricular function was confirmed by echocardi-
ography. Of the 24 patients, 12 (50 %) had a history of fre-
quent respiratory tract infections defined as 4 or more epi-
sodes in a year, among whom 4 patients needed nebulizers 
at home. Eighteen children had epilepsy (75 %). Of these, 6 
were on triple antiepileptic treatment, 5 were receiving two 
different medications, 6 were only having one antiepilep-
tic drug and 1 patient was not on any regular medication. 
Regarding feeding, 8 children (33.3 %) had normal oral 
intake, 10 were able to eat semi-solid food only and 6 were 
fed through percutaneous endoscopic gastrostomy (PEG). 
Among the 24 patients, 11 (45.8 %) were wheelchair-
bound, 5 were able to stand but not walk, only 6 could walk 
and data were missing for 2 patients. No premedication 
was given in any of the patients.

Both inhalational and intravenous induction was used 
with a variety of neuromuscular blocking agents, analgesics 
and adjuvants administered intraoperatively (Table 2). The 

Table 1  Patients’ characteristics, preoperative vital signs and blood 
tests results

Values are expressed as mean ± SD. For skewed data median values 
are included in brackets

Age (years) 15.2 ± 3.4 [14]

Weight (kg) 34.4 ± 7.2

HR (beats/min) 93 ± 12 [96]

BP (mmHg) 103 ± 12/61 ± 9

SpO2 (%) 97 ± 2

Na+ (mmol/L) 139 ± 2

K+ (mmol/L) 4.0 ± 0.4

Blood urea nitrogen (BUN) (mmol/L) 4.6 ± 4.3 [3.45]

Creatinine (μmol/L) 41.9 ± 17.1 [45]

Hb (g/dl) 12.5 ± 1.1

WBC (×109/L) 7.2 ± 1.9

PLT (×109/L) 242 ± 62
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minimum alveolar concentration (MAC) was used as a guide 
for anesthetic depth as a bispectral index (BIS) monitor was 
not available in our institute. Sixteen patients (66.7 %) were 
classified as grade 1 Cormack–Lehane laryngoscopy view, 3 
(12.5 %) as grade 2 and only 1 (4.2 %) as grade 3. Data were 
not available for 4 patients. For the patient with grade 3 view, 
the trachea was intubated using a gum elastic bougie. Dif-
ficult intubation was attributed to microcephaly and repaired 
cleft palate rather than the syndrome itself. This same patient 
suffered from multiple desaturation episodes when re-
intubated in ICU in an emergency setting. Somatosensory 
evoked potentials (SSEPs) were monitored in all procedures, 
but data were missing in two cases. The only finding was 
small amplitude traces in one girl. Data on intraoperative 
blood loss and fluid replacement are presented in Table 3. 
One patient suffered intraoperative cardiac arrest just before 
the end of the surgical procedure. Return of spontaneous cir-
culation (ROSC) after cardiopulmonary resuscitation (CPR) 
was achieved and the patient was transferred to ICU with an 
endotracheal tube in situ.

All patients were electively admitted to HDU/ICU post-
operatively. Ten (34.5 %) patients were electively ventilated 

after the surgical procedure. The mean time of mechanical 
ventilation was 4.1 ± 6.0 (range 1–22 days). The reasons 
were respiratory issues in 5 patients, intraoperative blood 
loss in 4 patients and intraoperative cardiac arrest with 
return of spontaneous circulation (ROSC) after cardio-
pulmonary resuscitation (CPR) in 1 individual. This latter 
patient had subsequent cardiac arrest episodes and died on 
the first postoperative day. A postmortem conducted on the 
patient could not identify the cause of death. The probable 
cause of death was blood loss (1.5 times the total circulating 
volume) and hyperkalemia induced by massive blood trans-
fusion. Five patients (21 %) had to be re-intubated in ICU. 
The reasons were pneumonia in 3 patients, lung collapse in 
one and post-extubation aspiration in one. Tracheostomy 
was carried out in 4 patients (13.7 %) and mean duration 
was 19.5 ± 4.1 days (range 16–25 days). Failure of weaning 
from mechanical ventilation was secondary to chest infec-
tion in 3 and aspiration in 1 patient. The remaining postop-
erative complications are described in Table 4. In total, the 
common postoperative complications involved the gastroin-
testinal tract (14 episodes, 48.3 %) and the respiratory sys-
tem (13 episodes, 44.8 %). Five patients (21 %) had to be 
re-admitted to ICU after discharge to the ward. The reasons 
for re-admission were chest infection in 4 patients and prob-
able aspiration in 1. One patient had to be re-intubated, 1 
patient needed noninvasive ventilation and the others were 
conservatively managed with antibiotics and monitoring. 
Mean total ICU days were 8.1 ± 8.7 [median 6] and mean 
days to discharge were 26.5 ± 19.6 [median 21]. When 
patients were sub-divided into single-posterior, single-ante-
rior and two-stage operation groups, mean HDU days were 
9.4 ± 10.2 [median 6], 15 ± 8.2 [median 17], and 8 ± 7.4 
[median 5], respectively (Fig. 1). Similarly, total days to dis-
charge were 27 ± 23.8 [median 20], 21.3 ± 10.0 [median 
22], and 28.2 ± 8.13 [median 26], respectively (Fig. 2).

Table 2  Induction, maintenance, analgesic and adjuvants adminis-
tered

N/A not available

Number of patients

Induction

 Sevoflurane 13

 Propofol 12

 N/A 4

Maintenance

 Desflurane 16

 Isoflurane 8

 Sevoflurane 2

 Propofol 0

 N/A 3

Muscle relaxant

 Vecuronium 24

 Rocuronium 3

 N/A 2

Opioid

 Remifentanil 25

 Morphine 21

 Fentanyl 5

 N/A 3

Other

 Ketamine 2

 Clonidine 13

 Paracetamol 20

 Tranexamic acid 14

Table 3  Intraoperative blood loss and fluid replacement

Values are expressed as mean ± SD. For skewed data median values 
are included in brackets

TA tranexamic acid

Total blood loss (ml) 1160 ± 835

Blood loss in relation to TA administration (ml)

 With TA 1507 ± 816 [1500] p = 0.08

 Without TA 856 ± 836 [475]

Fluids administered (ml)

 Crystalloids 1169

 Colloids 750

Autologous blood transfused (ml)
(number of patients: 16 or 55 %)

549 ± 305 [540]

Homologous red blood cells  
transfused (units) (number of  
patients: 14 or 48 %)

2.2 ± 1.16 [2]
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Discussion

Scoliosis can affect 50–75 % of patients with Rett syn-
drome [6, 7]. Since the curvature is usually severe and pro-
gressive, surgical correction is often required. Indications 
for surgery include a curve greater than 40–45°, pain or loss 
of function [4]. Long-term benefits include improvement 
in posture and digestion and reduction in the frequency/
severity of respiratory tract infections [4]. The periopera-
tive risks and the potential for long-term benefit have to be 

weighed before the final decision. In our case, a multidis-
ciplinary team participated from a preoperative evaluation 
to postoperative management, and all cases were managed 
postoperatively in HDU/ICU.

Preoperative evaluation

All the patients were admitted preoperatively as inpatients 
to facilitate evaluation by a multidisciplinary team includ-
ing surgeons, anesthetist, intensivist, paediatrician, physi-
otherapist and dietician. Evaluation of the respiratory sta-
tus is crucial in patients with Rett syndrome. The chest 
was evaluated by anaesthetists, paediatricians and inten-
sivists. There is a wide spectrum of breathing disorders 
which include periods of hyperventilation, hypoventilation, 
breath holding, apneic episodes and Valsalva maneuvers 
[8]. Usually, apneic events alternate with hyperventilation 
and irregular breathing. The breathing disorders along with 
the severe degree of scoliosis result in frequent chest infec-
tions. This finding was confirmed in our study, as almost 
half of the patients suffered from recurrent respiratory tract 
infections. Our medical history was as detailed as possible 
in an effort to identify every aspect of the aforementioned 
pre-existing respiratory defects. More specific evalua-
tion needing patients’ cooperation remains challenging 
and mostly impossible. Therefore, spirometry results were 
scarce. Similarly, airway assessment was deficient.

From the cardiovascular point of view, only two patients 
had a pre-existing cardiac abnormality. Exercise tolerance 

Table 4  Main postoperative complications after spinal fusion in Rett 
syndrome patients

Complication Number of patients

Pyrexia 12

Feeding issues (total) 9

 Nasogastric tube insertion needed 5

 Total parenteral nutrition (TPN) 4

Persistent vomiting 8

Pneumonia 6

Continuous positive airway pressure (CPAP) 
needed

6

Seizures 4

Inadequate pain control 4

Aspiration 3

Clotting disorders 2

Wound infection 1

Fig. 1  Days spent in HDU 
according to the type of opera-
tion. HDU high dependency 
unit
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was not evaluated as mobility is limited. Specifically, 
almost half of the patients were wheelchair-bound. Nev-
ertheless, the possibility of structural cardiac defects is 
not high in this population. However, cardiac conduction 
abnormalities, prolonged QTc, T-wave abnormalities and 
severe bradycardia have been reported [9–11]. In our series 
of patients, we did not notice any adverse event due to car-
diac abnormalities in the perioperative period, and, simi-
larly to other case series, no long QTc was found in any of 
the subjects [10]. However, we cannot ignore the necessity 
of vigilance with QT-prolonging drugs.

Seizures are present in the majority of patients and char-
acteristically about 46 % are resistant to medication [12]. 
This finding was again confirmed in our study. Seizures 
may be even more difficult to manage in the perioperative 
period and special attention to optimum preoperative con-
trol should be given.

Feeding issues are encountered in the vast majority of 
affected patients. Among these, of particular importance is 
the presence of vomiting/gastroesophageal reflux and sub-
sequent potential aspiration [5]. No information exists as to 
whether rapid sequence induction would be prudent, but it 
seems that if the patients are adequately fasted the risk of 
aspiration during induction is not common [5]. No studies, 
including ours, have reported regurgitation and/or aspira-
tion during induction [5]. The preoperative nutritional sta-
tus, on the other hand, has an impact on the recovery pro-
cess and should be assessed thoroughly before the planned 
surgery. Expert consensus is that preoperative nutritional 

status should include body mass index, hemoglobin, elec-
trolytes, albumin and white blood cell count [9]. We did 
not find any electrolyte or white cell count abnormalities, 
hemoglobin was normal, while body mass index and albu-
min were not extracted from the patients’ notes. However, 
dieticians, part of the team, also assessed all patients preop-
eratively in an attempt to optimize any nutritional deficits 
and minimize postoperative complications.

Airway and anesthesia/intraoperative complications

The risk of difficult intubation, mainly associated with 
micrognathia and trismus, has been underlined in the past 
[13]. Limited mouth opening, due to which fiberoptic intu-
bation was carried out, has also been reported recently [14]. 
In our case series, there was no difficult intubation during 
induction and only one patient needed intubation with gum 
elastic bougie.

The type and dose of drugs used were no different from 
the current anesthetic practice for the general pediatric 
population. Even though autonomic dysfunction may exist 
[9, 15], we did not have any marked hypotension or other 
incident during induction. Some authors claim that affected 
patients have reduced analgesic requirements [9], but we 
did not confirm this finding. Doses of opioids, adjusted to 
body weight, were similar to the general population. More-
over, we did not encounter any incidence of delayed awak-
ening from anesthesia, even though this has been reported 
in the past [3, 16]. In a case report by Kim et al. [3], 

Fig. 2  Days of hospital stay 
according to the type of opera-
tion
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continuous propofol (100–125 μg/kg/min) and remifenta-
nil (0.1–0.15 μg/kg/min), monitored by BIS (30–45), was 
administered for 6.5 h and the patient’s trachea was extu-
bated 4 h after the procedure. Normal awakening times are 
reported in most subsequent recent studies [7, 17, 18]. BIS 
can be a successful tool for anesthesia depth monitoring in 
such cases [3, 9].

SSEPs were monitored in all cases. Since epilepsy 
was a relative contraindication to motor evoked potentials 
(MEPs), these were omitted, in agreement with the surgi-
cal team, although it is well-known that the combination 
of SSEPs and MEPs provides the best results [19]. Cur-
rently, MEPs are also advised in Rett syndrome patients 
undergoing spine surgery [9]. The reliability of SSEPs 
alone, especially in Rett syndrome patients, is relatively 
unknown, but they are still recommended [9]. A recent ret-
rospective study of a limited number of cases (7 patients/8 
procedures) showed promising results and good correlation 
between SSEPs and neurological injury, but more studies 
are needed [19]. Low-amplitude waveforms have been seen 
in patients with Rett syndrome, but not consistently. In our 
study, normal baseline traces were obtained in all but one 
child who demonstrated low-amplitude traces, which were 
not correlated with spinal cord/nerve injury.

Intraoperative bleeding is always a risk in spinal fusion 
surgery with high perioperative transfusion rates [20]. The 
risk of hemorrhage was discussed with the surgical team 
before the operation and in cases of high risk the cell saver 
was used in theatre. Tranexamic acid was administered 
in 14 of the 29 procedures. It is not yet clear, however, 
whether its use offers any protection against red blood cell 
transfusion in neuromuscular scoliosis correction and our 
study was too small to add any information to elucidate 
[20, 21].

Postoperative complications/outcome

The recommendations are postoperative monitoring in 
intensive care setting due to a high complication rate [9]. 
Feeding difficulties, respiratory complications and pain 
control are some of the well-recognized issues that may be 
encountered. In our study, the most commonly encountered 
complications involved the gastrointestinal and the respira-
tory systems. The respiratory complications had a greater 
impact on the hospital stay than the gastrointestinal ones, 
which were minor like vomiting and can be treated easily.

Similarly, in a case–control study by Gabos et al. [2], 
respiratory complications were the most common in 
patients with Rett syndrome, comprising 61 % of all major 
complications. In this study, 6 of the total of 16 patients 
developed pneumonia postoperatively and 2 had to be re-
intubated due to low oxygen saturation associated with 
underlying pulmonary disease. In our case series, there was 

a 21 % re-intubation rate and readmission to ICU, predomi-
nantly due to pneumonia. 13 % of the patients needed tra-
cheostomy due to prolonged mechanical ventilation. Irreg-
ular breathing with low tidal volumes has been reported 
even after minor procedures [11]. Aggressive chest physi-
otherapy is mandatory [9]. Non-invasive positive pressure 
airway support is very likely to be needed and should be 
applied early [9]. 25 % of the patients needed noninvasive 
ventilator support in our case series.

Out of 18 patients with pre-existing seizures, 4 had 
seizures postoperatively. Of those, 3 had poorly con-
trolled epilepsy with seizures every week and only one 
had better control with seizures less frequently than once 
a month. Patients suffering from poorly controlled sei-
zures are at increased risk of postoperative deterioration. 
To this end, pharmacological control should be optimized 
preoperatively.

Analgesia should be carefully titrated in order to avoid 
any degree of respiratory depression. Ideally, a special-
ist team should be involved in the first 24 h [9]. Analgesia 
issues are common, especially due to lack of communica-
tion, and parental input should be taken into consideration. 
Multimodal analgesia, including paracetamol, ketamine and/
or small doses of clonidine, could also be of help in reducing 
opioid requirements. Increased anxiety, due to pain or other 
causes, can worsen breathing disorders [8]. Increased pain 
threshold has also been described in one case [22].

Early postoperative death occurred in one patient. After 
thorough discussion and review, we speculated that hypo-
volemia, lactic acidosis and subsequent poor response to 
hyperkalemia treatment was the main cause of death. In 
fact, lactic acidosis and elevated ammonia levels have been 
associated with the disease [11, 23]. Sudden death is a fea-
ture of patients with Rett syndrome [10, 24].

Regarding staged procedures, it seems that two-stage 
scoliosis repair is not associated with more days spent in 
ICU, but the total number of days in the hospital is higher, 
as would be expected.

Feeding issues may arise postoperatively. What is more 
common, though, is the risk of postoperative deterioration 
of any feeding difficulties [4]. Post-extubation aspiration is 
a risk which impacts recovery. As in our study, total par-
enteral nutrition may be needed in cases of prolonged ICU 
stay.

The limitation of the study is that it is a retrospec-
tive review of cases notes and includes no control group. 
Moreover, the number of patients included is quite small. 
Unfortunately, the rarity and the characteristics of the dis-
ease make the design of randomized controlled trials very 
difficult. Due to the retrospective nature of the study, some 
minor complications may have not been included in the 
patients’ notes. However, even such studies can add valu-
able information to the current literature.
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Conclusions

For the patients with Rett syndrome, a multidisciplinary 
team participated from preoperative evaluation to post-
operative management, and all cases were managed post-
operatively in HDU/ICU. Nevertheless, more than a few 
serious complications occurred. In fact, our case series 
demonstrates a high incidence of complications, mainly 
postoperative, in patients diagnosed with Rett syndrome 
who undergo spinal fusion surgery. These mainly include 
the respiratory and gastrointestinal systems, with the for-
mer involving more major complications than the latter. 
Extreme postoperative vigilance is required and recovery 
in a high dependency unit is highly recommended. Moreo-
ver, a multidisciplinary team approach including surgeons, 
anesthetists, dietitians and physiotherapists is mandatory 
for not worsening the outcome.
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