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Abstract: Background/Objectives: Down syndrome (DS) is the most common chromosomal
abnormality in live births in the United States. Children with DS often require anesthesia for
surgery or diagnostic imaging in their lives. These children present a unique perioperative risk
profile due to a combination of anatomic and physiological alterations, along with associated
comorbid conditions. There are limited studies on the perioperative outcomes of children
with DS. This retrospective study assesses perioperative complications in pediatric patients
with DS undergoing non-cardiac surgery or diagnostic imaging under anesthesia at a single
tertiary pediatric hospital. Methods: The electronic medical record at a tertiary pediatric
hospital was queried for children with DS who received anesthesia for non-cardiac surgery or
diagnostic imaging from May 2016 to April 2021. The primary outcomes were complications
defined as readmission, reoperation, or unexpected respiratory, cardiovascular, neurologic,
surgical, or gastrointestinal issues. Exclusion criteria were cardiac surgery, age > 18 years, and
records with incomplete or missing data. Results: A total of 1713 anesthetic records from 711
unique patients over five years were included in the final analysis. The study found a low
overall complication rate (2.98%), with respiratory events being the most common (43.1%).
While most complications are short term and resolved with treatment and time; there were
also several severe, life-threatening complications. Increased procedural complexity, multiple
procedures, and increased procedure duration were associated with higher complication
rates, whereas patient age, sex, weight, and case urgency were not associated with higher
complication rates. Conclusions: Children with DS often have comorbid conditions and
require multiple life-improving surgeries. Our study found the perioperative complication rate
for children with Down syndrome receiving anesthesia for non-cardiac surgery or diagnostic
imaging is low, comparable to the general pediatric population. The findings indicate that
anesthesia is well tolerated by children with DS. However, given patients” unique anatomic
and physiological differences, careful perioperative risk assessment and planning is essential.
Clinical Implications: (a) What is already known about the topic: Pediatric patients with DS
often require anesthesia for surgical procedures or medical imaging. They have anatomic
and physiological alterations and comorbid conditions that may influence perioperative risk.
(b) What new information this study adds: In a retrospective study at a tertiary pediatric
hospital, patients with DS were found to have a low overall complication rate after anesthesia
for non-cardiac surgery or diagnostic imaging. Increased procedural complexity, multiple
procedures, and increased procedure duration were associated with higher complication rates.
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1. Introduction

Down syndrome (DS) is the most common chromosomal abnormality in live births
in the United States occurring at a rate of approximately 1 in 1000 births [1]. The French
physicians Jérome Lejeune, Gautier, and Turpin first described the association between DS
and a third chromosome 21 in 1959 [2]. Since the 1950s, advances in healthcare have greatly
improved life expectancy for individuals with DS. Estimated survival in the first year of
life has increased from 46-71% in the 1950s [3,4] to 91% in the 1990s [5]. Life expectancy
has increased to 53-60 years in the 2000-2010s [6,7]. The increase in life expectancy is
attributable to advances in corrective cardiac surgery and overall improved healthcare [8].

Children with DS often require anesthesia for surgery or diagnostic imaging through-
out their lives. As individuals with DS live longer, an increase in the number of anesthetic
encounters is likely. These children present a unique perioperative risk profile due to
a combination of anatomic and physiological alterations, along with associated comor-
bid conditions. Airway abnormalities including macroglossia, glossoptosis, subglottic
stenosis, and atlantoaxial instability may contribute to increased difficulty with airway
management [9-16]. Airway obstruction is very common and exacerbated by adenoid and
tonsillar hypertrophy, a higher prevalence of obesity, and high incidence of obstructive
sleep apnea [17-21]. Additionally, congenital heart disease is present in approximately
40% of children with DS [22,23] and certain specific variants are associated increased
mortality as compared to children without DS [24]. Other health concerns that influence
perioperative management include sensitivity to anesthetic agents [25,26], gastrointesti-
nal abnormalities [22,27,28], impaired immune response [29], endocrine disorders [12,27],
hematologic conditions [12,27], and intellectual disability affecting patient understanding
and cooperation [12,27].

While large, prospective, multicenter studies have reported perioperative outcomes in
the general pediatric population [30-34], data specific to children with DS remain limited.
Much of the existing research is retrospective, small, and focused on a specific subset
of procedures [35-39]. Some studies report no increased complication rates [36], while
others suggest a higher risk [40]. Consequently, there is a need for updated, comprehensive
research on perioperative risks and outcomes in this unique population across a broad
range of surgical and imaging procedures. This is relevant to both general and pediatric
anesthesiologists since greater than 80% pediatric surgeries are performed as ambulatory
surgery [41]. The success of ambulatory surgery depends on careful selection, screening,
and optimization [42,43]. It is important to understand perioperative complications in
patients with DS to develop strategies to minimize complications and improve care.

The present study aims to address this gap by reporting on the incidence and types of
perioperative complications in children with DS undergoing anesthesia at a single pediatric
tertiary care center. Specifically, we seek to identify the most common perioperative adverse
events and analyze factors associated with these complications.

2. Methods

The Ann and Robert H. Lurie Children’s Hospital of Chicago Institutional Review
Board deemed this study as exempt from review, with a waiver of signed patient consent.
This was a single center retrospective cohort study of patients with DS. A chart review
of all anesthetics occurring in patients with DS between May 2016 and April 2021 was
performedusing the Epic Systems electronic medical records platform (Verona, WI, USA)
and a dataset was created with the following information: age, patient weight, gender,
American Society of Anesthesiologists (ASA) physical status, surgical specialty, relative
value units (Centers for Medicare and Medicaid Services Resource Based Relative Value
Scale or RVUs), length of case, length of stay, complications, procedures performed, and
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urgence of case booking. Work RVUs [44] were summed based on the procedures recorded.
Work RVUs were used as a proxy for case complexity [45]. Each anesthetic record was
reviewed for perioperative adverse events by one of the authors. Complications were
defined as readmission, reoperation, or unexpected respiratory, cardiovascular, neurologic,
surgical, or gastrointestinal issues. Exclusion criteria were cardiac surgery, age > 18 years,
and records with incomplete or missing data. Continuous variables are presented as mean
(standard deviation) for normally distributed data or median [interquartile range] for
non-normal distributions. Categorical variables are reported as frequencies (percentages).
Group comparisons (complications vs. no complications) were performed using inde-
pendent t-tests or Wilcoxon rank-sum tests for continuous variables and chi-square or
Fisher’s exact tests for categorical variables, as appropriate. Two-sided p-values < 0.05
were considered statistically significant. A univariate logistic regression model was used to
assess the association between each characteristic and complications. Surgical specialties
that did not have complications were excluded from the logistic regression model because
calculating an odds ratio was not possible. Due to collinearity between the covariates and
specialties, we could only adjust for age and gender in the multivariate logistic regression
model. In this, the univariate model is sufficient, as age and gender are not associated with
specialty line in the results. All statistical analyses were conducted using R version 4.4.0 (R
Foundation for Statistical Computing, Vienna, Austria). As this was a descriptive study
where the primary goal is to describe and summarize data without hypothesis testing, a
formal power analysis was not performed.

3. Results

The final cohort consisted of 1713 anesthetic procedures with 711 unique patients that
met the inclusion criteria (Figure 1). Of these 711 unique patients, 366 patients (51.5%)
received a single anesthetic, while 345 (48.5%) patients received two or more anesthetics
over the study period. Thirty-five cases (2.0%) were performed with sedation while the
remainder were performed under a general anesthetic. There were 380 planned admissions
(22%), 293 in-patient encounters (17%), 1029 same-day discharge encounters (60%), and
11 unanticipated admissions (0.64%). Table 1 lists the characteristics of patients with and
without complications. Table 2 lists cases by specialty. Otorhinolaryngology (ENT) had the
most numerous cases (1 = 769, 45%) followed by medical imaging (n = 214, 12%). Fifty-one
patients (2.92%) had a complication, as defined by the study metrics. Tables 3 and 4 list the
complication rate by specialty and complication type, respectively.

Table 1. Characteristics of patients with and without complications.

No Complication Complication
N= 1662P N= spl p Value
Age, years (std dev) 6.58 (5.12) 6.43 (5.28) 0.85
Sex 0.26
F 669 (40.3%) 16 (31.4%)
M 993 (59.7%) 35 (68.6%)
Weight, kg (std dev) 23.8 (18.2) 22.6 (18.9) 0.65
Intraoperative 81.0 [50.0,126] * 101 [77.5, 180] <0.001
Minutes
Total procedures 1.00 [1.00, 2.00] 2.00 [1.00, 3.00] 0.011
Total RVU ¥ 3.52[2.01, 6.91] 7.07 [4.36, 14.6] <0.001
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Table 1. Cont.
No Complication Complication
N= 1662p N= 5pl p Value
Case Type 0.59
Elective 1,537 (92.5%) 46 (90.2%)
Non-elective 125 (7.52%) 5(9.8%)
ASA § physical status 081
Classification '
1 16 (0.96%) 0 (0.00%)
2 529 (31.9%) 14 (27.5%)
3 1053 (63.5%) 36 (70.6%)
4-5 61 (3.68%) 1 (2.0%)
Admission status 0.05
Inpatient 290 (17.4%) 3(5.9%)
Outpatient 1372 (82.6%) 48 (94.1%)

 Median [first interquartile range, third interquartile range], ¥ RVU, relative value units, § ASA, American Society

of Anesthesiologists.

Table 2. Cases by specialty.

Specialt N (%),
pecially Total N = 1713
Anesthesiology 1 (<0.1%)
Audiology 34 (2.0%)
Dentistry 88 (5.1%)
Dermatology 1 (<0.1%)
Otorhinolaryngology 769 (45%)
Gastroenterology 59 (3.4%)
Hematology/oncology 45 (2.6%)
Interventional radiology 120 (7.0%)
Medical imaging 214 (12%)
Neurosurgery 23 (1.3%)
Ophthalmology 96 (5.6%)
Oral and maxillofacial surgery 3(0.2%)
Orthopedic surgery 37 (2.2%)
Pediatric surgery 159 (9.3%)
Plastic surgery 14 (0.8%)
Pulmonary 2 (0.1%)
Rheumatology 3 (0.2%)
Transplant 3(0.2%)
Urology 42 (2.5%)

Table 3. Complication Rate by Specialty.

Specialty No Complication, n Complication, n Complication Rate
Otorhinolaryngology 738 31 4.2%
Medical imaging 213 1 0.5%
Pediatric surgery 151 8 5.3%
Interventional radiology 119 1 0.8%
Ophthalmology 95 1 1.1%
Dentistry 87 1 1.1%
Gastroenterology 57 2 3.5%
Hematology/oncology 45 0 0.0%
Urology 42 0 0.0%
Orthopedic surgery 32 5 15.6%
Audiology 34 0 0.0%
Neurosurgery 22 1 4.5%
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Table 3. Cont.

Specialty No Complication, n Complication, n Complication Rate
Plastic Surgery 14 0 0.0%
Oral and maxillofacial surgery 3 0 0.0%
Rheumatology 3 0 0.0%
Transplant surgery 3 0 0.0%
Pulmonary 2 0 0.0%
Anesthesiology 1 0 0.0%
Dermatology 1 0 0.0%

Total patients with Down syndrome
between 2012 and 2020
n=2433

75
Patients > 18 years of age

|

Patients <18 years of age
n=2358

Cardiac Surgery or Cardiac
Catheterization cases

|
N
o
©

All other surgical cases
n=2100

Patients with no anesthetics
administered

-

4

Patients who were administerd

anesthesia
n=1988
-58
L =

Patients with duplicate records

Patients with unique records

n=1930
=217 Patient records with incorrect
dates, missing procedure logs
A
Final cohort
n=1713

Figure 1. Patient flow diagram.
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Table 4. Complication Types.

Complication Type n=>51

Respiratory 22 43.1%
Gastrointestinal 15 29.4%
Surgical 8 15.7%
Cardiovascular 4 7.8%
Neurologic 2 3.9%

3.1. Respiratory Complications

In our data, respiratory events were the most common complication (n = 22, 43%).
Of the respiratory events, hypoxemia was the most common (1 = 12, 0.7%) and typically
resolved within hours to days. Only one of the patients with hypoxemia (0.06%) also
displayed severe stridor requiring several doses of racemic epinephrine and steroids.
Two patients (0.12%) required reintubation after surgery for respiratory failure. Four
patients (0.23%) had a new initiation of noninvasive positive pressure ventilation (CPAP
or BiPAP that was continued on discharge). Two patients (0.12%) remained intubated
after surgery for airway protection due to airway narrowing and/or edema. Two patients
(0.12%) presented to the Emergency Department with hypoxemia and respiratory distress
after being discharged home. None of the respiratory events occurred in anesthetics for
diagnostic imaging.

3.2. Gastrointestinal Complications

Twelve patients (0.7%) had poor oral intake leading to delayed discharge from the
hospital. Two patients (0.12%) had delayed return of bowel function, one of whom had to
be initiated on total parenteral nutrition.

3.3. Surgical Complications

Three patients (0.18%) required a second operation for hemorrhage. Two patients
(0.12%) had hematemesis or bleeding needing admission and monitoring. One patient
(0.06%) had new dysphagia and aspiration as a consequence of the surgery. One patient
(0.06%) had a wound infection. One patient (0.06%) had surgical findings that warranted
intensive care unit admission for monitoring.

3.4. Cardiovascular Complications

One patient (0.06%) experienced persistent bradyarrhythmia that required admission
and monitoring. There were two patients (0.12%) with intraoperative cardiac arrests, both
of whom had a return of spontaneous circulation. There were no reports of perioperative
deaths in our data. Additionally, one patient (0.06%) was diagnosed intraoperatively with
coarctation of the aorta necessitating admission and workup.

3.5. Neurologic

Two patients (0.12%) with a history of seizures had perioperative status epilepticus
requiring intervention.

4. Discussion

Children with DS often have comorbid conditions [46,47] requiring multiple anes-
thetics in their lifetime. While the known airway, cardiac, pulmonary, and neuromuscular
anomalies of DS might be expected to place these patients at higher risk for perioperative
events, our data did not demonstrate this. At our institution, the perioperative complication
rate for non-cardiac surgery or medical imaging was 2.98% for children with DS. There is
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no standardized definition of perioperative complications in the general pediatric literature
and reported complication rates vary widely based on these differences in defining criteria,
anywhere from 0.3% to nearly 50% [31,48,49]. Our complication rate is comparable to
previously reported rates at institutions with dedicated pediatric anesthesiology providers
taking care of complex or sicker patients (4.4% and 3.3%) [50,51]. There are studies demon-
strating that children with DS are not at additional risk of perioperative complications in
both cardiac and non-cardiac surgery [36,37,52-55]. However, there are certain surgeries
where their outcomes are notably worse [24].

Perioperative respiratory events are one of the major causes of morbidity and mortality
in pediatric patients undergoing anesthesia [31,32,49]. In our data, respiratory events were
the most common complication (43.1%). Of the respiratory events, hypoxemia was the most
common and typically resolved within hours to days. Several patients had more critical
events such as needing reintubation postoperatively or readmission for respiratory failure.
Complications reported in Borland et al. [35] (bradycardia, obstruction, difficult airway,
post intubation croup, and bronchospasm) did not figure prominently in our data. This
difference in the types of complications may be attributed to the advancement of pediatric
anesthesia practice with the routine use of low-pressure cuffed endotracheal tubes and the
increased utilization of supraglottic airway devices.

Inadequate oral intake was the second most common complication in our dataset (24%).
The refusal to eat or drink postoperatively is multifactorial. It may be due to oropharyngeal
pain and dysphagia, as in after airway surgery, and compounded by intellectual disability.
While inadequate oral intake may not pose immediate life-threatening risks, it impacts
postoperative recovery and patient well-being and may lead to unplanned admissions,
lengthened hospital stays, and increased costs.

There was a notable difference in complication rates between outpatients and inpa-
tients (3.4% vs. 1.0%) and 3.38 increased odds of a perioperative adverse event (p = 0.042,
Table 5). This is a surprising finding as previous studies have demonstrated that outpatient
surgery is safe in pediatric patients [56,57]. This discrepancy may be due to the relatively
few number of inpatient surgeries (n = 293) or the additional time available to optimize
inpatients preoperatively compared to outpatients. This may also represent an opportunity
to enhance our outpatient preoperative medical optimization processes.

There was also a large variability in complication rates between specialties. For
instance, orthopedic and pediatric surgery had much higher complication rates than the
overall group (15.6% and 9.3%, respectively). And on both univariable and multivariate
logistic regression, orthopedic surgical cases had a significantly increased odds ratio of
suffering a perioperative adverse event (3.65 [1.07-10.9], p = 0.11; Table 6). Diagnostic
medical imaging was the second most common anesthetic encounter with a significantly
lower odds ratio of a perioperative adverse event (0.12 [0.01-0.55], p = 0.034; Table 6),
and only one complication (0.5%). Even so, the single complication was severe and life-
threatening brady-arrhythmia, highlighting that anesthesia for low-risk procedures is not
without risk.

A significant finding in our data was that an increasing number of procedures, proce-
dural complexity, and total intraoperative minutes was associated with perioperative com-
plications. Our finding is consistent with that previously reported in the literature [58,59].
Sometimes efforts are made by providers to combine multiple procedures into a single
anesthetic to reduce cost, parental time burdens, to limit anesthetic exposures, and to limit
healthcare costs. Yet, one must balance the potential risk of a perioperative complication
following a long anesthetic with the theoretical cost savings of combining procedures.
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Table 5. Univariate logistic regression model predicting complication.

Characteristic OR ' [95% CI 2] p-Value
Age 1.0 [0.94-1.05] 0.845
Sex

F -

M 1.47 [0.82-2.75] 0.205
Weight 1.00 [0.98-1.01] 0.639
Procedural time 1.00 [1.00-1.01] 0.000
Total procedures 1.27 [1.00-1.59] 0.039
Total RVU 3 1.07 [1.04-1.09] 0.000
Case urgency

Elective -

Non elective 1.34 [0.46-3.12] 0.546
ASA

4/5 -

1 0.00 [0.00-78,898] 0.982

2 1.61[0.32-29.5] 0.646

3 2.09 [0.44-37 4] 0.472
Admission status

Inpatient -

Outpatient 3.38 [1.23-14.0] 0.042
Specialty

Otorhinolaryngology -

Dentistry 0.27 [0.02-1.30] 0.205

Gastroenterology 0.84 [0.13-2.86] 0.808

Interventional radiology 0.20 [0.01-0.95] 0.115

Medical Imaging 0.11 [0.01-0.52] 0.032

Neurosurgery 1.08 [0.06-5.42] 0.939

Ophthalmology 0.25[0.01-1.19] 0.176

Orthopedics 3.72 [1.21-9.47] 0.011

Pediatric surgery 1.26 [0.52-2.67] 0.568

Other 0[0-2,254,990,197] 0.985

1T OR, Odds ratio. 2 CI, confidence interval. 3 RVU, relative value units.

Table 6. Multivariate logistic regression model predicting complications.

Characteristic OR 1[95% CI2] p-Value
Age 1.00 [0.93-1.06] >0.9
Sex
F -
M 1.47 [0.81-2.77] 0.2
Specialty
Otorhinolaryngology -
Dentistry 0.27 [0.02-1.34] 0.2
Gastroenterology 0.88 [0.14-3.06] 0.9
Interventional radiology 0.20 [0.01-0.96] 0.12
Medical imaging 0.12 [0.01-0.55] 0.034
Neurosurgery 1.19 [0.06-6.23] 0.9
Ophthalmology 0.25[0.01-1.20] 0.2
Orthopedics 3.65 [1.07-10.9] 0.026
Pediatric surgery 1.26 [0.53-2.68] 0.6
Other 0.00 [0-2,010,040,591] >0.9

1 OR, Odds ratio, 2 CI, confidence interval.

Patient age, sex, weight, and case urgency were not associated with higher compli-
cation rates, which was unexpected given the existing literature suggesting higher risks
for severe cardiovascular and respiratory complications in neonates, infants, and patients
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with higher ASA score [34,60,61]. Several factors may explain this incongruity. First, we
excluded high-risk procedures such as cardiac surgery and cardiac catheterization, which
are associated with higher morbidity and mortality. Second, the complication rate observed
in the present study likely underestimates the true incidence of events because it relied
on self-reported data, which tend to underreport adverse clinical events when compared
with automated data collection by anesthesia information management systems (AIMS) or
an EMR [62]. In children, perioperative adverse events such as hypotension, desaturation,
bradycardia, and laryngospasm are relatively common and often regarded as “normal”
occurrences associated with to pediatric anesthesia. These events are often considered
uneventful as they are easily managed with no sequelae. Finally, the experience of anesthe-
sia providers plays a crucial role in patient safety [31,63]. These cases were performed at
tertiary pediatric hospital by experienced pediatric anesthesiologists and their expertise
may have mitigated risk.

This study has several limitations. There are potential biases and limitations inherent
to a retrospective single center study due to center practices that can disproportionately
affect outcomes. Small sample sizes for certain specialties limit the generalizability of the
data. Each encounter was considered as a unique event; however, some patients received
multiple anesthetics during the study period. In longitudinal data collection, cofactors
such as age and weight will change from one encounter to the next, while other intrinsic
patient factors will not. Further, there are no matched cohort data for children without DS
undergoing non-cardiac surgery or diagnostic imaging. Also, modifiable patient factors
which affect perioperative outcomes were not captured well in the EMR (i.e., recent upper
respiratory tract infection, asthma, smoking/passive smoking) [2].

Reducing perioperative adverse events requires a multifaceted approach beginning
with the identification of at-risk patients. This allows for effective planning, resource
allocation, and decisions regarding the location of surgery, staffing, and postoperative
disposition [64,65]. A thorough preoperative evaluation, including medical history, physical
examination, and clinical assessment, should be completed. Using risk prediction tools
can further guide clinical decisions [66-69]. While some risk factors, such as age, physical
status, and type of surgery, are unmodifiable, several modifiable risk factors can reduce
the incidence of perioperative adverse events. These include preoperative optimization
of asthma, delaying elective surgery following recent respiratory illness, and addressing
abnormal lab findings [31,48,49,70]. Our study found that certain specialties were associated
with an elevated risk of perioperative adverse events, and that outpatients faced a higher
risk overall. This highlights a potential opportunity to improve outpatient preoperative
medical optimization at our center.

Intraoperative anesthetic management, including choices between general and re-
gional anesthesia, neuromuscular blockade, airway management (supraglottic airway
vs. endotracheal tube), and ventilation strategy, also play an important role in out-
comes [31,48,64,71,72]. With the high incidence of obesity and obstructive sleep apnea in
children with DS, judicious titration of opioids and the use of multimodal analgesia is
recommended [30,64]. And though it is not feasible to have all pediatric cases managed
by pediatric anesthesiologists, it is important to consider the experience of the anesthesia
provider particularly for high-risk surgeries in this vulnerable group. Studies have shown
that both provider experience and pediatric case volume affect the rate of severe critical
events [31,32,63]. The type of center (community hospital vs. free-standing children’s
hospital) does not appear to affect the incidence of perioperative adverse events. However,
children with DS and other high-risk conditions should receive appropriate postopera-
tive monitoring and be cared for at a center capable of providing an elevated level of
care if needed [31,64,65,71]. While it is impossible to eliminate all perioperative adverse
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events, comprehensive preoperative preparation and thoughtful anesthetic management
can reduce their frequency and severity.

5. Conclusions

In line with previous reports, children with DS appear to tolerate anesthesia well for
non-cardiac surgery or diagnostic imaging. This is significant as our study is the first to
examine a large number of ENT and diagnostic imaging cases—two of the most common
reasons for children with DS to receive anesthesia. Further research is needed to explore
the relationship between complications and perioperative variables, such as the type of
surgery, prior respiratory history, or preexisting conditions, to better understand the true
risks associated with anesthesia and surgery in children with DS. By better characterizing
the perioperative risk profile for this group, our findings may help inform anesthetic
management strategies, improve perioperative care, and ultimately enhance safety and
outcomes for children with DS surgery or medical imaging.
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