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ABSTRACT OF THE THESIS 

 

Validation of the COLDS Score for Perioperative Respiratory Adverse Event  

Risk Assessment in the Pediatric Patient Presenting  

with Upper Respiratory Tract Infection 

 

by 

 

Lisa Kit-Ying Lee 

 

Master of Science in Clinical Research 

University of California, Los Angeles, 2017 

Professor Robert M. Elashoff, Chair 

 

Introduction: The decision to proceed with anesthesia and surgery has been 

controversial in pediatric patients with upper respiratory tract infection (URI), with 

no set algorithm to determine whether to proceed or delay surgery and anesthesia. 

The COLDS score was proposed by Lee and August as a potential risk stratification 

scheme, but no validation has been done on this scale. Here we evaluated the 
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utility of the COLDS score in predicting perioperative respiratory adverse events 

(PRAE). 

Methods: COLDS scores, incidence of perioperative respiratory adverse events, 

surgical procedure type and age were collected for 536 patients who met inclusion 

criteria. AUCs were assessed for total COLDS score and individual COLDS score 

categories. Multivariate regression was also performed to further optimize the 

scale. To quantify the decrease in risk associated with cancellation of a case, the 

immutable risk factors were assessed separately from URI status in the COLDS 

score and incidence of perioperative respiratory complications tabulated. 

Results: AUC for the total COLDS score was 0.69. When split into individual 

component scores, the AUC ranged from 0.55-0.63, while AUC for the refitted 

scoring system was 0.71. The AUC for the scoring system was higher in younger 

children (AUC = 0.70-0.71) than for children aged 4-6 (AUC=0.66). The rate of 

perioperative respiratory adverse events increased with increasing “LDS” score 

(immutable risk factors), patients who had upper respiratory tract infections on the 

day of their procedure had higher rates of perioperative respiratory complications 

than those who did not.  There was also a non-significant trend towards an inverse 

association between LDS score and upper respiratory tract infection status.  

Conclusions: The COLDS score has the potential to be a valuable risk assessment 

tool for prediction of perioperative respiratory complications. It appears to have a 

better predictive value in a younger population. Refitting the COLDS scoring did not 

appear to greatly improve AUC.  
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Chapter 1: Manuscript 

Introduction 

Perioperative respiratory adverse events (PRAE) are a major cause of morbidity and 

mortality and are the cause of up to 30% of perioperative cardiac arrests in the 

pediatric population during anesthesia (1). Independent risk factors for PRAEs have 

been identified by several studies and include: age less than 6 years old (12), a 

recent (<4 weeks) and currently active upper respiratory infection (URI) (2, 3, 5, 8, 

9, 12) particularly in those with symptoms such as a moist cough, runny nose with 

green mucus and fever (13), a primary pulmonary morbidity (e.g. respiratory 

syncytial virus (RSV) infection, asthma, prematurity, bronchopulmonary dysplasia, 

cystic fibrosis, pulmonary hypertension, etc.) (12), infectious disease with 

significant impairment of the child’s general condition (malaise, fever >38.5C, 

bacterial superinfection) (1), parental confirmation of the child’s symptoms, a 

history of snoring, the type of airway device used during surgery (8), the 

experience of the anesthesiologist in pediatric anesthesia (1), and type of surgery 

(14, 15, 16). 

Upper respiratory tract infections (URI) are the most common preoperative 

comorbidity encountered in childhood (17), with children suffering URIs 6-8 times 

per year on average (18). About 30% of children presenting for elective surgery 

have an active URI (8, 12). Although there is an increased risk of respiratory events 

in children with a URI, pediatric patients may be safely anesthetized because 

problems encountered are generally benign and without long-term sequelae (8, 9, 

12). However, it is important to note that the risk of PRAEs is not zero. Bronchial 
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hyperreactivity is a trigger for obstruction of the upper and lower airways, 

laryngospasm and bronchospasm respectively, which can both lead to life-

threatening hypoxemia (17). There have been at least 2 reported deaths in 

pediatric patients who underwent surgery with a history of a URI (6). 

The decision to proceed with anesthesia and surgery has been controversial in 

pediatric patients with PRAE risk factors. There is currently no consensus or set 

algorithm to determine perioperative risks in deciding whether to proceed or delay 

surgery and anesthesia. Although blanket cancellation of surgery because of a URI 

avoids the potential for complications, it may also impose social, emotional, 

economic consequences on the child, the family, as well as the medical team (1). 

An accurate preanesthetic assessment of the risks of PRAE would enable risk 

stratification prior to surgery in order to reduce the likelihood of complications. 

COLDS score, was proposed by Lee and August and published in Pediatric 

Anesthesia (7). The authors intended to use COLDS as an organizational tool to 

standardize the decision-making process on whether or not to proceed with 

anesthesia. ‘C’ stands for current signs and symptoms. Children with severe 

infection suffer from purulence, fever>38.5C, wheezing or breathing disturbances, 

and generalized malaise, with parental confirmation as a valid predictor for 

complications (12, 13, 18). ‘O’ stands for onset of symptoms. Perioperative risk is 

highest with a current URI and this diminishes after 2 weeks and drops even further 

after 4 weeks (7, 12, 13). ‘L’ stands for the presence of lung disease. Chronic 

respiratory conditions or a primary pulmonary morbidity such as asthma, 

bronchopulmonary dysplasia, RSV infection, prematurity, cystic fibrosis, pulmonary 
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hypertension further increase the risk in the setting of a URI (7, 12). ‘D’ stands for 

airway device used during the surgery. The use of an endotracheal tube carries a 

higher risk of complications as compared to a laryngeal mask airway, with the use 

of a facemask carrying the lowest risk (8). ‘S’ stands for surgery type. Surgery near 

the airway and surgery with impaired respiratory function such as upper abdominal 

surgery or cardiac surgery carry higher complications rates in children with a URI 

(14, 15, 16). 

COLDS consists of 5 questions and each question has 3 possible choices for an 

answer, which corresponds to a score of 1,2 or 5, depending on the level of severity 

for a total minimum score of 5 and maximum score of 25 (7). A higher COLDS 

score would suggest more perioperative risk. COLDS score was proposed as a 

potential risk stratification scheme, but no validation has been done on this scale. 

This study aimed to evaluate the utility of the COLDS score in predicting 

perioperative complications and adverse events. 
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Methods  

After obtaining IRB approval, we prospectively collected data on 536 patients aged 

six and under who were scheduled to receive sedation or general anesthesia from 

October 2014 through April 2015 (6 month time period) at Ronald Reagan UCLA 

Medical Center and at an auxiliary ambulatory surgical center. Patients were 

identified through daily review of the operating room schedule. Patients who were 

already intubated or had a tracheostomy in place were excluded. Patients with 

cyanotic heart disease were also excluded. Informed consent was waived since this 

was an observational study with minimal to no risk to the patient, and no 

interventions or changes were made to standard management of the patient. 

Providers were not blinded to the purpose of the study or to the patient’s answers 

to the COLDS score forms, as this was vital information that was used as part of the 

preoperative assessment. 

Data Collection  

The COLDS score form (Figure 1) was distributed to a member of the anesthesia 

care team on the morning of the procedure. Providers were asked to assess and 

document the patient’s COLDS score preoperatively, whether or not they were 

ultimately deemed appropriate to proceed for surgery. Interpreters were used to 

obtain this information from patient’s family if their primary language was not 

English. If the case was cancelled, the provider was asked to document the reason 

for the cancellation. 

Outcome Definitions 
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If the case proceeded to surgery, the providers were then also asked to note any 

respiratory complications that occurred on induction, during the maintenance of 

anesthesia, on emergence or during the postoperative period in the recovery area. 

Specifically, incidences of laryngospasm, bronchospasm, oxygen desaturation, 

prolonged coughing, and the need for beta-agonist therapy were recorded. 

Laryngospasm was defined as complete airway obstruction with paradoxical 

movement of the abdomen and chest, and the inability to ventilate by mask, 

requiring jaw-thrust and positive-pressure ventilation maneuvers to resolve. 

Desaturation was defined as oxygen desaturation below 94% and 90%. 

Bronchospasm was defined as increased expiratory effort with wheezing on 

auscultation. Prolonged coughing was defined as persistent, severe coughing 

despite adequate suctioning lasting more than a few minutes.  If an event occurred, 

the provider was asked to note details of the incident.   

The forms were collected from each anesthesia provider at the end of the work day 

and entered into a secured database. The patient’s age, the procedure performed, 

procedure location and length of post-anesthesia care unit stay were also recorded 

for later analysis. 

Assessment of Inter-rater Reliability 

Since the COLDS score has not been previously validated, an inter-rater reliability 

study was also performed with a random sample of 16 patients to ensure 

reproducibility of the scores for a given patient. To achieve this, two independent 

observers, the attending anesthesiologist and the resident or nurse anesthetist, 

were both asked to fill out the COLDS score form for a given patient preoperatively 
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and to report any respiratory complications they observed intraoperatively and 

postoperatively.    

Statistical analysis  

Given the exploratory nature of this study and the lack of a gold-standard rating 

scale with which to draw a comparison, a priori sample size calculation was not 

performed. A post-hoc power analysis showed that with at least 116 patients in 

each group, we had 80% power and an alpha level of 0.05 to find a complication 

rate of 29.3% and 14.5% in the group presenting with an upper respiratory tract 

infection and without an upper respiratory tract infection respectively.  

We tested for differences in the distribution of COLDS category scores and 

proportion of patients with perioperative respiratory complications between the URI 

and no URI groups using chi-square or Fisher’s exact test, as appropriate. ROC 

curves were used to evaluate the predictive ability of the COLDS score. Three 

analyses were done. We assessed the AUC for the total COLDS score, the individual 

components of the COLDS score and a combined component score that was re-

weighted by logistic regression in predicting perioperative respiratory adverse 

events. Sub-analyses to evaluate predictive ability for perioperative respiratory 

complications by complication type, age group, and case type were also performed. 

Multivariate logistic regression models were constructed to evaluate the significance 

of each COLDS category and to create an alternate scoring system that would 

improve the predictive ability of the COLDS score.  



7 
 

Since the question of interest is often whether or not to proceed to surgery in face 

of an upper respiratory tract infection rather than whether or not a patient should 

have the surgery, we decided to perform a separate analysis to isolate the 

immutable factors of concomitant lung disease, type of airway device to be used 

and surgery type in the COLDS score and examine the change in complication rate 

in patients with and without current symptoms of a URI. We computed the number 

of patients with and without symptoms who had perioperative respiratory 

complications in binned categories of LDS scores. Statistical analysis was performed 

using JMP Version 12. (SAS Institute, Inc., Cary, NC, 1989-2016) for AUROC 

analysis and in R v3.1.3 using the ‘stats’ package for logistic regression models. 
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Results: 

Baseline Characteristics 

Over a 6-month period, data was collected on 536 patients who met the inclusion 

criteria (Figure 2). The age distribution of these patients was roughly even with 217 

patients (40.5%) aged 0 to <2 years, 145 patients (27%) aged 2 to <4years, and 

174 patients (32.5%) aged 4-6 years. Of these patients, 130 (24%) children 

presented with symptoms of an URI on the day of the procedure. The percentage of 

patients presenting with URI on the day of surgery did not differ by surgical 

specialty (Table 1). 114 of those 130 children (87.7%) had mild symptoms, while 

16 children (12.3%) had moderate to severe symptoms. There were 12 cases 

(9.2%) that were cancelled on the day of the procedure and 2 cases (1.5%) were 

cancelled the night prior to the procedure secondary to presence of an URI. The 

distribution of patients with and without upper respiratory tract infection who went 

on to have a perioperative respiratory adverse event is shown in Figure 2. Of the 

cases that proceeded to surgery, in 11.7% of cases, (61 of 522) LMAs were used. 

No airway device or a facemask was used in 34.7% (181 of 522) of our cases and 

in 53.6% (280 of 522) of cases an endotracheal tube was used. A chart of the 

distribution of COLDS scores by presence of URI on day of procedure is presented 

in Table 2.   

The overall incidence of perioperative respiratory complications in all patients, 

regardless of the presence of an URI was 17.8% (93 of 522 patients). Of the 

patients presenting with an URI, 29.3% (34 of 116 patients) went on to have at 

least one perioperative respiratory complication during the perioperative period. 
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The by-occurrence and cumulative perioperative respiratory complication rate by 

complication type is given in Table 3. The most common complication was oxygen 

desaturation, followed by prolonged coughing. Patients who had an URI on the day 

of surgery consistently had higher rates of perioperative respiratory complications 

across all complication types. Patients who had a higher COLDS score had an higher 

rate of respiratory complications that increased with increasing COLDS score 

(Figure 3). Likewise, higher scores in the component categories of the COLDS score 

were also associated with higher complications rates (Table 4).  

 

Reliability Analysis of COLDS Score 

 

As this scoring system has never been previously used, an inter-rater reliability 

study was performed to assess the agreement between raters using the COLDS 

score. Out of the 16 patients assessed, there was disagreement in the COLDS score 

of only one pair in the “O” or onset category.  The COLDS score had an intra-class 

correlation coefficient of 0.99, indicating a high level of inter-rater reliability. As for 

our data collection tool for recording complications, for all 16 pairs, there was 100% 

agreement with the number of complications and the time period in which those 

complications arose. Thus, we were confident in the use of this measurement tool.  

 

Performance of COLDS Score: Receiver-Operator Characteristic Curve Analysis 

We used receiver-operator characteristic (ROC) curves to evaluate the predictive 

ability of the COLDS score to identify patients who were likely to have perioperative 

respiratory complications by calculating the area under the curve (19) in three 
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separate analyses. First, we computed the AUC for the total COLDS score without 

modification. From our data, the COLDS scoring tool appears to be a somewhat 

useful tool for predicting complications (overall AUC = 0.69, 95% CI 0.63- 0.75, 

p<0.001). Then, we computed ROC curves for individual components of the COLDS 

score, which did not reveal that any individual component of the COLDS score (the 

presence of an URI, recent onset of symptoms, presence of lung disease, airway 

device to be used, or type of surgery) to be the main predictor of whether any 

individual patient would have a perioperative respiratory adverse event during the 

perioperative period, as the area under the ROC curve for these components ranged 

from 0.55-0.63 (Table 5). Thirdly, we created a model that utilized each COLDS 

score category as individual terms performed slightly better (AUC of ROC = 0.71, 

95% CI 0.65-0.77, p<0.001) than the total COLDS score (overall AUC = 0.69, 95% 

CI 0.63- 0.75, p<0.001) as a sum score (Figure 4). 

Predictive Ability by Complication Type 

For specific complications, the COLDS score was useful for predicting bronchospasm 

(AUC=0.71, 95%CI 0.61-0.81 p=0.001), oxygen desaturation (AUC=0.70, 95% CI 

0.63-0.77, p<0.001), and useful for predicting the need for beta-agonist therapy 

(AUC=0.73, 95% CI 0.62-0.83, p=0.001) and prolonged cough (AUC=0.69, 95% CI 

0.59-0.74, p=0.007). COLDS score however, appeared to be less useful for 

predicting the incidence of laryngospasm (AUC=0.597, 95% CI 0.50-0.70, 

p=0.103). The incidence of laryngospasm was quite low in our study (with only 21 

occurrences), possibly explaining the results that we observed.  

Predictive Ability by Age Group 
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While the predictive value of the COLDS score for perioperative respiratory 

complications has been shown, we were interested in how it would perform in 

different age groups (Table 6). The area under the ROC curve was the highest in 

younger age groups of age 0 to <2years (AUC of 0.70, 95% CI 0.61-0.79, 

p<0.001) and 2 to <4 years (AUC=0.71, 95% CI 0.61-0.81, p=0.001), while still 

showing good predictive ability for PRAEs in children ages 4-6 years (AUC = 0.66, 

95% CI 0.56-0.77, p=0.009). We examined our data to see if this effect was driven 

by higher rates of complications in younger patients, but found that the rate of 

PRAE complications was not higher in any age category.  

Predictive Ability by Case Type 

Next, we performed a subgroup analysis to evaluate the effect of case type on the 

ability of COLDS score to predicting perioperative respiratory events. Because type 

of surgery is taken into consideration as part of the COLDS score and because the 

terms for the type of surgery and time of onset of the URI were not significant in 

the logistic regression model, the “O” and “S” terms of the COLDS score were 

removed from the scoring system, leaving the “C”, “L,” and “D” components. We 

observed that the predictive ability of CLD score for perioperative respiratory 

complications was better in cardiac catheterization cases (AUC=0.80, 95% CI 0.62-

0.98, p=0.008), high risk airway cases (AUC=0.81 95% CI 0.66-0.96, p=0.002), 

and minimally to non-invasive sedation cases (AUC=0.833, 95% CI 0.82-0.94, 

p=0.003). For other surgery types, the AUC ranged from 0.53 to 0.78. 

Predictive Ability for Case Cancellations 
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The COLDS score may also be useful for predicting case cancellations. Although we 

calculated a COLDS score for each patient, the scoring system was not used as a 

decision tool in whether or not to cancel the case. This decision was made solely at 

the discretion of the attending anesthesiologist. The AUC for case cancellation using 

the COLDS score was 0.865 (95% CI 0.738-0.981, p<0.001). We noted that in our 

patient cohort, case cancellations occurred uniformly at a COLDS score of 19 and 

higher.  

Optimization of the COLDS Score 

We also used logistic regression to attempt to construct an optimal set of weights 

for the COLDS score system, in order to maximize the area under the ROC curve 

(Figure 5). However, this did not appreciably improve the AUC, but added to the 

complexity of the scoring system. Given the simplicity of the COLDS score, we 

concluded that the scoring system as it stood provided good predictive ability, 

without being overly cumbersome. As previously noted, the terms for “O” and “S” 

components of the COLDS score were found to be not significant in the full 

regression model. We calculated the AUC for a model that only included the “C”, “L” 

and “D” terms and found it to be similar to the AUC of complete model (AUC=0.70, 

95% CI 0.64-0.76, p<0.001). Therefore, it appears that in simplifying the scoring 

system by removing these two terms did not decrease predictive power of the 

model.  

We calculated a “LDS” score for each patient and then tabulated the frequency of 

respiratory adverse events in patients with and without upper respiratory tract 

infections on the day of surgery (Figure 6). We found that while the rate of 
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perioperative respiratory adverse events increased with increasing “LDS” score and 

that at every “LDS” score bin level, patients who had upper respiratory tract 

infections on the day of their procedure had higher rates of perioperative 

respiratory complications than those who did not.  There was also a non-significant 

trend towards an inverse association between LDS score and upper respiratory tract 

infection status. We also created a logistic regression model to test if there was an 

interaction between LDS score and presence or absence of an upper respiratory 

infection and found that while LDS score and URI were significant predictors of 

respiratory adverse events, the interaction between the two factors were not. The 

cancellation rate did not vary across LDS categories, ranging from 9-11%. 
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Discussion 

The Value of the COLDS Score 

Overall, the total COLDS score and the combined component COLDS scores appears 

to be decent predictors of perioperative respiratory complications with an AUC 

ranging from 0.69-0.70. The predictive ability of the scoring system did not appear 

to be affected by dropping the component for the onset of the upper respiratory 

tract infection and the surgery type, as the resulting “CLD” score had an AUC of 

0.69. By regression analysis, it appeared that the patients who had the onset of the 

URI 2-4 weeks prior to presentation had the highest risk, while an onset of >4 

weeks had the lowest risk and an onset of <2 weeks had an intermediate risk. This 

finding was surprising but is consistent with another previously published study 

(20). We also found that the predictive ability of the scoring system appears to be 

better in younger children (aged 0 to less than 2) relative to older ones (aged 4-6) 

and in cases where the surgery type was considered very high risk, or very low risk.  

Although increasing COLDS score was associated with increasing risk of 

perioperative respiratory complications (Figure 7), we found that using a single 

score to quantify risk to be problematic, since there are three components of the 

COLDS score that were not likely to change with rescheduling. Rather, we aimed to 

model the difference in risk of perioperative complications with respect to the 

presence or absence of an upper respiratory tract infection. Said another way, we 

wanted to be able to quantify the reduction in risk that could be expected with 

cancelling the case for another day in the face of an upper respiratory tract 

infection. We found that in patients with lower “LDS” scores, the difference in event 
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rates of perioperative respiratory adverse events was greater than in patients with 

higher “LDS” scores, despite the fact that event rates were higher with increasing 

LDS score.  

We also considered reassigning different values from a 1, 2 and 5 point scoring 

system point based on the integerization of the beta coefficients from the logistic 

regression model to improve the predictive ability of the COLDS score. We found 

that changing the proposed scoring system to a new scoring key based on the 

logistic regression model greatly increased the complexity of calculating a score 

without commensurately increasing the predictive ability of the scoring system. 

Therefore, we propose keeping the original scoring system for ease of use. 

Possible Applications for the COLDS Score 

While these complications that we recorded are, in and of themselves, not 

immediately life-threatening, they are possible harbingers of undesirable outcomes 

such as respiratory or cardiac arrest. Using a risk assessment tool such as the 

COLDS score may help quantify the risk of a perioperative respiratory complication 

to allow physicians and families to make better informed choices in weighing the 

risk of complications when the patient has had or recently had an upper respiratory 

tract infection. COLDS score is good for predicting whether or not patient will go on 

to have a complication but may not be useful as a decision making tool because of 

the differential change in risk in patients with low and high LDS scores.  An 

advantage of this scoring system is that it is simple and easy to use, such that a 

non-physician, could potentially utilize this scoring system by calling the patient’s 

parents the night before and based upon the score received, cancel the case the 
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night before and improve operating room efficiency and decrease health care costs 

associated with having an empty operating room, or wasted sterile instruments. At 

what score cancellations should occur would vary from institution to institution 

based upon the tolerated risk level of the patient’s family and of the 

anesthesiologist taking care of the patient. At our institution, we noted that all 

patients who had a score above 19 were uniformly cancelled.  

Generalizability 

We believe that the sample we collected data on is representative of the general 

population of pediatric patients aged six and under presenting for anesthesia, since 

data was collected on a wide range of case types including inpatient and outpatient, 

emergent and non-emergent cases, and across various subspecialties. The 

incidence of perioperative respiratory adverse events were similar to previously 

published studies on upper respiratory tract infections in literature. (8, 12, 14) 

Patients with cyanotic heart disease were excluded from this study because of 

difficulty with interpreting what constituted oxygen desaturation in a patient whose 

baseline oxygen saturation was clearly below normal. Similarly, patients with 

tracheostomies in place were excluded because they were not at risk for all of the 

same respiratory complications. Thus, the generalizability of our results to these 

groups of patients would be limited.  

We chose to limit our study to the ages of 0-6 years of age because these children 

are at the highest risk for having a perioperative respiratory complication that 

proceeds to respiratory or cardiac arrest, given their smaller reserve. Being age 

under six has also been shown to be an independent risk factor for perioperative 
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respiratory complications. (12) Based upon our observation that the COLDS score 

performed better in the younger age group among children aged six and under, the 

predictive ability of the COLDS score in children over the age of six is likely to be 

decreased. A confirmatory study in this age group should be done to see if that is 

indeed the case.  

Limitations  

ASA classification for each patient was not collected. Although adding ASA 

classification to the model may help adjust for the effect of comorbidities on 

perioperative respiratory complications, the “L” term for concomitant lung disease 

in the COLDS score already takes some of this information into account. Adding 

ASA classification to the model could lead to problems determining significance of 

the model because of problems with multicollinearity. Additionally, some 

comorbidities that are reflected in the ASA classification status may not be 

necessarily relevant to the increase in risk of perioperative respiratory adverse 

events. This may lead to decreased predictive ability if added to the model. The 

COLDS score also does not address other known risk factors for increased incidence 

of perioperative respiratory complications, such as presence of underlying, non-

pulmonary comorbidities. The addition of these factors in future studies may help 

improve the predictive ability of the COLDS score. 

The time period in which the study takes place was limited to the 6 months during 

the year when upper respiratory tract infections are the most prevalent, which 

could have increased our event rate compared to what it would have been if the 

study had been conducted during the other 6 months of the year. The increase in 
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the positive predictive value may lead to an overly optimistic estimation of the c-

statistic for this model. Another study including the other 6 months of the year or 

encompassing the entire year would be needed to fully assess the predictive ability 

of this COLDS score.  

In this study, the anesthesia care providers were not blinded to the patient’s URI 

status nor severity of illness. One could argue that the inability to blind the provider 

could bias the complication rates observed due to the provider taking extra steps or 

preparation knowing that respiratory complications were more likely. In reality, 

providers are not blinded to their patient’s URI status, so we believe the results we 

obtained would be similar to that of other practices. To be sure of this, this study 

could be repeated at other institutions or centers to see if similar result are 

obtained.  
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Conclusion 

The incidence of life-threatening complications from PRAEs is low, however 

identification of these high risk patients may direct care to help improve patient 

safety and outcomes. Here we have shown that the COLDS score is predictive of 

perioperative respiratory complications. This scale has the potential to be used as a 

preoperative screening tool that can be easily used by physician extenders to 

objectively quantify risk, which in turn, can improve efficiency in our healthcare 

delivery system by minimizing day-of-surgery cancellations and delays. In this 

study, we tried various modifications of the scale without significant improvement 

to the predictive value for perioperative respiratory complications. Of great interest, 

we found that patients who were lower risk based upon their lung health, the type 

of surgery planned and airway to be used (LDS scores of 3-4) had the greatest 

relative decrease in perioperative respiratory complications between patients who 

presented on the day of surgery with an URI versus without (22% vs 6.1%), when 

compared to patients who had higher LDS scores (11-15, 35.1% vs 44.4%). This 

suggests that patients with lower scores may actually have a greater relative 

decrease in risk of any perioperative respiratory adverse events when compared 

patients with higher scores. Overall, the COLDS score has good predictive value and 

has the potential to be a valuable risk assessment system in the prediction of 

perioperative respiratory complications. 
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Chapter 2. Statistical Appendix 

In the validation of the COLDS score, we wanted to assess how well the COLDS 

score was at predicting whether or not there would be respiratory complications 

and if a higher COLDS score was also predictive for a higher number of respiratory 

complications. To do this, we first performed a univariate logistic regression with 

the binary outcome of respiratory complications, yes or no, and the total COLDS 

score as the predictor. We obtained the model: 

Ln(p/1-p) = -3.78 + 0.22(Total COLDS Score), 

with a 1.24 (95% CI 1.14-1.35) increase in odds of respiratory complications for 

every one unit increase in COLDS score. This model was significant with an AUC of 

0.69 (95%CI 0.64-0.75). 

Next, we evaluated how the individual components of the COLDS score performed 

as predictors of perioperative respiratory complications. Five univariate logistic 

regression models were created, each with the outcome of respiratory 

complications, yes or no, and with one of the five COLDS score components as the 

predictor. The level with the score of 1 in each COLDS score category was used as 

the reference level. The beta coefficients from the models were exponentiated to 

obtain odds ratios. A table of odds ratios for each score for each category and their 

corresponding confidence intervals is shown below. The area under the curve was 

calculated for each model and the corresponding confidence intervals are shown as 

well.  
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  Score 

Odds 

Ratio 95% CI AUC 95%CI 

Current 
Symptoms 

2 2.55 1.51-4.26 0.60 0.55-0.66 

5 7.12 1.29-39.4 
  

Onset of 
Symptoms 

2 2.59 1.33-4.89 0.58 0.52-0.64 

5 1.66 0.85-3.08 
  

Lung Disease 
2 1.02 0.43-2.16 0.55 0.50-0.60 

5 3.43 1.56-7.23 
  

Airway Device 
2 3.10 1.27-7.49 0.63 0.57-0.68 

5 3.96 2.03-7.55 
  

Surgery Type 
2 1.41 0.74-2.54 0.55 0.50-0.60 

5 2.56 1.01-5.93 
  

 

As the area under the curve for the individual components of the COLDS scores 

ranged from 0.55-0.63, there was no one component of the COLDS score that was 

a better predictor for perioperative respiratory complications than any other. 

Then, we postulated that the individual components of the COLDS score may be 

contributing unequally to the COLDS score’s ability to predict respiratory 

complications. We created a multivariate logistic regression where the outcome was 

respiratory complications, yes or no and the predictors were each of the five 

components of the COLDS score. The AUC for this model was found to be 0.71 

(95%CI 0.65-0.77), performing slightly better than the original model. Again, the 

beta coefficients were exponentiated for each term to create odds ratios. These are 

displayed in the table below.  
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  Level 

Odds Ratio 

(ref=1) 95% CI 

Current Symptoms 2 2.80 1.23-6.37 

 
5 11.31 1.60-81.13 

Onset of Symptoms 2 1.71 0.71-3.92 

 
5 0.91 0.34-2.38 

Lung Disease 2 0.72 0.28-1.67 

 
5 3.05 1.31-6.85 

Airway Device 2 3.99 1.57-10.14 

 
5 3.79 1.94-7.94 

Surgery Type 2 0.94 0.47-1.82 

  5 2.17 0.79-5.55 

 

Since, the terms for onset of symptoms and type of surgery were not significant in 

the above model, we considered eliminating those terms from the model to create a 

model that only contained the “C,” “L,” and “D” component s of the COLDS score. 

Another multivariate logistic regression model was created with outcome of 

respiratory complications, yes or no, and predictors of current symptoms, lung 

disease and airway device. The beta coefficients from this model were again 

exponentiated to yield odds ratios that are displayed below, along with their 

confidence intervals.  

  Level 
Odds Ratio 

(ref=1) 95% CI 

Current Symptoms 2 2.94 1.70-5.07 

 

5 12.8 2.05-83.7 

Lung Disease 2 0.77 0.30-1.74 

 

5 3.15 1.38-6.95 

Airway Device 2 3.85 1.54-9.65 

  5 3.83 2.01-7.90 
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Despite the reduction in the terms, the AUC of this model was 0.69 (95%CI 0.64-

0.75), slightly less than the combined COLDS component model and about the 

same as the original sum score model. Overall, we concluded that the COLDS score 

was a reasonable predictor of perioperative respiratory adverse events.  

In this analysis, the outcome was considered as a binary outcome. This was good 

as a simple, straight-forward initial analysis and we were able to establish that 

there was an association between the COLDS score and perioperative respiratory 

adverse events. However, analyzing the outcome as a binary outcome could result 

in loss of power. In this study, the total number of respiratory complications across 

all four perioperative periods was also collected, so a reasonable next step would be 

to evaluate the association between the number of perioperative respiratory 

complications with increasing COLDS score.   

A scatterplot of the number of perioperative respiratory complications to COLDS 

score is shown below. Because the COLDS score and total number of respiratory 

complications are both integers, some over-plotting occurred. The data density is 

indicated in this plot by the darkness of the point. 
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The outcome of number of respiratory complications is a type of count data with 

discrete numbers, so using a Poisson regression would be reasonable for this 

analysis. Because the count data is bounded at zero and in this dataset, there were 

many outcome values that were zero (see histogram below), the linearity 

assumptions for ordinary least squares regression may not hold true and would not 

be the best way to analyze this data. Performing a log-transformation to normalize 

the data would not be helpful because of the number of zeros in the data. 

Additionally, since the model would be used for prediction purposes, linear 

regression would allow for the predicted value for number of complications to 

potentially be negative.  
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Using Poisson regression, a model was created to assess the impact of URI on 

number of respiratory complications by “LDS” score (which takes into account the 

immutable patient factors).  A table with the parameter estimates is shown below, 

along with a graph of the predicted respiratory complication counts. 

  Estimate 

Robust 

SE p-value 

Intercept -2.64 0.30 <0.0001 

URI (Yes) 1.02 0.27 0.0001 

LDS Score 0.18 0.04 <0.0001 
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The residual deviance for this model was 640.18 with 519 degrees of freedom. A 

goodness of fit chi-squared test yielded a p-value of 0.0002, suggesting that this 

model was not a good fit for the data. On closer inspection of the mean and 

variances of the data (with URI: Mean number of complications: 0.66, variance 

1.51 and without URI the mean number of complications: 0.24, variance 0.81), the 

variances were clearly larger than the mean predicted values, which indicated that 

the data was over-dispersed. A negative-binomial model where the dispersion can 

be specified would be a better choice.  

A negative binomial model was constructed using the same data set. A graph of the 

predicted values for the expected number of respiratory complications is shown 

below along with the corresponding 95% confidence intervals. The residual 
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deviance for this model was 227.46 with 519 degrees of freedom. A goodness of fit 

chi-square test yielded a p-value of 1, suggesting that this model was a good fit for 

our data when compared to a null model. The probability of this difference is using 

2 times the log of the likelihood ratio for the Poisson and negative binomial models 

yielded a p-value of 5.32888e-41. This suggests that the negative binomial model 

is a better fit than the Poisson model. 

  

As a sensitivity analysis, a comparison of the incident rate ratios of the two 

predictor variables for both the Poisson and negative binomial models is displayed 

below. The incident rate ratios between the two models were reasonably close. 

According to the models, it appears that the incident rate of perioperative 

respiratory complications for patients presenting with an URI is about 2.78 to 3.46 
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times the incidence rate of patients presenting without an URI. There is also a 20-

24% change in the incidence rate of perioperative respiratory complications for 

every one unit increase in LDS score. 

 Poisson IRR 95% CI Negative 
Binomial IRR 

95% CI 

LDS Score 1.20 1.14 – 1.26 1.24 1.13-1.39 
URI-Yes 2.78 2.05 – 3.74 3.46 1.96-6.30 

 

In this data set, there were many zero outcome values. As a next step, a zero-

inflated negative binomial model could be considered for a better fit of the data but 

is beyond the scope of this manuscript, and thus was not discussed here.  
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Figure 1. COLDS Scoring Tool 
Date of Service: _______________ 

Evaluating Attng/Staff:_________________________________________ 
Anticipated Procedure:___________________________________________________________________________ 

Current Signs and 
Symptoms 

 
(Please circle 

applicable 
symptoms) 

None 
 
☐ 

Mild 
(Parent confirms URI 
AND/OR congestion, 

rhinorrhea, sore throat, 
sneezing, low fever, dry 

cough) 
☐ 

Moderate/Severe 
(Purulence, wet cough, 
abnormal lung sounds, 

lethargy, toxic 
appearance or high 

fever) 
☐ 

Onset of Symptoms >4 weeks ago 
☐ 

2-4 weeks ago 
☐ 

<2 weeks ago 
☐ 

Presence of Lung 
Disease 

 
(Please circle or 

indicate 
diagnosis/es) 

None 
☐ 

Mild (Hx of RSV, mild 
intermittent asthma, 

BPD if >1 y/o, loud 
snoring, or passive 

smoker) 
☐ 

Moderate/Severe 
(Moderate persistent 
asthma, infant with 

BPD, OSA or  
pulmonary 

hypertension) 
☐ 

Airway Management None or Facemask 
☐ 

LMA or supraglottic 
airway 
☐ 

Endotracheal Tube 
☐ 

Type of Surgery Other (Including PE 
tubes) 
☐ 

Minor airway (T/A, 
nasal lacrimal duct 

probing, flexible 
bronchoscopy and 
dental extractions) 

☐ 

Major airway (Cleft 
palate, rigid 

bronchoscopy, 
maxillofacial surgery) 

☐ 

 

Please check the applicable box for each stage of care: 

 Induction Intra-Op Emergence PACU 
Laryngospasm 

 
☐ ☐ ☐ ☐ 

Bronchospasm 
 

☐ ☐ ☐ ☐ 

Oxygen Desaturation 
<90% 

☐ ☐ ☐ ☐ 

Desaturation 
REQUIRING 

Supplemental O2 
  ☐ ☐ 

Prolonged Coughing 
 

☐ ☐ ☐ ☐ 

Required Use of 
Bronchodilator 

☐ ☐ ☐ ☐ 

None of above 
 

☐ ☐ ☐ ☐ 
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Figure 2. Flowchart of patients with and without symptoms of upper respiratory 

tract infection (URI) on day of procedure. 

 

  

Data collected on 536 
patients

116 patients with URI

34 patients had 
perioperative 

respiratory adverse 
events

82 patients without 
perioperative 

respiratory adverse 
events

406 patients without 
symptoms of an URI

61 patients had 
perioperative 

respiratory adverse 
events

345 patients without 
perioperative 

respiratory events

14 cancellations 
secondary to URI
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Figure 3. Percentage of patients with respiratory complications by COLDS score 
grouping 
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Figure 4. Comparison of area under the ROC curve for complete COLDS score 

versus component COLDS score. The area under the ROC curve was comparable 

whether all 5 parameters (Cold symptoms, onset of symptoms, presence of 

underlying lung disease, airway device to be used or surgery type) or only 3 

parameters (cold symptoms, presence of underlying lung disease and surgery type) 

were used. 

  

  COLDS Score Components 

         

 

 

 

 

 

 

  

 

COLDS Score 

AUC of ROC= 0.69 (0.63-0.75), 
 p<0.001 

 
 

AUC of ROC: 0.71 (0.65-0.77),  
 p<0.001 
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Figure 5. Optimized COLDS score key based on regression analysis 

  Optimized Key 

OLD scoring 
key C O L D S 

1 1 1 1 1 1 

2 2.45 0.76 1.38 1.93 0.79 

5 5.09 -0.26 2.49 1.97 1.68 

      

    

 

OLD key AUC = 0.69 (0.63, 0.75), p<0.001 

NEW key AUC = 0.71 (0.65, 0.77), p<0.001  
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Figure 6. Respiratory Complication Rate with Upper Respiratory Tract Infection with 

Given LDS Score 

 

Overall, patients with lower “LDS” scores had a lower rate of having any 

perioperative respiratory complications and this risk increased with increasing “LDS” 

score. There was also a non-significant trend towards an inverse association 

between “LDS” score and upper respiratory tract infection status. In our regression 

model, the interaction between “LDS” score and URI status was not statistically 

significant, likely due to low sample size in the higher “LDS” score range.  
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Figure 7. Predicted Complication Rate Using the COLDS Score 
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Table 1. Case Type Distribution and Incidence of Complications 

Case Type URI (%) No URI (%) 

ENT 44(30.3%) 101 (69.7%) 

Radiology 23 (26.7%) 63 (73.3%) 

Cardiac 12 (22.2%) 42 (77.8%) 

General 12 (17.6%) 56 (82.4%) 

Other 12 (19.4%) 50 (80.6%) 

Urology 12 (20.7%) 46 (79.3%) 

Plastics 6 (33.3%) 12 (66.7%) 

Orthopedics 5 (23.8%) 16 (76.2%) 

GI 3 (15.0%) 17 (85.0%) 

Unknown 1 (25.0%) 3 (75.0%) 

Overall 130 (24.3%) 406 (75.7%) 
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Table 2. Frequency of URI vs. no URI by COLDS category 
 

 

Category 
Score  

URI (n= 130) 
No URI 
(n=406) 

p-value 

C 1 0 (0%) 406 (100%) 
 

  2 114 (87.7%) 0 (0%) 
<0.001 

  5 16 (12.3%) 0 (0%) 
 

O 1 21 (16.1%) 372 (91.6%) 
 

  2 33 (25.4%) 25 (6.2%) 
<0.001 

  5 76 (58.5%) 9 (2.2%) 
 

L 1 102 (78.5%) 343 (84.5%) 
 

  2 21 (16.2%) 36 (8.9%) 
0.061 

  5 7 (5.3%) 27 (6.6%) 
 

D 1 48 (36.9%) 137 (33.7%) 
 

  2 12 (9.2%) 51 (12.6%) 
0.543 

  5 70 (53.8) 218 (53.7%) 
 

S 1 102 (78.5%) 319 (78.6%) 
 

  2 22 (16.9) 65 (16%) 
0.919 

  5 6 (4.6%) 22 (5.4%) 
 

 

  



38 
 

Table 3. Total and cumulative complication rate in pediatric surgical patients who 
underwent surgery by complication type. 
 

  With URI Without URI p-value 

 
Complications n=116 n=406 

 Event Rate Laryngospasm 9 (7.8%) 14 (3.4%) 0.068 

 
Bronchospasm 13 (11.2%) 15 (3.7%) 0.004 

 
Oxygen desaturation<90% 30 (25.9%) 44 (10.8%) <0.001 

 
Prolonged Coughing 16 (13.8%) 10 (2.5%) <0.001 

 
Need for Bronchodilator 9 (7.8%) 11 (2.7%) 0.024 

  
   

Cumulative Laryngospasm 8 (6.9%) 13 (3.2%) 0.103 

Event Rate Bronchospasm 8 (6.9%) 11 (2.7%) 0.047 

 

Oxygen desaturation<90% 20 (17.2%) 32 (7.9%) 0.004 

 

Prolonged Coughing 11 (9.5%) 10 (2.5%) 0.002 

 
Need for Bronchodilator 8 (6.9%) 10 (2.5%) 0.038 
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Table 4. Frequency of Complications by COLDS Score 
 

 

Category Score 

Complications # (%) 1 2 5 

C 60 (15%) 30 (27%) 3 (50%) 

O 59 (15%) 19 (33%) 15 (20%) 

L 70 (16%) 9 (16%) 14 (42%) 

D 14 (8%) 12 (20%) 67 (24%) 

S 65 (16%) 20 (24%) 8 (30%) 
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Table 5. Area under receiver operator characteristic curve for individual COLDS 

component score 

COLDS Component AUC p-value 

C 0.59 0.01 

O 0.58 0.04 

L 0.55 0.11 

D 0.63 0.00 

S 0.55 0.11 
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Table 6. Colds Score Predictive Ability Stratified by Age 

  AUC 
Lower 
95% 

Upper 
95% P-value 

 Age 0-<1 
(n=212) 0.70 0.61 0.79 <0.001 

 Age 2-<4 
(n=142) 0.71 0.61 0.81 0.001 

 Age 4-6 
(n=168) 0.66 0.56 0.77 0.009 
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