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SUMMARY 85 

Background: In the absence of direct evidence to support how to use nasal endoscopy findings 86 

to judge chronic rhinosinusitis (CRS) disease control, experts' practice patterns could provide 87 

guidance.   88 

Methodology: Participants consisted of a diverse group of twenty-nine rhinologists.  Participants 89 

were presented with every possible combination of bilateral nasal endoscopy findings 90 

represented by the modified Lund-Kennedy (MLK; range: 0–12) endoscopic scoring system and 91 

Nasal Polyp Score (NPS; range: 0–8).    Reflecting the practical consequence of CRS disease 92 

control assessment, participants were asked whether they would consider CRS treatment 93 

escalation based on each scenario in the absence of any CRS symptoms and how strongly they 94 

considered escalating therapy.  The same scenarios were then presented in the context of 1 95 

burdensome CRS symptom and participants again were asked whether they would consider 96 

treatment escalation.   97 

Results: The median threshold MLK score for considering treatment escalation was ≥4 and 98 

75.9% of participants’ MLK thresholds were within 1 point of 4.  The median threshold NPS for 99 

considering treatment escalation was ≥3 and 62.5% of participants’ NPS thresholds were within 100 

1 point of 3.  Endoscopy score thresholds decreased in the presence of 1 burdensome symptom 101 

and generally increased when requiring stronger affirmation for considering CRS treatment 102 

escalation.   103 

Conclusion: Reflecting the practice patterns of a diverse group of rhinologists, MLK score ≥4 or 104 

NPS ≥3 may serve as thresholds for considering CRS treatment escalation.  Alternatively, MLK 105 

score <4 or NPS <3 may serve as endoscopic goals of CRS treatment.  These results provide 106 

guidance for using nasal endoscopy findings as a criterion of CRS disease control. 107 

  108 



INTRODUCTION 109 

 Chronic rhinosinusitis (CRS) disease control serves as a goal of treatment for CRS, and 110 

treatment of CRS can be escalated specifically to achieve control.(1-3)  However, the criteria by 111 

which CRS disease control is assessed remains a subject of discussion.(4)  A recent international 112 

study identified consensus criteria for the assessment of CRS disease control that were broadly 113 

agreed upon as well as several criteria that reached near-consensus, around which there is active 114 

debate.(5)  Among these near-consensus criteria was nasal endoscopy findings.   115 

 The use of nasal endoscopy findings to assess CRS disease control—and therefore a 116 

focus on reducing nasal endoscopy findings as a goal of treatment—has been historically 117 

controversial.  Positive nasal endoscopy findings have traditionally been considered an objective 118 

measure of disease burden and a reflection of uncontrolled disease that could motivate escalation 119 

of a patient’s CRS treatment.  However, there is presently a lack of direct evidence to support a 120 

role for endoscopic disease burden in judging CRS disease control.(6,7)  While future 121 

investigations may provide this evidence, there is a present need for guidance on how nasal 122 

endoscopy findings could be used to assess CRS disease control.   123 

 In the absence of scientific evidence, the practice patterns of experts and experienced 124 

providers may serve to inform how nasal endoscopy findings are interpreted to indicate CRS 125 

disease control.  Because decisions regarding treatment escalation are the practical consequences 126 

of a provider’s perceived lack of CRS disease control, a complete understanding of how nasal 127 

endoscopy findings influence providers to consider CRS treatment escalation could offer 128 

guidance for how nasal endoscopy findings may be incorporated into assessment of CRS disease 129 

control.  The specific objective of our study was to determine a minimum level of nasal 130 

endoscopy findings—based on the commonly used, established endoscopy scales reflected by the 131 

modified Lund-Kennedy (MLK) endoscopic scoring system(8) and Nasal Polyp Score (NPS)(9) —132 

that would lead to consideration of CRS treatment escalation and by extension, indicate a lack of 133 

CRS disease control.  We believe that the findings from this study provide important, novel 134 

insights reflective of real-world practice for the implementation of a nasal endoscopy criterion in 135 

the assessment of CRS disease control by establishing thresholds for MLK score and NPS, above 136 

which nasal endoscopy findings may indicate uncontrolled CRS and the possible need for 137 

treatment escalation.   138 

139 



MATERIALS AND METHODS 140 

Study participants 141 

 This study was approved by the University of Cincinnati Institutional Review Board.  142 

Currently practicing rhinologists (Table 1), defined as otorhinolaryngologists whose practices 143 

are focused on the subspeciality of rhinology, were recruited and provided informed consent for 144 

inclusion into this study.  Each rhinologist was anonymized and randomly assigned a participant 145 

identification number.  Inclusion criterion was a demonstration of expertise in CRS as evidenced 146 

by a history as an opinion leader and scholarly activity.  Study participants were recruited to 147 

represent different career stages and geographic locales.   148 

 149 

Study design 150 

 The primary objective of this study was to identify discrete, numerical thresholds for 151 

nasal endoscopy findings (based on MLK score and NPS) as an independent outcome measure 152 

(i.e., in the absence of CRS symptoms) in adults with primary, diffuse CRS that would lead 153 

rhinologists (i.e., the study participants) to consider escalation of CRS treatment.  Rhinologists 154 

were chosen to study the perspective of the healthcare provider based on their subspecialty 155 

expertise.  The secondary objectives of this study were to determine 1) how the thresholds for 156 

nasal endoscopy findings triggering consideration for treatment escalation would be impacted by 157 

the presence of CRS symptoms and the strength of confidence for consideration of treatment 158 

escalation and 2) the association between thresholds for nasal endoscopy scores and participants’ 159 

views on the importance of nasal endoscopy findings in treatment decisions and their overall 160 

years in practice.   161 

The study design was implemented using two questionnaires that were completed 162 

electronically.  At the beginning of the first questionnaire, participants were asked to 1) use a 163 

visual analog scale (VAS) with scores ranging from 0 to 100 to rate “how important, on average, 164 

are nasal endoscopy findings in your decision to escalate a patient’s chronic rhinosinusitis 165 

treatment?” and 2) report using integer values the number of years they have been practicing as  166 

a rhinologist (not including training).  Next, nasal endoscopy scenarios were presented to the 167 

participants.   168 

Nasal endoscopy scenarios were presented with MLK(8) and NPS(9) scales (Table 2).  The 169 

MLK scale assesses three criteria (discharge, edema, and polyps) that are evaluated on each side 170 



of the nasal cavity, for maximum total bilateral score of 12.(8)  The NPS scale includes five levels 171 

of polyp size/extent(9) that is assessed on each side for a maximum total bilateral score of 8.  172 

Each of these scales was explicitly explained to participants immediately before scenarios were 173 

presented to them.  To achieve our primary objective, every possible combination of bilateral 174 

nasal endoscopy findings achievable using the MLK endoscopic scale (378 scenarios) and the 175 

NPS scale (15 scenarios) were presented to each participant.  All nasal endoscopy findings based 176 

on MLK and NPS scales were provided in descriptive language and not numerical scores.  As an 177 

example, one MLK endoscopic score scenario was presented as: “mild edema on one side, 178 

polyps confined to the middle meatus on the other side”.  In the first questionnaire, participants 179 

were instructed 1) that all scenarios were in reference to adult patients with primary diffuse CRS 180 

and 2) to consider each nasal endoscopy scenario in the absence of any CRS symptoms.  No 181 

indication was given about prior endoscopic sinus surgery or (for MLK scenarios) polyp status 182 

for the hypothetical patients in each scenario to maintain the generality of our study findings.  183 

Participants were then asked whether they would consider CRS treatment with response options 184 

of “no”, “maybe” and “yes”.  The comparison of response options “maybe” vs. “yes” was 185 

interpreted to reflect participants’ strength of confidence or affirmation in considering treatment 186 

escalation.  Twenty-four hours after completion of this questionnaire, the second questionnaire 187 

was made accessible to participants with the same nasal endoscopy scenarios as in the first 188 

questionnaire, but participants were instructed to consider the scenarios in the setting of 1 189 

burdensome CRS symptom experienced by the patient.  Methodologically, “1 burdensome CRS 190 

symptom” was chosen as the clinical context for the second questionnaire because previous work 191 

has suggested that at least 1 CRS disease manifestation (e.g., burdensome symptom) may be 192 

necessary for nasal endoscopy findings to maximally influence rhinologists’ assessment of a lack 193 

of control.(10) 194 

Participants were given 3 weeks to complete each questionnaire.  Participants were also 195 

unable to access their responses from the first questionnaire when completing the second 196 

questionnaire.  For both questionnaires, participants were instructed that neither the hypothetical 197 

patient’s current treatment regimen nor how treatment would be escalated was being specified. 198 

Participants were explicitly asked to acknowledge that they understood these instructions.   199 

 200 

Statistical Analysis  201 



 All analyses were performed using the statistical software package R (www.r-202 

project.org).(11)  Recruitment of participants was performed to 1) have sufficient sample size to 203 

identify mean MLK endoscopic score and NPS thresholds within 1 point of the true value with 204 

95% power and 2) have broad representation of experts of different backgrounds, training and 205 

geographic locale.  Correlations were performed using Spearman’s method.  For each nasal 206 

endoscopy scenario provided, the participant’s response was dichotomized as an affirmative to 207 

whether they would consider escalation of treatment (response of “maybe” or “yes”) or not 208 

(response of “no”).  Where explicitly specified, secondary analyses reflecting participants’ 209 

stronger confidence in treatment escalation were performed by dichotomizing the participant’s 210 

response such that an affirmative response was defined only by a response of “yes”. 211 

Analyses of scenarios using MLK and NPS scales were performed separately.  All 212 

analyses were performed in relation to total bilateral MLK score and total bilateral NPS.  213 

Associations with consideration for treatment escalation as a dependent variable were sought 214 

with logistic regression.  Threshold MLK score and NPS for consideration of treatment 215 

escalation were determined on a participant-by-participant basis using receiver operator 216 

characteristic (ROC) curve analysis.  Threshold MLK score and NPS were chosen as those that 217 

maximized the sum of sensitivity and specificity for predicting consideration for treatment 218 

escalation.  In the rare circumstances when two different threshold scores were identified that 219 

maximized the sum of sensitivity and specificity, the threshold score that maximized positive 220 

predictive value between those two threshold scores was chosen.  For every ROC analysis, the 221 

area under the ROC curve (AUC) was calculated using the trapezoid rule.   222 

 223 

  224 
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RESULTS 225 

Study participants 226 

 A total of 29 rhinologists with different backgrounds (geographic areas and experience) 227 

were recruited and their identities are summarized in Table 1.  These participants consisted of 15 228 

(51.7%) males and 14 (48.3%) females and had a mean of 19.2 years (SD: 8.5; median: 18; 229 

range: 7 – 37) of experience in independent practice as a rhinologist.  Participants rated the 230 

importance of nasal endoscopy findings in their decision to escalate a patient's CRS treatment 231 

(on a scale of 0 [not at all important] to 100 [of utmost importance]) with mean score of 71.0 232 

(SD: 16.3, median: 69, range: 37 – 100).   233 

 234 

Escalation of chronic rhinosinusitis treatment based on modified Lund-Kennedy scale nasal 235 

endoscopy findings in the absence of symptoms  236 

 Given a nasal endoscopy finding in the absence of CRS symptoms, participants were 237 

asked whether they would consider CRS treatment escalation.  Out of 378 different bilateral 238 

discharge, edema, and polyp score combinations within the MLK scale, the median number of 239 

scenarios for which participants indicated no consideration for treatment escalation was 13 240 

(range: 2 – 299, mean: 46, SD: 73), indicating that for most scenarios, nasal endoscopy findings 241 

reflected in the MLK score may motivate consideration for CRS treatment escalation.  242 

Consideration of treatment escalation was associated with similar magnitude with each of the 243 

MLK components (discharge, edema and polyps) scores (Supplemental materials).  The total 244 

bilateral MLK score thresholds that best predicted when each participant would consider 245 

escalating a patient’s CRS treatment are shown in Table 3 and Figure 1A.  The median threshold 246 

for MLK score that led to consideration for escalation of treatment in the absence of any CRS 247 

symptoms was ≥4 (range: 2 – 7, mean: 4.6, SD: 1.2) and 22 out of 29 (75.9%) participants’ MLK 248 

score thresholds were within 1 point of 4.  For no participant was any nasal endoscopy finding 249 

(i.e., a threshold MLK score of ≥1) the best predictor for consideration of CRS treatment 250 

escalation in the absence of CRS symptoms.  Neither the participants’ ratings of the importance 251 

they placed on nasal endoscopy in treatment escalation (r=0.07, p=0.689) nor the participants’ 252 

years of experience (r= -0.02, p=0.904) in practice correlated with their MLK threshold for 253 

considering treatment escalation in the absence of symptoms (Figures 1B and 1C).  254 

 255 



Escalation of chronic rhinosinusitis with nasal polyps treatment based on nasal endoscopy 256 

findings reflecting Nasal Polyp Score in the absence of symptoms  257 

We next asked participants to focus on chronic rhinosinusitis with nasal polyps 258 

(CRSwNP) and whether they would consider escalation of treatment based on nasal endoscopy 259 

findings reflecting all possible combinations of the NPS scale in the absence of CRS symptoms.  260 

Out of 15 different polyp score combinations in NPS, the median number of scenarios for which 261 

participants indicated no consideration for treatment escalation was 3 (range: 1 – 11, mean: 4, 262 

SD: 3), indicating that many scenarios reflected in the NPS scale may motivate consideration for 263 

CRS treatment escalation.  The total bilateral NPS thresholds that best identified when each 264 

participant would consider escalating treatment of a patient’s CRSwNP are shown in Table 4 265 

(left) and Figure 2A.  The median NPS threshold that led to consideration for treatment 266 

escalation was ≥3 (range: 1 – 5, mean: 2.6, SD: 1.4), and 15 out of 29 (62.5%) participants’ NPS 267 

thresholds were within 1 point of 3.  The distribution of participants’ NPS thresholds for 268 

consideration of treatment escalation was bimodal.  While ten participants indicated that any 269 

visualization of nasal polyps (i.e., an NPS ≥1) would trigger consideration of CRSwNP treatment 270 

escalation, 10 other participants indicated that a minimum NPS of 3 would be necessary to 271 

consider CRSwNP treatment escalation.  Neither the participants’ ratings of the importance they 272 

place on nasal endoscopy in treatment escalation (r= -0.03, p=0.868) nor the participants’ years 273 

of experience in practice (r= -0.03, p=0.877) correlated with their NPS threshold for considering 274 

treatment escalation in the absence of symptoms (Figures 2B and 2C).   275 

 276 

Influence of symptoms and certainty in consideration of treatment escalation on modified 277 

Lund-Kennedy score and Nasal Polyp Score thresholds 278 

 We also evaluated how the impact of CRS symptoms and certainty in rhinologists’ 279 

consideration of treatment escalation would influence the MLK score and NPS thresholds that 280 

we identified.  To study the impact of CRS symptomatology, all nasal endoscopy scenarios were 281 

presented to rhinologists in the context of a CRS patient also having 1 burdensome CRS 282 

symptom.  For both MLK score and NPS, this led to generally lower thresholds at which 283 

rhinologists would consider treatment escalation, i.e., in the presence of a burdensome CRS 284 

symptom, less endoscopic burden of disease was required for rhinologists to consider treatment 285 

escalation (Supplemental materials).  286 



 To study the impact of rhinologists’ strength of confidence in consideration of treatment 287 

escalation on MLK score and NPS thresholds, we repeated our analyses by defining affirmation 288 

for considering treatment escalation as only a response of “yes” (i.e., not including the “maybe” 289 

response option).  We found that for MLK score, this led to higher thresholds, indicating that 290 

greater endoscopic disease burden was required for participants to more strongly consider 291 

treatment escalation.  For example, in the absence of CRS symptoms, stronger confidence in 292 

consideration for CRS treatment escalation required a median MLK score ≥6 (Supplemental 293 

materials).  For NPS, however, the median threshold for considering treatment escalation—for 294 

both an asymptomatic patient and a patient with 1 burdensome CRSwNP symptom—stayed 295 

stable at NPS ≥3 (Supplemental materials).   296 

 297 

 298 

  299 



DISCUSSION 300 

 Use of nasal endoscopy findings as a criterion for judging CRS disease control is 301 

controversial with a paucity of supportive evidence.(5,12)  However, guidance may be derived 302 

from the practice patterns of those with expertise in the management of CRS—specifically, what 303 

level of nasal endoscopy findings would trigger their consideration of CRS treatment escalation 304 

as the real-world reflection of CRS disease control assessment.  Among our rhinologist study 305 

participants, we found that consideration for CRS treatment escalation was triggered by a median 306 

MLK score ≥4 or a median NPS ≥3, with overall low variability between participants.  These 307 

values of MLK score and NPS may therefore serve as thresholds for nasal endoscopy findings—308 

as reflections of CRS that is not controlled—to trigger consideration of CRS treatment 309 

escalation.  As a corollary, MLK score <4 or NPS <3 may therefore serve as nasal endoscopy 310 

goals in the treatment of CRS.   311 

 The first criteria for CRS disease control were proposed by the 2012 European Position 312 

Paper on Rhinosinusitis and Nasal Polyps (EPOS) and included a nasal endoscopy criterion that 313 

considered any nasal endoscopy finding reflecting “diseased mucosa” (e.g., edema, nasal polyps, 314 

or discharge) as a reflection of lost CRS disease control.(13)  However, subsequent studies have 315 

shown that this nasal endoscopy criterion may be inessential, rarely changing the EPOS 316 

classification of CRS control.(14,15)  The significance of nasal endoscopy findings as a CRS 317 

treatment target has also been called into question by weak—or no—correlation with patients’ 318 

CRS symptom burden or quality of life.(7,8,16-18)  Nevertheless, the reality is that nasal endoscopy 319 

findings play an important role in rhinologists’ assessment of CRS disease control.  Nasal 320 

endoscopy findings are among the CRS disease characteristics that most greatly associate with 321 

how rhinologists assess a patient’s CRS disease control, playing an especially important role by 322 

providing tangible evidence of active disease to which to attribute symptoms.(10)  However, it 323 

remains unclear how exactly the magnitude of disease burden observed in nasal endoscopy is 324 

used by rhinologists to judge disease control in CRS and by extension, to direct treatment of 325 

CRS. 326 

 In this study, by synthesizing the treatment decisions of 29 rhinologists, we found that 327 

consideration for CRS treatment escalation occurred at a median total bilateral MLK score ≥4 or 328 

a median total bilateral NPS ≥3 in the absence of CRS symptoms.  With low variation around 329 

these median values in the broad and diverse group of rhinologists who participated in this study, 330 



MLK score ≥4 or NPS ≥3 could therefore serve as thresholds to trigger consideration for 331 

escalation of CRS treatment.  These results also imply that an MLK score <4 or an NPS <3 may 332 

be indicative of acceptable endoscopic CRS disease burden and therefore specifically represent 333 

outcomes that could serve as endoscopic goals for treatment of CRS.  As expected, the presence 334 

of burdensome CRS symptomatology reduced these thresholds while requiring a stronger 335 

affirmation for consideration of treatment escalation could increase these thresholds.  336 

Unexpectedly, the degree of importance that participants explicitly placed on nasal endoscopy 337 

findings to impact CRS treatment decisions did not correlate with the threshold MLK score or 338 

NPS at which they would consider treatment escalation.  Similarly, participants’ years of 339 

experience in clinical practice as a rhinologist did not correlate with the threshold MLK score or 340 

NPS at which they would consider treatment escalation.  Our analysis of nasal endoscopy 341 

findings reflecting NPS for CRSwNP patients also indicated a greater predilection to consider 342 

treatment escalation for lesser findings compared to MLK score.  For example, even in the 343 

absence of CRSwNP symptoms, a sizeable group of rhinologists considered treatment escalation 344 

for any nasal polyps (NPS ≥1).  In fact, the threshold NPS for consideration of treatment 345 

escalation in the absence of CRSwNP symptoms was bimodal with one modal group 346 

representing the rhinologists who considered treatment escalation due to any nasal polyps while 347 

the other larger modal group of rhinologists required higher NPS (≥3) to consider CRSwNP 348 

treatment escalation.  Moreover, while the median MLK score threshold for consideration of 349 

treatment escalation was sensitive to various factors (for example increasing to ≥6 when 350 

requiring a stronger affirmation for consideration of treatment escalation), the median NPS 351 

threshold remained stable at NPS ≥3 regardless of how strongly we required study participants to 352 

affirm consideration of treatment escalation regardless of whether the scenario involved an 353 

asymptomatic patient or a patient with a burdensome CRSwNP symptom. 354 

Our results provide novel insights and have important implications for the use of nasal 355 

endoscopy findings in CRS disease control assessment and treatment decisions.  The present 356 

study is the first to explicitly show the full breadth and variability in how endoscopic burden of 357 

CRS influences treatment decisions in a diverse group of rhinologists by identifying specific, 358 

quantitative thresholds for nasal endoscopy findings in terms of MLK score and NPS that would 359 

lead these rhinologists to consider treatment escalation.  Our results also illustrate that the 360 

variability in nasal endoscopy score thresholds was overall not large, reflecting the large degree 361 



of commonality between rhinologists.  Moreover, the lack of correlation between participants’ 362 

rating of importance they placed on nasal endoscopy findings and their threshold values of MLK 363 

score and NPS may also reflect commonality between rhinologists despite differences in their 364 

conscious and outwardly stated opinions regarding the role of nasal endoscopy.  Perhaps the 365 

most important implications of our results are that any positive (i.e., non-zero) nasal endoscopy 366 

may be insufficient to indicate loss of CRS control (i.e., unacceptability of nasal endoscopy 367 

findings) in the opinion of most rhinologists, as reflected by our findings that MLK score ≥4 and 368 

NPS ≥3 are required by the majority of rhinologists to trigger consideration for CRS treatment 369 

escalation.  In fact, some positive nasal endoscopy findings may be acceptable. For example, 370 

achieving an MLK score <4 and NPS <3 could be viewed as an alternative treatment goal to the 371 

complete absence of any nasal endoscopy finding (i.e., nasal endoscopy scores of zero).   372 

Our results should be interpreted in the context of our study limitations.  Although we 373 

have identified MLK score ≥4 and NPS ≥3 as possible thresholds for endoscopic burden of 374 

disease to indicate loss of disease control and trigger consideration of treatment escalation in a 375 

manner globally reflective of our study participants, variability existed on a participant-by-376 

participant level.  This variability could be related to participants’ individual interpretations of 377 

the descriptive endoscopic findings based on the MLK and NPS scales.  Moreover, we 378 

acknowledge the presence of confounding factors, such as concomitant CRS symptomatology, 379 

that could impact how endoscopic disease burden influences consideration for treatment 380 

escalation.  For these reasons, we have sought to transparently report all results—from 381 

participant-level results to results accounting for the presence of burdensome CRS 382 

symptomatology and account for strength in confidence/affirmation of consideration for 383 

treatment escalation.  Finally, although study participants were instructed to consider nasal 384 

endoscopy findings independent of the patient’s current treatment regimen or how treatment 385 

would be escalated, these factors may very well influence consideration for treatment escalation.  386 

Therefore, treatment-specific approaches may be developed in the future while our current 387 

results may presently provide a general framework for using endoscopic burden of disease to 388 

motivate treatment decisions.   389 

 390 

CONCLUSIONS 391 



 Endoscopic burden of CRS reflected by MLK score ≥4 or NPS ≥3 may be used as 392 

thresholds to indicate loss of CRS disease control.  Alternatively, MLK score <4 or NPS <3 may 393 

serve as endoscopic goals of CRS treatment.  However, factors such as the presence of 394 

concomitant burdensome CRS symptomatology, influence the thresholds of endoscopic disease 395 

burden that motivate CRS treatment decisions.  Nevertheless, our results, reflecting diverse 396 

expert rhinologists’ practice patterns, may provide guidance for how endoscopic burden of 397 

disease could inform treatment decisions as a criterion of CRS disease control.  398 



 399 
Table 1.  Study participants  400 

Name 
(alphabetical order) Institution 

Isam Alobid University of Barcelona 
Saad Alsaleh Kind Saud University 

Wilma Anselmo-Lima University of Sao Paulo 
Manuel Bernal-Sprekelsen University of Barcelona 

Rakesh Chandra Vanderbilt University 
Jannis Constantinidis Aristotle University 

Wytske Fokkens Amsterdam University Medical Center 
Christine Franzese University of Missouri 

Stacey Gray Harvard Medical School 
Ashleigh Halderman University of Texas Southwestern Medical Center 

Eric Holbrook Harvard Medical School 
Claire Hopkins King’s College 
Peter Hwang Stanford University 
Basile Landis University of Geneva 
Valerie Lund University College London 

Edward McCoul Ochsner Clinic Foundation 
Verena Niederberger-Leppin Medical University of Vienna 

Erin O’Brien Mayo Clinic 
Carl Philpott University of East Anglia 

Steven Pletcher University of California San Francisco 
Melissa Pynnonen University of Michigan 

Sietze Reitsma Amsterdam University Medical Center 
Joanne Rimmer Monash University 

Sanna Toppila-Salmi University of Eastern Finland 
Eric Wang University of Pittsburgh 

Marilene Wang University of California Los Angeles 
Sarah Wise Emory University 

Bradford Woodworth University of Alabama Birmingham 
William Yao University of Texas Houston 

 401 
 402 
 403 
  404 



Table 2. Endoscopic scoring scales* 405 
Modified Lund-Kennedy(8) Nasal Polyp Score(9) 

Polyps  0 = no polyps 
0 = no polyps 1 = Small nasal polyps in the middle meatus not reaching 

below the inferior 
border of the middle turbinate 

1 = polyps in middle meatus only 
2 = beyond middle meatus 

Edema 2 = Nasal polyps reaching below the lower border of the 
middle turbinate 0 = absent 

1 = mild 3 = Large nasal polyps reaching the lower border of the 
inferior turbinate or nasal polyps medial to the middle 
turbinate (which score 2 plus additional nasal polyps medial 
and beyond the borders of the middle turbinate) 

2 = severe 
Discharge 

0 = no discharge 
1 = thin, clear discharge 4 = Large nasal polyps causing complete obstruction of the 

inferior nasal cavity 2 = thick, purulent discharge 
*For unilateral score; total score is calculated as the sum of both sides (unilateral scores for left and right). 406 
 407 



Table 3. Participant-level modified Lund-Kennedy endoscopy score 
predicting consideration for escalation of CRS treatment 

 In the absence of CRS symptoms 
Participant* Cut-off AUC 

 
Sensitivity Specificity 

1 ≥4 0.963 91.1% 88.9% 
2 ≥4 0.968 91.3% 90.0% 
3 ≥5 0.908 79.8% 94.1% 
4 ≥6 0.757 76.7% 60.5% 
5 ≥4 0.989 92.3% 100.0% 
6 ≥5 0.924 82.6% 87.9% 
7 ≥3 0.990 96.8% 100.0% 
8 ≥5 0.952 82.8% 96.7% 
9 ≥4 0.970 91.8% 91.7% 
10 ≥7 0.744 55.7% 79.2% 
11 ≥4 0.968 91.3% 90.0% 
12 ≥4 0.965 91.1% 88.9% 
13 ≥3 0.974 97.6% 87.5% 
14 ≥2 0.999 99.5% 100% 
15 ≥6 0.823 65.5% 85.7% 
16 ≥4 0.985 90.8% 100.0% 
17 ≥3 0.989 96.3% 100.0% 
18 ≥4 0.967 90.8% 87.5% 
19 ≥4 0.968 91.3% 90.0% 
20 ≥4 0.958 90.8% 87.5% 
21 ≥4 0.976 92.3% 100.0% 
22 ≥4 0.944 81.5% 92.3% 
23 ≥6 0.830 88.9% 60.0% 
24 ≥7 0.828 79.7% 70.2% 
25 ≥5 0.901 82.5% 82.9% 
26 ≥6 0.866 66.6% 89.1% 
27 ≥5 0.862 83.7% 74.5% 
28 ≥5 0.849 81.8% 71.1% 
29 ≥5 0.901 82.7% 83.3% 

*Participant identification numbers were randomly assigned and do not reflect order of participants shown in Table 1. 
 
 
 
 
 
 

  



Table 4. Participant-level Nasal Polyp Score predicting possible 
consideration for escalation of CRSwNP treatment 

 In the absence of CRS symptoms 
Participant* Cut-off AUC 

 
Sensitivity Specificity 

1 ≥2 1.00 100.0% 100.0% 
2 ≥3 0.942 84.6% 100.0% 
3 ≥2 1.000 100.0% 100.0% 
4 ≥5 0.990 100.0% 90.0% 
5 ≥3 0.986 91.7% 100.0% 
6 ≥4 0.852 100% 54.5% 
7 ≥1 1.000 100.0% 100.0% 
8 ≥3 0.986 91.7% 100.0% 
9 ≥3 0.942 84.6% 100.0% 
10 ≥5 0.900 80.0% 80.0% 
11 ≥1 1.000 100.0% 100.0% 
12 ≥1 1.000 100.0% 100.0% 
13 ≥1 1.000 100.0% 100.0% 
14 ≥1 1.000 100.0% 100.0% 
15 ≥3 1.000 100.0% 100.0% 
16 ≥1 1.000 100.0% 100.0% 
17 ≥1 1.000 100.0% 100.0% 
18 ≥1 1.000 100.0% 100.0% 
19 ≥1 1.000 100.0% 100.0% 
20 ≥1 1.000 100.0% 100.0% 
21 ≥3 1.000 100.0% 100.0% 
22 ≥3 0.986 91.7% 100.0% 
23 ≥4 0.954 88.9% 83.3% 
24 ≥5 0.900 80.0% 80.0% 
25 ≥3 1.000 100.0% 100.0% 
26 ≥4 0.955 81.8% 100.0% 
27 ≥3 0.986 91.7% 100.0% 
28 ≥5 0.954 83.3% 88.9% 
29 ≥3 0.986 91.7% 100.0% 

*Participant identification numbers were randomly assigned and do not reflect order of participants shown in Table 1. 
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Figure legends 

Figure 1.  Participants’ modified Lund-Kennedy endoscopic score thresholds in the absence of 

CRS symptoms that best predict consideration for CRS treatment escalation A) shown in a 

histogram plot and plotted against participants’ B) ratings of importance of nasal endoscopy 

findings in their decision to escalate CRS treatment and C) years of experience. 

Figure 2.  Participants’ nasal polyp score thresholds in the absence of CRS symptoms that best 

predict consideration for CRS treatment escalation A) shown in a histogram plot and plotted 

against participants’ B) ratings of importance of nasal endoscopy findings in their decision to 

escalate CRS treatment and C) years of experience. 

 

   


