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Abstract

The objective of this study is to evaluate the impact of preoperative frailty on short-term outcomes
following intradural resection of skull base lesions. The 2005-2017 ACS-NSQIP database was
queried for 30-day post-operative outcomes of patients undergoing intradural resection of the skull
base, extracted by CPT codes 61601, 61606, 61608, and 61616. Five-item modified frailty index
(mFI) was calculated based on the history of diabetes mellitus, chronic obstructive pulmonary
disease, congestive heart failure, chronic hypertension, and functional status. A total of 701
patients (58.8% female, 72.0% white) were included with a mean age of 51.8 + 14.7 years.
Compared to patients with mFI=0 (n=403), patients with mFI >1 (h=298) were more likely

to have higher rates of reoperation (13.4% vs. 8.7%, p=0.045), medical complications (20.5%

vs. 9.2%, p<0.001), surgical complications (13.8% vs. 8.4%, p=0.024), discharge to hon-home
facility (DNHF) (24.8% vs. 13.3%, p<0.001), and prolonged length of hospitalization (7.3 +

6.8 days vs. 5.6 £ 5.0, p=0.003). Moreover, mFI=1-3 was also associated with higher BMI,
non-white race, high ASA, and older age (all p<0.05). Upon adjusting for age, BMI, race, ASA
score, and surgical site, multivariate regression analysis demonstrated that higher mFI (treated

as a continuous variable) was associated with higher odds of medical complications (OR=1.630,
Cl=1.153-2.308, £=0.006), surgical complications (OR=1.594, C1=1.042-2.438, p<0.031), and
LOS =10 days (OR=1.609, CI=1.176-2.208, p=0.003). In conclusion, the 5-item mFI can be

an independent predictor of several important short-term surgical outcomes following intradural
resection of skull base lesions, warranting further investigations into its clinical utility.
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Introduction

Methods

Deciding on whether a patient can tolerate surgery, or if optimizing certain clinical
parameters can help improve their postoperative outcomes, are important considerations for
the operating surgeon. Despite this, the aforementioned judgments are often subjective and
stem from the experience of the providers rather than from objective measures. Although
age has been an important predictor of patients’ resilience and ability to tolerate surgeries,
several recent studies have suggested that frailty is a stronger prognosticator of surgical
outcomes.1 =3 Frailty can be described as an individual’s decreased physiological reserve and
diminished ability to tolerate stressful events. > Namely, physiologic changes as a result of
comorbidities, malnourishment, inactivity, and stress, and not just natural aging, can lead to
a reduced capacity to maintain normal homeostasis under stressful conditions.® 7 Because
traditional frailty models (e.g., physical phenotype and cumulating deficits)®  can be too
comprehensive and difficult to use for prompt surgical risk assessment, there have been
recent efforts to establish various modified frailty indexes (mFI) which are more clinically
interpretable,10. 11

The recent literature has validated the existing relationship between patients’ 5-item mFI
and various postoperative outcomes in spine surgery,12- 13 head and neck surgery,4 15

and general surgery.16: 17 This has important implications, as this metric can serve as

an important prognostic tool to quickly evaluate patients’ surgical risks or identify at-

risk patients for better optimization of pre-, peri-, or postoperative parameters. Despite

its important quality improvement implications, the influence of mFI on outcomes for
intradural resection of skull base lesions has yet to be determined. Herein, this study utilized
the American College of Surgeons National Surgical Quality Improvement Program (ACS-
NSQIP) to evaluate the effect of the 5-item mFI on short-term surgical outcomes following
intradural resection of skull base lesions.

This study did not require Institutional Review Board approval due to the publicly
accessible and de-identified nature of the data. Data was collected from the 2005-2017
ACS-NSQIP database, which acquires information from more than 600 hospitals.18 The
following Current Procedural Terminology (CPT) codes were utilized to extract patients
undergoing excision of intradural skull base lesions: 61601 (intradural resection or excision
of neoplastic, vascular or infectious lesion of base of anterior cranial fossa, including dural
repair, with or without graft), 61606 (intradural resection or excision of neoplastic, vascular
or infectious lesion of infratemporal fossa, parapharyngeal space, petrous apex), 61608
(intradural resection or excision of neoplastic, vascular or infectious lesion of parasellar
area, cavernous sinus, clivus or midline skull base), and 61616 (intradural resection or
excision of neoplastic, vascular or infectious lesion of base of posterior cranial fossa, jugular
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foramen, foramen magnum, or C1-C3 vertebral bodies). The CPT codes that characterize the
procedures within this database are standardized 5-digit codes that offer surgeons healthcare
professionals a uniform language for coding specific medical procedures with the intent of
streamlining reporting, communicating with insurance or billing departments, and promoting
efficiency/accuracy. The codes selected for analysis in the current study specify procedures
upon the skull base involving the anterior, middle, and/or posterior cranial fossae. Patients’
demographic information, pre- and peri-operative clinical data, and 30-day post-operative
outcomes were collected, and those with incomplete 30-day outcome information were
excluded. The “readmission” variable was the only exception: Since this outcome was added
to NSQIP in 2012, patients recorded prior to this year do not have this information, thus the
reported percentages reflect the sub-cohort with available readmission information. Lastly,
this study’s references to “short-term” outcomes refer to the 30-day postoperative timeline
that patients are followed within the NSQIP database.

For each patient, we calculated a 5-item mFI based on five NSQIP variables: dependent
functional status, diabetes mellitus, history of chronic obstructive pulmonary disease
(COPD), history of congestive heart failure (CHF), and hypertension requiring medication.
This specific scoring system was previously validated in a study by Subramaniam et a/.
and has been shown to be strongly correlated with the 11-question mF1.11 The reported
American Society of Anesthesiologists (ASA) score was categorized as low (class 1-2)
versus high (class 3-4) ASA. Discharge to non-home facility (DNHF) included patients
that were discharged to skilled care or unskilled facilities, separate acute care centers, or
rehabilitation centers. Postoperative complications were categorized as surgical or medical
complications in accordance with previous NSQIP studies.19-21 Specifically, medical
complications included pneumonia, unplanned reintubation, >48 hours ventilator use, deep
vein thrombosis, pulmonary embolism, urinary tract infection, renal insufficiency, acute
renal failure, cerebrovascular accident with neurological deficit, cardiac arrest requiring
cardiopulmonary resuscitation, myocardial infarction, sepsis, or septic shock. Surgical
complications included blood transfusion <72 hours postoperatively, wound disruption,
superficial surgical site infection (SSI), deep SSI, or organ/space SSI. The mortality variable
in ACS- NSQIP refers to 30-day all-cause mortality even if it was not directly due to the
surgery.

PASW Statistics 18.0 software (SPSS Inc., Chicago, IL) was used for statistical analyses,
with p-values <0.05 considered statistically significant. Two-tailed unpaired t-tests and
chi-squared tests of independence were utilized for continuous and categorical variables,
respectively. one-way analysis of variance with Tukey honest significant differences was
performed to evaluate the difference among means of more than two groups. Odd ratios
(OR) and regression coefficients (), along with their corresponding 95% confidence
intervals (CI), were obtained from logistic and linear regressions, respectively, to evaluate
various independent relationships while accounting for potential confounders.

A total of 701 patients met the inclusion criteria, consisting of 58.8% female and 72.0%
white patients. The cohort’s average age was 51.8 + 14.7 years (range=18-89 years). The
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cohort consisted of intradural resections of 123 (17.5%) anterior cranial fossa (ACF; CPT
31601), 265 (37.8%) middle cranial fossa (MCF; CPT 61606/61608), and 313 (44.7%)
posterior cranial fossa (PCF; CPT 61616) lesions. Table 1 compares patients according to
these three skull base subcohorts, demonstrating older age (p=0.001) and shorter operation
times (p<0.001) among ACF cohorts, and fewer surgical complications (p<0.001) among
PCF cases.

The patients” mFI score breakdowns (mean 0.53 + 0.69) with the associated comorbidities
are demonstrated in Table 2. The surgical outcomes of patients with mFI=0 (n=403)

and mF1=1-3 (n=298) were compared as listed in Table 3, demonstrating that the latter
group was more likely to undergo reoperations (13.4% vs. 8.7%, p=0.045), surgical
complications (13.8% vs. 8.4%, £p=0.024), medical complications (20.5% vs. 9.2%,
p<0.001), prolonged length of hospitalization (7.3 + 6.8 days vs. 5.6 + 5.0, p=0.003),

and DNHF (24.8% vs. 13.3%, p<0.001). This also demonstrated that, besides being
associated with older age and high ASA score (both p<0.001), mFI=1-3 was also associated
with higher BMI (p<0.001) and non-white race (p=0.011). On multivariate logistical
regression analysis after adjusting for age, sex, race, BMI, ASA score, surgical site, and
operative time as important clinical confounders, patients with mFI =1 had significantly
higher likelihood of surgical complications (OR=1.972, 95% CI=1.026-3.864, p=0.043),
medical complications (OR=1.887, 95% CI=1.140-3.161, p=0.015), and LOS =10 days
(OR=2.012, 95% CI=1.178-3.483, p=0.011). These multivariate logistic regression results,
which account for confounders and elucidate the independent relationship between mFI and
outcomes, are summarized in Table 4.

To further elucidate the effects of higher mFI, patients with mFI1=0-1 (n=627) were
compared to those with mFI=2-3 (n=74) as listed in Table 5. This demonstrated that

mFIs of 2-3 were associated with higher rates of reoperation (17.6% vs. 9.9%, p=0.043),
medical complications (28.4% vs. 12.3%, p<0.001), DNHF (27.4% vs. 17.0%, p=0.044),
and prolonged hospitalization (10.2 £ 12.6 vs. 6.3 + 7.1, p=0.010). Additionally, upon
adjusting for age, sex, race, BMI, ASA score, surgical site, and operative time as important
clinical confounders, multivariate regression analysis demonstrated that higher mFI (treated
as a continuous variable) was associated with greater medical (OR=1.586, Cl=1.114-2.265,
p=0.011) and surgical (OR=1.607, C1=1.029-2.511, p=0.036) complications. Moreover,
increased frailty was not only associated with longer lengths of hospitalization (p=1.994,
Cl=0.735-3.252, p=0.002), but also with LOS =10 days (OR=1.957, Cl=1.370-2.814,
p<0.001). These multivariate logistic regression results, which account for confounders and
elucidate the independent relationship between mFI and outcomes, are summarized in Table
4,

Discussion

In this study, we demonstrated the important prognostic value of the modified frailty index
in patients undergoing intradural resections of skull base lesions. Despite a wide variability
in how frailty indices are formulated, the mFI’s association with morbidity and mortality
has been established in multiple surgical populations.12-17 Due to its simplicity, the mFI
can be easily calculated for most patients in the clinic or at the bedside using information
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obtained from routine histories and physical examinations. Even in this study’s patient
population which had low frailty scores on average, we were still able to demonstrate strong
associations between mFI and several postoperative parameters or adverse events. This
information is important for preoperative patient selection and for counseling patients on the
possible scenarios for recovery following these proposed procedures. Although studies have
previously evaluated the role of preoperative frailty in head and neck surgeries,1#: 22: 23 this
is the first to investigate the influence of mFI on surgical outcomes in skull base surgery.

Overall, we found that a fairly high percentage of patients in this study (20.2%) suffered
from at least one medical or surgical complication, which, in the context of how

complex skull base surgeries are, is consistent with earlier reports in the literature. These
postoperative complications impose a significant financial and emotional burden on patients
and their families.2# Therefore, there is great clinical value in utilizing mF1 as a presurgical
index for identifying high-risk surgical candidates or optimizing certain pre or per-operative
parameters. Evaluation of frailty can provide new insights on the patient’s operative

risk, thereby enabling surgeons to better tailor their interventions, which may sometimes
include providing preoperative therapies that mitigate the impact of frailty. In fact, through
implementation of multifaceted preventive therapy programs, studies have demonstrated
the ability to effectively reduce frailty in elderly patients.2> 26 At the least, an objective
measure of frailty can enhance surgeons’ awareness of possible adverse outcomes and
prompt increased postoperative monitoring for patients who are considered to be more frail.

Our analyses demonstrated significant associations between increasing frailty and higher
rates of reoperation, medical complications, and surgical complications. Furthermore, frailty
was determined to be a strong predictor of prolonged hospitalization and DNHF. Even

after adjusting for age, sex, race, BMI, ASA score, surgical site, and operative time,
multivariate analysis continued to demonstrate increased adverse events among patients

with higher mFI scores. This is consistent with previous studies that demonstrated the
presence of medical comorbidity as a risk factor for postoperative complications in skull
base tumor resections.2’-29 Several otolaryngologic studies have even shown mFI to

be a stronger predictor of postoperative complications than age and ASA score, both

of which are factors that have been classically used in evaluating surgical risk. 30-32

This is particularly important, as focusing on a patient’s health status by using frailty

instead of age can help to alleviate age discrimination in preoperative assessments.33: 34
Multivariate regression further demonstrated that prolonged hospitalization was significantly
associated with higher mFI scores. This was likely a consequence of the greater incidence

of postoperative complications among frail patients. In fact, studies have shown that
postoperative complications can increase LOS to almost three times the average length

of hospitalization for common head and neck operations.3°: 3¢ Additionally, hospitalization
stays might have been further augmented at higher mFIs due to greater care needs that had to
be addressed prior to discharge or delays in patients returning to baseline function.

In our analysis of the frail population, we found chronic hypertension and diabetes mellitus
to be the most common comorbidities contributing to patient frailty. This finding was
similar to the observations reported in a large-population retrospective study of elective
and emergency general surgery cases.3” Furthermore, as poorly-controlled diabetes and
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hypertension can commonly lead to chronic kidney disease,38 these two conditions have
been found to be morbidity synergistic and associated with significantly greater increases in
frailty risk.39 Therefore, physicians should be aware of the prevalence of these comorbidities
and actively recognize their associated risks to guide preoperative counseling and optimize
patient outcomes. Our investigation further revealed that older age, non-white race, higher
ASA score, and higher BMI were more common at higher frailty scores. Population-

based studies investigating the relationship between comorbid conditions and frailty have
uncovered similar associations.*%-42 However, a large-population prospective study by
Cawthon et al. not only demonstrated increased frailty in older ages and non-white races, but
also demonstrated higher mortality risk in frailer patients.*3 While we did not find similar
associations between mortality and mFlI, the statistical power of our analysis may have been
limited by the relatively low mortality rate in our patient population.

Many of the limitations in our study were a consequence of the inherent drawbacks
associated with a large administrative database. Since the outcomes reported in NSQIP

are restricted to 30 days, we were unable to analyze the long-term effects of frailty on
postoperative morbidity and mortality. Moreover, information regarding patient readmission,
discharge site, and elective surgical admissions were missing for a large number of our
patients due to lack of a complete data set. This significantly reduced the sample size of
some our univariate analyses, which could have introduced Type 1l errors. Additionally, the
rate of medical complications may have been underestimated, since the NSQIP does not
include several adverse outcomes, such as postoperative depression, anxiety, and cognitive
decline, that are commonly observed in elderly patients after surgery.** Similarly, NSQIP
does not report specific surgical complications which are unique to skull base surgery

(e.g., intracranial hemorrhage, pneumocephalus, cerebrospinal fluid leak). NSQIP also
does not report whether such surgeries were performed via traditional open approaches

or via endoscopic approaches given limitations inherent to skull base procedural coding,
and it also does not report the specific pathology (e.g., meningioma vs. glioma) which

may result in different short-term outcomes. Furthermore, comparing these findings to our
institutional patients was beyond the scope of the study, but future studies are encouraged
to investigate the association between mFI and outcomes of intradural surgeries using
institutional patients. Finally, since only 2 of our patients had mFI =3, we could not assess
the full predictive range of the mFI in the context of skull base surgeries. In light of the
retrospective nature of our study, future investigations focused on prospective validation and
analysis of the mF1 in this patient population are warranted.

Conclusion

In this study, we demonstrated the clinical value of incorporating the modified frailty index
as a routine presurgical index for identifying high-risk surgical candidates for intradural
skull base tumor resections. By evaluating the impact of preoperative mFI on acute
postoperative outcomes, we demonstrated strong associations between increasing mFI and
higher rates of medical and surgical complications and lengthier hospitalization. The mFI is
a simple, but effective tool that can enable physicians to objectively evaluate patients based
on their functional status. Therefore, this data-driven predictive tool can assist surgeons in
guiding presurgical counseling and enhancing the informed consent process.

J Clin Neurosci. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Goshtasbi et al.

References

1.

Page 7

Wilson JRF, Badhiwala JH, Moghaddamjou A, Yee A, Wilson JR, Fehlings MG. Frailty Is a Better
Predictor than Age of Mortality and Perioperative Complications after Surgery for Degenerative
Cervical Myelopathy: An Analysis of 41,369 Patients from the NSQIP Database 2010-2018. Journal
of clinical medicine. 2020;9(11).

. Casazza GC, Mcintyre MK, Gurgel RK, McCrary HC, Shelton C, Couldwell WT, et al. Increasing

Frailty, Not Increasing Age, Results in Increased Length of Stay Following Vestibular Schwannoma
Surgery. Otology & neurotology : official publication of the American Otological Society, American
Neurotology Society [and] European Academy of Otology and Neurotology. 2020;41(10):e1243—
e9.

. Miller SM, Wolf J, Katlic M, D’ Adamo CR, Coleman J, Ahuja V. Frailty is a better predictor

than age for outcomes in geriatric patients with rectal cancer undergoing proctectomy. Surgery.
2020;168(3):504-8. [PubMed: 32665144]

. Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. The lancet.

2013;381(9868):752-62.

. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, et al. A global clinical

measure of fitness and frailty in elderly people. Cmaj. 2005;173(5):489-95. [PubMed: 16129869]

. Ahmed N, Mandel R, Fain MJ. Frailty: an emerging geriatric syndrome. The American journal of

medicine. 2007;120(9):748-53. [PubMed: 17765039]

. Powell C Frailty: help or hindrance? Journal of the Royal Society of Medicine.

1997;90(32_suppl):23-6.

. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older adults:

evidence for a phenotype. The Journals of Gerontology Series A: Biological Sciences and Medical
Sciences. 2001;56(3):M146-M57.

. Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of deficits as a proxy measure of aging.

TheScientificWorldJournal. 2001;1.

10. Velanovich V, Antoine H, Swartz A, Peters D, Rubinfeld 1. Accumulating deficits model of

frailty and postoperative mortality and morbidity: its application to a national database. journal of
surgical research. 2013;183(1):104-10.

11. Subramaniam S, Aalberg JJ, Soriano RP, Divino CM. New 5-factor modified frailty index using

American College of Surgeons NSQIP data. Journal of the American College of Surgeons.
2018;226(2):173-81. e8. [PubMed: 29155268]

12. Zreik J, Alvi MA, Yolcu YU, Sebastian AS, Freedman BA, Bydon M. Utility of the 5-item

modified Frailty Index for predicting adverse outcomes following elective anterior cervical
discectomy and fusion. World neurosurgery. 2020.

13. Weaver DJ, Malik AT, Jain N, Yu E, Kim J, Khan SN. The Modified 5-Item Frailty Index: A

Concise and Useful Tool for Assessing the Impact of Frailty on Postoperative Morbidity Following
Elective Posterior Lumbar Fusions. World neurosurgery. 2019.

14. Finnerty BM, Gray KD, Ullmann TM, Zarnegar R, Fahey TJ 3rd, Beninato T. Frailty is More

Predictive than Age for Complications After Thyroidectomy for Multinodular Goiter. World
journal of surgery. 2020;44(6):1876-84. [PubMed: 32052107]

15. Xu D, Fei M, Lai Y, Shen Y, Zhou J. Impact of frailty on inpatient outcomes in thyroid cancer

surgery: 10-year results from the US national inpatient sample. Journal of Otolaryngology-Head &
Neck Surgery. 2020;49(1):1-11. [PubMed: 31898554]

16. Keller DS, Reif de Paula T, Kiran RP, Nemeth SK. Evaluating the association of the new National

Surgical Quality Improvement Program modified 5-factor frailty index with outcomes in elective
colorectal surgery. Colorectal disease : the official journal of the Association of Coloproctology of
Great Britain and Ireland. 2020;22(10):1396—-405. [PubMed: 32291861]

17. Fagenson AM, Powers BD, Zorbas KA, Karhadkar S, Karachristos A, Di Carlo A, et al. Frailty

Predicts Morbidity and Mortality After Laparoscopic Cholecystectomy for Acute Cholecystitis:
An ACS-NSQIP Cohort Analysis. Journal of gastrointestinal surgery : official journal of the
Society for Surgery of the Alimentary Tract. 2020:1-9.

J Clin Neurosci. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Goshtasbi et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 8

Shiloach M, Frencher SK Jr, Steeger JE, Rowell KS, Bartzokis K, Tomeh MG, et al. Toward
robust information: data quality and inter-rater reliability in the American College of Surgeons
National Surgical Quality Improvement Program. Journal of the American College of Surgeons.
2010;210(1):6-16. [PubMed: 20123325]

Wardlow RD, Bernstein IA, Orlov CP, Rowan NR. Implications of Obesity on Endoscopic Sinus
Surgery Postoperative Complications: An Analysis of the NSQIP Database. Otolaryngology—Head
and Neck Surgery. 2020:0194599820955180.

Siddiqui E, Shah A, Para A, Baredes S, Park RCW. Risk assessment of hypertension in

carotid body surgeries: A NSQIP analysis. The Laryngoscope. 2020;130(8):2008-12. [PubMed:
31774559]

Goshtasbi K, Verma SP. Early Adverse Events Following Transcervical Hypopharyngeal
Diverticulum Surgery. The Annals of otology, rhinology, and laryngology. 2020:3489420962136.
Goldstein DP, Sklar MC, de Almeida JR, Gilbert R, Gullane P, Irish J, et al. Frailty as a

predictor of outcomes in patients undergoing head and neck cancer surgery. The Laryngoscope.
2020;130(5):E340-€5. [PubMed: 31418866]

Adams P, Ghanem T, Stachler R, Hall F, Velanovich V, Rubinfeld I. Frailty as a predictor of
morbidity and mortality in inpatient head and neck surgery. JAMA otolaryngology-- head & neck
surgery. 2013;139(8):783-9. [PubMed: 23949353]

Porter ME. What is value in health care? The New England journal of medicine.
2010;363(26):2477-81. [PubMed: 21142528]

Cameron ID, Fairhall N, Langron C, Lockwood K, Monaghan N, Aggar C, et al. A multifactorial
interdisciplinary intervention reduces frailty in older people: randomized trial. BMC medicine.
2013;11:65. [PubMed: 23497404]

Gill TM, Baker DI, Gottschalk M, Gahbauer EA, Charpentier PA, de Regt PT, et al. A
prehabilitation program for physically frail community-living older persons. Archives of physical
medicine and rehabilitation. 2003;84(3):394-404. [PubMed: 12638108]

Ganly |, Patel SG, Singh B, Kraus DH, Bridger PG, Cantu G, et al. Complications of craniofacial
resection for malignant tumors of the skull base: report of an International Collaborative Study.
Head & neck. 2005;27(6):445-51. [PubMed: 15825205]

Ganly |, Patel SG, Singh B, Kraus DH, Cantu G, Fliss DM, et al. Craniofacial resection for
malignant tumors involving the skull base in the elderly: an international collaborative study.
Cancer. 2011;117(3):563-71. [PubMed: 20872881]

Kuan EC, Badran KW, Yoo F, Bhandarkar ND, Haidar YM, Tjoa T, et al. Predictors of
Short-term Morbidity and Mortality in Open Anterior Skull Base Surgery. The Laryngoscope.
2019;129(6):1407-12. [PubMed: 30325512]

Rutledge JW, Spencer H, Moreno MA. Predictors for Perioperative Outcomes following

Total Laryngectomy: A University HealthSystem Consortium Discharge Database Study.
Otolaryngology--head and neck surgery : official journal of American Academy of
Otolaryngology-Head and Neck Surgery. 2014;151(1):81-6. [PubMed: 24690762]

Reid BC, Alberg AJ, Klassen AC, Koch WM, Samet JM. The American Society of
Anesthesiologists’ class as a comorbidity index in a cohort of head and neck cancer surgical
patients. Head & neck. 2001;23(11):985-94. [PubMed: 11754504]

Abt NB, Richmon JD, Koch WM, Eisele DW, Agrawal N. Assessment of the Predictive

Value of the Modified Frailty Index for Clavien-Dindo Grade IV Critical Care Complications

in Major Head and Neck Cancer Operations. JAMA otolaryngology-- head & neck surgery.
2016;142(7):658-64. [PubMed: 27258927]

Protiére C, Viens P, Rousseau F, Moatti JP. Prescribers’ attitudes toward elderly breast cancer
patients. Discrimination or empathy? Critical reviews in oncology/hematology. 2010;75(2):138—
50. [PubMed: 19854059]

Wong J, Xu B, Yeung HN, Roeland EJ, Martinez ME, Le QT, et al. Age disparity in

palliative radiation therapy among patients with advanced cancer. International journal of radiation
oncology, biology, physics. 2014;90(1):224-30.

J Clin Neurosci. Author manuscript; available in PMC 2022 September 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Goshtasbi et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 9

Bhattacharyya N, Fried MP. Benchmarks for mortality, morbidity, and length of stay for head and
neck surgical procedures. Archives of otolaryngology--head & neck surgery. 2001;127(2):127-32.
[PubMed: 11177028]

Ryan MW, Hochman M. Length of stay after free flap reconstruction of the head and neck. The
Laryngoscope. 2000;110(2 Pt 1):210-6. [PubMed: 10680918]

Seib CD, Rochefort H, Chomsky-Higgins K, Gosnell JE, Suh I, Shen WT, et al. Association of
Patient Frailty With Increased Morbidity After Common Ambulatory General Surgery Operations.
JAMA surgery. 2018;153(2):160-8. [PubMed: 29049457]

Fox CS, Larson MG, Leip EP, Culleton B, Wilson PW, Levy D. Predictors of new-onset kidney
disease in a community-based population. Jama. 2004;291(7):844-50. [PubMed: 14970063]
Lee S, Lee S, Harada K, Bae S, Makizako H, Doi T, et al. Relationship between chronic kidney
disease with diabetes or hypertension and frailty in community-dwelling Japanese older adults.
Geriatrics & gerontology international. 2017;17(10):1527-33. [PubMed: 27670391]

Hirsch C, Anderson ML, Newman A, Kop W, Jackson S, Gottdiener J, et al. The association of
race with frailty: the cardiovascular health study. Annals of epidemiology. 2006;16(7):545-53.
[PubMed: 16388967]

Blaum CS, Xue QL, Michelon E, Semba RD, Fried LP. The association between obesity and
the frailty syndrome in older women: the Women’s Health and Aging Studies. Journal of the
American Geriatrics Society. 2005;53(6):927-34. [PubMed: 15935013]

Vermillion SA, Hsu FC, Dorrell RD, Shen P, Clark CJ. Modified frailty index predicts
postoperative outcomes in older gastrointestinal cancer patients. Journal of surgical oncology.
2017;115(8):997-1003. [PubMed: 28437582]

Cawthon PM, Marshall LM, Michael Y, Dam TT, Ensrud KE, Barrett-Connor E, et al. Frailty
in older men: prevalence, progression, and relationship with mortality. Journal of the American
Geriatrics Society. 2007;55(8):1216-23. [PubMed: 17661960]

Oresanya LB, Lyons WL, Finlayson E. Preoperative assessment of the older patient: a narrative
review. Jama. 2014;311(20):2110-20. [PubMed: 24867014]

J Clin Neurosci. Author manuscript; available in PMC 2022 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Goshtasbi et al.

Table 1.

Page 10

Comparison of patient outcomes between intradural resection of anterior, middle, and posterior skull base
lesions. Values in parentheses reflect percentages.

Variables ACF resection (n=123) | MCF resection (n=265) | PCF resection (n=313) | p-value
Age, yr 56.3+14.2 51.4+14.9 50.5 + 14.6 0.001 2
Operation Time, min 338.2+170.8 385.6 + 189.4 419.1+193.4 <0001 7
LOS, days 6.6+5.8 6.4+6.0 6.2+5.8 0.861
Reoperation 13 (10.6) 28 (10.6) 34 (10.9) 0.992
Readmission 18/99 (18.2) 22/212 (10.4) 27/244 (11.1) 0.108
Surgical Complications 20 (16.3) 37 (14.0) 18 (5.8) <0001 ¢
Medical Complications 19 (15.4) 40 (15.1) 39 (12.5) 0.578
Mortality 1(0.8) 4(15) 3(1.0) 0.768
DNHF* 23/110 (20.9) 42/231 (18.2) 47/279 (16.8) 0.643

mFI = modified frailty index, ACF = anterior cranial fossa, MCF = middle cranial fossa, PCF = middle cranial fossa, DNHF = discharge to

non-home facility

aACF cases were associated with older ages than MCF (p=0.007) or PCF (p=0.001) cases.

bACF cases were associated with shorter operation times than MCF (p=0.05) or PCF (p<0.001).

c . . . -
PCF cases were associated with fewer surgical complications than MCF (p=0.004) or ACF (p<0.001) cases.

*
Variable contains missing values, so the % represent the corrected denominator of the available values.
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Prevalence of 5-item mFI patient categories as well as the individual clinical components that make up this

Table 2.

index. Values in parentheses reflect percentages.

mFI Subgroups (cohort n=701)

mFI1 Clinical Components (cohort n=701)

Chronic hypertension 260 (37.1)
mFI: 0 403 (57.5)

Diabetes mellitus 84 (12.0)
mFl: 1 224 (32.0) Dependent functional status 18 (2.6)
mFl: 2 72 (10.3) Chronic obstructive pulmonary disease 11 (1.6)
mFl: 3 2(0.3) Congestive heart failure 1(0.1)

No patients with mFI 4 or 5 existed in this database.
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Comparison of baseline presentation and surgical outcomes between patients with mFI1=0 and those with

Table 3.

mFI=1-3.

Variables mFI =0 (n=403) | mFI =1-3 (n=298) | P-value
Gender: Female 242 (60.0) 170 (57.0) 0.425
Race: Non-white ™ 52/346 (15.0) 57/268 (21.3) 0.011
Age 46.8+14.3 58.7 +12.3 <0.001
BMI 28.1+59 31474 <0.001
More recent operation (2014-17) 237 (58.8) 167 (56.0) 0.463
Non-elective surgery * 52/361 (14.4) 45/264 (17.0) 0.368
ASA: High 186 (46.2) 224 (75.2) <0.001
Length of operation, minutes 396.9 +187.0 385.9+194.3 0.452
Reoperation 35(8.7) 40 (13.4) 0.045
Readmission 40/316 (12.7) 27/238 (11.3) 0.639
Surgical complication 34 (8.4) 41 (13.8) 0.024
Medical complication 37 (9.2) 61 (20.5) <0.001
Mortality 3(0.7) 5(1.7) 0.250
Length of hospitalization, days 56+5.0 73+6.8 0.003
LOS >10 days 44 (10.9) 62 (20.8) <0.001
Disposition: DNHF * 48/362 (13.3) 64/258 (24.8) <0.001

*
Variable contains missing values, so the % represent the corrected denominator of the available values.
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Table 4.

Multivariate regression of surgical outcomes according to mFI in skull base surgery patients while adjusting
for the confounding effects of age, sex, race, BMI, ASA score, surgical site, and operation time.
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Binary mFI (0, 1) Continuous mFI
Variables
Coefficient (95% CI) | P-value | Coefficient (95% CI) | P-value
Reoperation * 1.372 (0.911-2.058) 0.127 1.226 (0.677-2.231) 0.501
Readmission ™ 0.764 (0.477-1.196) 0.250 0.710 (0.376-1.327) 0.285
Surgical complication * 1.607 (1.029-2.511) 0.036 1.972 (1.026-3.864) 0.043
Medical complication * 1.586 (1.114-2.265) 0.011 1.887 (1.140-3.161) 0.015
Length of hospitalization, days” | 1994 (0.735-3.252) 0002 | 1.202(-0.489-3.074) | 0.156
LOS =10 days * 1.957 (1.370-2.814) <0.001 2.012 (1.178-3.483) 0.011
Disposition: DNHF * 1.205 (0.848-1.706) 0.296 1.272 (0.769-2.108) 0.349

mFI1: Modified Frailty Index; DNHF: Discharge to Non-Home Facility; LOS: Length of Stay

*
Analyzed via logistic regression with resulting Odds ratio

fAnaIyzed via linear regression with resulting beta coefficient
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Comparison of baseline presentation and surgical outcomes between patients with mFI1=0-1 and those with

mFI=2-3.

Variables mFI =0-1(627) | mFI=2-3(74) | P-value
Gender: Female 372 (59.3) 40 (54.1) 0.383
Race: Non-white * 88/543 (16.2) 21/71 (29.6) 0.009
Age 50.9+14.8 60.0+11.4 <0.001
BMI 29.0+6.4 33.3+8.7 <0.001
More recent operation (2014-17) 365 (58.2) 39 (52.7) 0.364
Non-elective surgery 85 (13.6) 12 (16.2) 0.415
ASA: High 343 (54.7) 68 (91.9) <0.001
Length of operation, minutes 391.0 +£ 186.3 402.1£221.0 0.635
Reoperation 62 (9.9) 13 (17.6) 0.043
Readmission ™ 61/497 (12.3) 6/57 (10.5) 0.702
Surgical complication 63 (10.0) 12 (16.2) 0.104
Medical complication 77 (12.3) 21 (28.4) <0.001
Mortality 6 (1.0) 2(2.7) 0.181
Length of hospitalization, days 63+7.1 10.2+12.6 0.010
LOS >10 days 81 (12.9) 25 (33.8) <0.001
Disposition: DNHF * 95/558 (17.0) 17/62 (27.4) 0.044

*
Contain missing values, so the % represent the corrected denominator of the available values.
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