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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
Nicholas B. Abt, BS; Jeremy D. Richmon, MD; Wayne M. Koch, MD; David W. Eisele, MD; Nishant Agrawal, MD

IMPORTANCE Functional status and physiologic deficits independent of age are being
recognized for surgical risk stratification. Frailty is expressed as a combination of decreased
physiologic reserve and multisystem impairments distinct from normal aging processes.

OBJECTIVE To assess the predictive value of the Modified Frailty Index (mFI) for
Clavien-Dindo grade IV (CDIV) (intensive care unit–level complications) and grade V
(mortality) after major head and neck oncologic surgery.

DESIGN, SETTING, AND PARTICIPANTS Retrospective analysis of prospectively collected
American College of Surgeons National Surgical Quality Improvement Program data. All major
head and neck cancer operations data were obtained from the January 1, 2006, to December
31, 2013, American College of Surgeons National Surgical Quality Improvement Program
databases. Fifteen variables composed a previously validated mFI, with higher mFIs
identifying more frail patients. Clavien-Dindo grade IV and mortality were defined using a
preexisting mapping scheme from the Canadian Study of Health and Aging. Multivariable
logistic regression analyses were performed.

MAIN OUTCOMES AND MEASURES The primary outcome measures were Clavien-Dindo Grade
IV critical care complications and Grade V complications (mortality). Second outcomes
included morbidity, readmission, and reoperation.

RESULTS There were 1193 major head and neck operations in the American College of
Surgeons National Surgical Quality Improvement Program databases, with 86 (7.2%) CDIV
complications. The mean (SD) age of all patients was 63.4 (12.4) years, and 67.7% (807 of
1193) were male. Clavien-Dindo grade IV significantly increased from 4.6% (22 of 483) to
100% (1 of 1) from nonfrail to the frailest patients (R2 = 0.79, P < .001). Mortality increased
with the mFI (but not significantly) from 0.8% (4 of 483) to 3.6% (2 of 55) (R2 = 0.46,
P = .42). Overall morbidity was not significantly associated or correlated with the mFI. On
cross tabulation, increases in the mFI led to more CDIV complications in patients undergoing
glossectomy (P = .03), mandibulectomy (P = .02), or laryngectomy (P = .002). Patients
undergoing pharyngectomy or esophagectomy did not have significant increases in CDIV
complications by the mFI. The coefficients of determination for each category were R2 = 0.62
for glossectomy, R2 = 0.72 for mandibulectomy, R2 = 0.97 for laryngectomy, R2 = 0.94 for
pharyngectomy, and R2 = 1.00 for esophagectomy. On multivariable analysis, the mFI was
associated with CDIV complications (odds ratio, 1.65; 95% CI, 1.15-2.37) but not mortality
(odds ratio, 0.78; 95% CI, 0.34-1.76).

CONCLUSIONS AND RELEVANCE The mFI is predictive of postoperative critical care support
after surgery for head and neck cancer. Specifically, increases in mFIs were strongly
associated with CDIV complications for glossectomy, mandibulectomy, and laryngectomy.
Classifying patients by their functional status using the mFI may help predict outcomes after
head and neck oncologic surgery.
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I n 2013, more than 42 000 new patients were diagnosed as
having head and neck cancers.1 Many of these patients had
comorbidities that significantly altered postoperative care

and outcomes. Increasing age has been a main focus of previ-
ous surgical outcomes research; however, functional status and
physiologic deficits independent of age are being recognized
as more important for stratifying surgical risk.2 The Eastern
Cooperative Oncology Group performance status score dem-
onstrates this phenomenon as an independent predictor of
overall survival3 and unexpected mortality in patients with ad-
vanced-stage head and neck squamous cell carcinoma treated
with chemoradiotherapy.4

Frailty is expressed as a combination of decreased physi-
ologic reserve and multisystem impairments distinct from nor-
mal aging processes.5 Two different models have quantified
frailty, namely, the physical phenotypic6 and cumulative
deficit7 models. The physical phenotypic model is originally
described as including unintentional weight loss, subjective
exhaustion, low grip strength as a proxy for weakness, re-
duced walking speed, and low physical activity levels.6 The cu-
mulative deficit model is a comprehensive geriatric assess-
ment based on an assumption that additive comorbidity effects
produce an overall functional decline.7 The assessment is
strictly objective, with true or false answers. The cumulative
deficit model is more widely used owing to the data collec-
tion method and assessment.

The Modified Frailty Index (mFI) is a derivative of the
Canadian Study of Health and Aging Frailty Index (CSHA-FI),
which was created using the cumulative deficit model.8 The
mFI has been validated in various surgical fields,9-15 includ-
ing otolaryngology. Adams et al16 studied the mFI as a predic-
tor of severe complications and mortality. However, their study
combined all otolaryngology procedures, a heterogeneous
surgical population ranging from tonsillectomy to total thy-
roidectomy, without indicating if major operations were in-
cluded. To our knowledge, the mFI has not been used to fo-
cus on major head and neck cancer surgery, the population at
greatest risk for intensive care unit (ICU)–level complications
or mortality.17 Therefore, the objective of this study was to as-
sess the predictive value of the mFI for Clavien-Dindo grade
IV (CDIV) (ICU-level complications) and grade V (mortality)
after major head and neck oncologic surgery.

Methods
Data Source and Patients
Data from all major head and neck cancer operations were ob-
tained from the January 1, 2006, to December 31, 2013, Ameri-
can College of Surgeons National Surgical Quality Improve-
ment Program (ACS-NSQIP) databases using Current Procedural
Terminology coding (eTable in the Supplement). Exclusion cri-
teria included age younger than 18 years and primary sur-
geons who were not otolaryngologists. The ACS-NSQIP is a
nationally validated, risk-adjusted, prospectively collected
database with more than 350 participating academic and non-
academic hospitals. A trained surgical clinical reviewer col-
lects all data prospectively, and a surgeon champion super-

vises program implementation and ensures data reliability.
The Johns Hopkins Institutional Review Board approved the
ACS-NSQIP data use and analysis. All data were collected
according to the ACS-NSQIP data use agreement as a quality
assurance endeavor, with only deidentified data received.

Modified Frailty Index
Saxton and Velanovich18 created the mFI by matching 11 CSHA-FI
variables to 15 ACS-NSQIP variables. The original CSHA-FI has
70 variables, but previous data have demonstrated validity for
as few as 10 variables.19 The ACS-NSQIP variables that consti-
tute the 11 mFI variables are history of diabetes mellitus, func-
tional status index of at least 2, history of chronic obstructive
pulmonary disease or pneumonia, history of congestive heart
failure, history of myocardial infarction, history of hyperten-
sion requiring medication, history of peripheral vascular dis-
ease or ischemic rest pain, history of impaired sensorium, his-
tory of transient ischemic attack or cerebrovascular accident,
history of cerebrovascular accident with neurologic deficit, and
history of percutaneous coronary intervention, stenting, or an-
gina. A functional status refers to a patient’s independent abil-
ity to perform activities of daily living (ADLs) 30 days before sur-
gery, including but not limited to eating, dressing, bathing,
toileting, and ambulating. Functional status index of 1 indi-
cates ADL independence, while an index of 2 signifies partial
dependence on another individual for ADLs. A functional
status index of 3 denotes total dependence.

The mFIs were calculated by dividing the number of vari-
ables each patient was positive for by the total number of vari-
ables (n = 11). For example, if a patient had a history of chronic
obstructive pulmonary disease, congestive heart failure, and
percutaneous coronary intervention, he or she received a score
of 0.27 (3 of 11). All patients without any of the above factors
were scored as 0.

Variables
The primary outcomes were CDIV and grade V (mortality) com-
plications. The CDIV complications included unplanned intu-
bations, pulmonary embolism, failure to wean off the venti-
lator more than 48 hours after surgery, acute renal failure,

Key Points
Question Does the Modified Frailty Index (mFI) predict intensive
care unit–level complications after major head and neck oncologic
surgery?

Findings In an analysis of prospectively collected American
College of Surgeons National Surgical Quality Improvement
Program data, the mFI was predictive of postoperative critical care
support and in-hospital reoperation after surgery for head and
neck cancer, with a strong correlation for glossectomy,
mandibulectomy, and laryngectomy.

Meaning Classifying patients by their functional status through
the mFI rather than on strict pathoanatomic comorbidities is
important to predict postoperative outcomes in head and neck
cancer.
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cardiac arrest requiring initiation of cardiopulmonary resus-
citation, acute myocardial infarction, and severe sepsis or sep-
tic shock. Unplanned intubations required placement of an en-
dotracheal tube or other similar breathing tube (laryngeal mask
airway, nasotracheal tube, etc) and ventilator support during
surgery or within 30 days after surgery that was not intended
or planned. Indications for unplanned intubations included re-
fractory hypotension, cardiac arrest, and inability to protect
the airway. Acute renal failure was defined as a patient who
did not require dialysis before surgery but had worsening re-
nal function requiring hemodialysis, peritoneal dialysis, he-
mofiltration, hemodiafiltration, or ultrafiltration. Sepsis is
considered severe if associated with organ or circulatory dys-
function. Documentation of clinical signs and symptoms of sys-
temic inflammatory response syndrome or sepsis and organ
or circulatory dysfunction was required. Organ dysfunction in-
cluded but was not limited to oliguria, acute change in men-
tal status, and acute respiratory distress. Circulatory dysfunc-
tion encompassed hypotension or requirement for inotropic
or vasopressor agents.

Additional outcomes included unplanned reoperation, un-
planned readmission, or any other complication, which was
grouped as “morbidity.” Morbidity was defined as an aggre-
gate of all available recorded 30-day postoperative negative
outcomes, which included superficial and deep wound infec-
tion, organ space infection, wound dehiscence, pneumonia,
unplanned intubation, pulmonary embolism, ventilation re-
quirement for more than 48 hours, progressive renal insuffi-
ciency, acute renal failure, urinary tract infection, stroke or
cerebrovascular accident, myocardial infarction, cardiac ar-
rest requiring cardiopulmonary resuscitation, transfusion of
more than 1 U of packed red blood cells up to 72 hours after
surgery, graft or prosthesis failure, deep vein thrombosis or
thrombophlebitis requiring anticoagulation, sepsis, and sep-
tic shock. All readmissions and reoperations were unplanned
and occurred within 30 days.

Multivariable logistic regression analysis was performed
in a standard stepwise approach, with inclusion of significant
variables (P < .05) after univariable regression. Independent
variables included for adjustment during multivariable analy-
sis were age, sex, body mass index (BMI), smoking status,
American Society of Anesthesiologists’ classification, wound
classification, current wound infection, diabetes mellitus sta-
tus, corticosteroid use for a chronic condition, operative time,
history of previous operation within 30 days of surgery, op-
eration year, and the consumption of more than 2 alcoholic
drinks per day within the past 2 weeks.

The study population was described with general summary
statistics. Group comparisons were made using the t test and
Wilcoxon rank sum test for continuous variables, dependent on
distribution, or the χ2 test for categorical variables, as appro-
priate (Table 1). Major head and neck operation categories were
cross-tabulated using a χ2 analysis (Table 2). The CDIV compli-
cations, mortality, reoperation, readmission, and morbidity were
analyzed in comparison with the mFI using the χ2 test. Results
were graphed (Excel; Microsoft Corporation), with linear regres-
sion trend lines denoting coefficients of determination (R2 val-
ues) (Figure 1, Figure 2, and eFigure in the Supplement). To

estimate the precision of the effect size, 95% CIs were calculated
around R2. Results were considered significant if the observed
P value was less than .05. Statistical analyses were performed
with a software package (Stata, version SE 12; StataCorp LP).

Results
There were 1193 major head and neck operations in the ACS-
NSQIP databases. Major head and neck operations included are
listed in the eTable in the Supplement by their Current Proce-
dural Terminology codes. There were 551 glossectomies, 394
laryngectomies, 191 mandibulectomies, 40 pharyngecto-
mies, and 17 esophagectomies. There were 86 (7.2%) CDIV com-
plications, 14 (1.2%) deaths, 119 (14.2%) unplanned reopera-
tions (in 838 patients undergoing a second operation), and 61
(5.1%) unplanned readmissions.

All preoperative characteristics available in the ACS-
NSQIP databases are listed in Table 1. The mean (SD) age of all
patients was 63.4 (12.4) years, and 67.6% (807 of 1193) were male.
The mean (SD) BMI (calculated as weight in kilograms divided
by height in meters squared) was 26.0 (6.2). Thirty-three per-
cent (394 of 1193) were smokers, 13.5% (94 of 697) had con-
sumed more than 2 alcoholic drinks per day within the past 2
weeks, 4.3% (51 of 1193) used corticosteroids to control a chronic
condition, 14.5% (173 of 1193) had diabetes, and 7.1% (49 of 694)
had been operated on within the past 30 days. The mean (SD)
operative time was 396.8 (240.8) minutes. Preoperative char-
acteristics were similar for age, BMI, sex, race/ethnicity, smok-
ing status, alcohol intake, corticosteroid use, and operative time
at all mFIs. A history of recent surgery increased significantly
with the mFI. The Charlson Comorbidity Index also increased
significantly with the mFI. It increased in a stepwise fashion
from 7.3% (35 of 483) of patients having an index of at least 3
with a 0 mFI to 44.4% (4 of 9) with a 0.36 mFI.

The median mFI was 0.09. As the mFI increased from 0 to
0.55, the percentages of patients in the 6 index categories were
40.5% (483 of 1193), 36.8% (439 of 1193), 17.3% (206 of 1193),
4.6% (55 of 1193), 0.8% (9 of 1193), and 0.1% (1 of 1193), respec-
tively. Patients undergoing esophagectomy had the highest per-
centage of patients with a 0 mFI at 47.1% (8 of 17), with patients
undergoing laryngectomy having the lowest 0 mFI percentage,
at 34.0% (134 of 394). Patients undergoing laryngectomy had
the highest mFIs, above 0.18. Most patients undergoing glos-
sectomy or mandibulectomy had a 0 or 0.09 mFI. Patients un-
dergoing pharyngectomy or esophagectomy had a greater per-
centage within the 0.18 and 0.27 mFI. Procedure groups differed
significantly in patient numbers within each mFI (P = .01). Sig-
nificant increases in the mFI led to more CDIV complications
in patients undergoing glossectomy (P = .03), mandibulectomy
(P = .02), or laryngectomy (P = .002). Patients undergoing phar-
yngectomy or esophagectomy did not have significant increases
in CDIV complications by the mFI. All mFIs are listed in Table 2
for each major head and neck case by category.

There were 86 (7.2%) total CDIV complications, which in-
creased significantly as the mFI increased. Clavien-Dindo grade
IV increased from 4.6% (22 of 483) to 100% (1 of 1) from 0 to
0.55 mFI (P < .001). The R2 for a linear regression trend line
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was 0.79 (95% CI, 0.77-0.81) (P < .001). Mortality also in-
creased with the increase in the mFI but not significantly
(P = .42). Mortality increased from 0.8% (4 of 483) to 3.6% (2
of 55) when mFI increased from 0 to 0.27, with an R2 of 0.46
(95% CI, 0.42-0.50) (P = .42). Overall morbidity was not sig-

nificantly associated on the χ2 test or correlated on linear re-
gression with mFIs. From 0 to 0.36 mFI, overall morbidity
changed from 20.3% (98 of 483) to 22.2% (2 of 9), with an R2

of 0.17 (95% CI, 0.12-0.22) (P = .12). These data are shown
graphically in Figure 1.

Table 1. Preoperative Patient Characteristics for All Major Head and Neck Cancer Operations by the Modified Frailty Index

Variable
All Patients
(N = 1193)

Modified Frailty Index

P Value
0
(n = 483)

0.09
(n = 439)

0.18
(n = 206)

0.27
(n = 55)

0.36
(n = 9)

0.55
(n = 1)

Age, mean (SD), y 63.4 (12.4) 58.5 (12.4) 65.7 (11.5) 67.6 (10.7) 70.2 (10.3) 70.8 (11.8) 82 .09

Body mass index,
mean (SD)a

26.0 (6.2) 25.1 (5.9) 26.3 (6.0) 27.5 (6.9) 25.7 (5.9) 25.1 (4.0) 19.4 (0.0) .05

Male sex, No. (%) 807 (67.6) 333 (68.9) 287 (65.4) 140 (68.0) 39 (70.9) 8 (88.9) 0 .55

Race/ethnicity,
No. (%)

White 837 (70.2) 329 (68.1) 319 (72.7) 137 (66.5) 43 (78.2) 8 (88.9) 1 (100)

.58

African American 109 (9.1) 38 (7.9) 38 (8.7) 28 (13.6) 4 (7.3) 1 (11.1) 0

Latino 172 (14.4) 80 (16.6) 59 (13.4) 26 (12.6) 7 (12.7) 0 0

Asian, American
Indian,
or Native Hawaiian
Pacific Islander

36 (3.0) 20 (4.1) 9 (2.1) 7 (3.4) 0 0 0

Unknown 39 (3.3) 16 (3.3) 14 (3.2) 8 (3.9) 1 (1.8) 0 0

Current smoker,
No. (%)

394 (33.0) 168 (34.8) 151 (34.4) 52 (25.2) 20 (36.4) 3 (33.3) 0 .19

Diabetes status,
No. (%)

None or diet
controlled

1020 (85.5) 483 (100) 419 (95.4) 90 (43.7) 20 (36.4) 7 (77.8) 1 (100)

<.001Type 2 114 (9.6) 0 13 (3.0) 78 (37.9) 22 (40.0) 1 (11.1) 0

Type 1 59 (4.9) 0 7 (1.6) 38 (18.4) 13 (23.6) 1 (11.1) 0

Operative time,
mean (SD), min

396.8 (240.8) 401.0 (250.6) 411.2 (234.8) 370.9 (234.4) 356.1 (219.9) 333.2 (214.2) 138.0 (0.0) .49

Consumption of
>2 alcoholic drinks
per day within the past
2 wk, No./total
No. (%)

94/697 (13.5) 39/281 (13.9) 34/232 (14.7) 17/131 (13.0) 3/43 (7.0) 1/9 (11.1) 0/1 .84

Corticosteroid use for
a chronic condition,
No. (%)

51 (4.3) 15 (3.1) 20 (4.6) 11 (5.3) 4 (7.3) 1 (11.1) 0 .47

Previous operation
within 30 d of surgery,
No./total No. (%)

49/694 (7.1) 19/278 (6.8) 12/232 (5.2) 8/131 (6.1) 7/43 (16.3) 2/9 (22.2) 1/1 (100) <.001

Charlson Comorbidity
Index, No. (%)

0 790 (66.2) 447 (92.5) 329 (74.9) 11 (5.3) 3 (5.5) 0 0

<.001
1 254 (21.3) 0 75 (17.1) 160 (77.7) 18 (32.7) 1 (11.1) 0

2 44 (3.7) 1 (0.2) 2 (0.5) 9 (4.4) 27 (49.1) 4 (44.4) 1 (100)

≥3 105 (8.8) 35 (7.2) 33 (7.5) 26 (12.6) 7 (12.7) 4 (44.4) 0

a Calculated as weight in kilograms divided by height in meters squared.

Table 2. Major Head and Neck Cancer Operations by the Modified Frailty Index

Variable

No. (Row %)

Modified Frailty Indexa

Total0 0.09 0.18 0.27 0.36 0.55
All major head and neck
cancer operations

483 (40.5) 439 (36.8) 206 (17.3) 55 (4.6) 9 (0.8) 1 (0.1) 1193 (100)

Glossectomy 244 (44.3) 209 (37.9) 79 (14.3) 17 (3.1) 2 (0.4) 0 551 (100)

Mandibulectomy 79 (41.4) 74 (38.7) 33 (17.3) 5 (2.6) 0 0 191 (100)

Laryngectomy 134 (34.0) 139 (35.3) 84 (21.3) 29 (7.4) 7 (1.8) 1 (0.3) 394 (100)

Pharyngectomy 18 (45.0) 11 (27.5) 8 (20.0) 3 (7.5) 0 0 40 (100)

Esophagectomy 8 (47.1) 6 (35.3) 2 (11.8) 1 (5.9) 0 0 17 (100)

a P = .01.
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As the primary outcome, CDIV complications were broken
downbyspecificmajorheadandnecksurgerycategory(Figure2).
In general, increases in mFIs were associated with more CDIV
complicationsinpatientsundergoingesophagectomy(R2 of1.00;
95% CI, 1.00-1.00), laryngectomy (R2 of 0.97; 95% CI, 0.97-0.97),
pharyngectomy(R2 of0.94;95%CI,0.93-0.95),mandibulectomy
(R2 of 0.72; 95% CI, 0.69-0.75), or glossectomy (R2 of 0.62; 95%
CI, 0.58-0.65). Significant increases in mFIs led to more CDIV
complications in patients undergoing glossectomy, mandibulec-
tomy, or laryngectomy. Patients undergoing pharyngectomy or
esophagectomy did not have significant increases in CDIV
complications linked to the mFI scores.

There were 119 (14.2%) reoperations (in 838 patients under-
going a second operation) and 61 (5.1%) readmissions within 30
days(eFigureintheSupplement).ThemFImoderatelycorrelated

withreoperation(R2 = 0.63)butnotreadmission(R2 = 0.31).How-
ever, on multivariable analysis, mFIs were not independent
predictors of reoperation (P = .62) or readmission (P = .96).

In a multivariable logistic regression model, the mFI be-
came the strongest predictor of CDIV complications (odds ra-
tio [OR], 1.65; 95% CI, 1.15-2.37) (Table 3). Using the same model
comparing higher mFIs with an mFI of 0 demonstrated the fol-
lowing odds: 0.09 mFI (OR, 1.34; 95% CI, 0.56-3.17), 0.18 mFI
(OR, 2.37; 95% CI, 0.83-6.76), and 0.27 mFI (OR, 6.11; 95% CI,
1.66-22.42). Unplanned reoperation (OR, 1.87; 95% CI, 1.23-
2.86) and overall morbidity (OR, 1.30; 95% CI, 1.02-1.65) were
associated with mFIs. Neither unplanned readmission (OR, 1.15;
95% CI, 0.52-2.55) nor mortality (OR, 0.78; 95% CI, 0.34-1.76)
was associated with mFIs.

Fourteen (1.2%) patients died. There were no deaths among
patients undergoing pharyngectomy or esophagectomy. Three
patients undergoing mandibulectomy, 3 patients undergoing
laryngectomy, and 8 patients undergoing glossectomy died.
For mandibulectomy deaths, one had an mFI of 0, while the
other 2 had mFIs of 0.09. The 3 laryngectomy deaths had
mFIs of 0.09, 0.18, and 0.27. Of 8 glossectomy deaths, 3 died
at 0 mFI, 4 died at 0.09 mFI, and 1 died at 0.27 mFI.

Discussion
Our study demonstrated that the mFI is significantly associ-
ated with CDIV complications after head and neck oncology
operations. When procedures were stratified, higher mFIs were
strongly associated with CDIV complications for all proce-
dures. Patients undergoing pharyngectomy or esophagec-
tomy had increasing rates of CDIV complications with increas-
ing mFIs, but they were not significant, which was most likely
owing to statistical power, with 40 pharyngectomy cases and
17 esophagectomy cases. The coefficients of determination (R2

values) all exceeded 0.60 for each procedure, indicating that
the mFI is strongly correlative of postoperative ICU-level com-
plications. Laryngectomy, pharyngectomy, and esophagec-
tomy were strongly correlative, with R2 exceeding 0.93, which
leads us to conclude that the mFI is an accurate predictor of
CDIV complications for all major head and neck cancer opera-
tions. The strongest predictor of CDIV complications was the
mFI, with increasing operative time being the only other sig-
nificant predictor. For every incremental increase in the mFI,
there was a 68.0% greater risk of CDIV complications. More
than 5% (65 of 1193) of our cohort had mFIs exceeding 0.27,
indicating that they had a 200.0% increased risk of an ICU-
level complication before undergoing surgery. The mFI was
more predictive than either age or American Society of Anes-
thesiologists’ classification, factors previously found to in-
crease postoperative complications.20,21 In addition, the mFI
was associated with unplanned reoperation and overall mor-
bidity but not with unplanned readmissions or mortality. The
strong correlation with reoperation (R2 = 0.63) but not read-
mission (R2 = 0.31) indicates that these patients were most
likely reoperated on during their initial hospital admission.
These data are important to the practicing surgeon to know
which patients are at high risk of needing ICU care. Using a rap-

Figure 1. Clavien-Dindo Grade IV Complications, Mortality, and Overall
Surgical and Medical Morbidity for All Major Head and Neck Cancer
Operations by the Modified Frailty Index

35

30

25

20

15

10

5

0.09 0.18 0.27 0.36

0

0 0.55

Pa
tie

nt
s,

 %

Modified Frailty Index

CDIV complications Mortality Morbidity

CDIV indicates Clavien-Dindo grade IV.

Figure 2. Clavien-Dindo Grade IV Complications for Major Head and Neck
Cancer Operation Categories by the Modified Frailty Index
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idly calculable preoperative mFI could allow teams to ensure
that ICU beds are available if needed, a widely varying insti-
tutionally dependent practice.

Increasing mortality was associated with higher mFIs, with
linear regression demonstrating an R2 of 0.46, indicating mod-
erate correlation. Because our patient cohort had only 14 deaths
and a small sample, the precision of the estimate of correlation
was wide, suggesting an inability to draw definitive conclu-
sions from the point estimate of 0.46. With more years of the
ACS-NSQIP data, we predict that mortality will be associated
with the mFI, as was found by Adams et al.16 However, they did
not separate CDIV complications from mortality; therefore, it
is not possible to ascertain if the mFI is predictive of CDIV alone,
mortality alone, or both. In addition, they studied a heteroge-
neous mixture of all otolaryngology procedures, with the most
common being total thyroidectomy, cervical lymphadenec-
tomy, total thyroid lobectomy, parotid tumor excision, and par-
tial thyroid lobectomy. We excluded these procedures and fo-
cused on what the literature has defined as major operations.

Other indexes, including the Kaplan-Feinstein Comorbidity
Index,22 Charlson Comorbidity Index,23-25 and Adult Comorbid-
ity Evaluation 27 index,25,26 have shown decreased survival rates
andincreasedcomplicationswithhigherindexesinheadandneck
oncology cases. The mFI would be especially useful in head and
neck oncology owing to its emphasis on functional status, which
ismorecomplicatedthansimplyaddingupcomorbidities.Moving
forward, our research demonstrates that functional descriptions
ofillnessshouldbeemphasizedoverstrictpathoanatomicdescrip-
tions of disease. With frailty being more predictive of postopera-
tive complications than age itself, focusing on a patient’s health
status rather than age can help reduce age discrimination.27,28

There are several limitations to this study, most stemming
from the retrospective analysis of prospectively collected ACS-
NSQIP data. While only 30-day outcomes can be assessed and
no conclusions can be drawn after 30 days, most CDIV compli-
cations occur within this window before discharge. The ACS-
NSQIP has defined preoperative comorbidity variables, as out-
lined in the Variables subsection of the Methods section, and the
mFI was applied to those data. Fifteen ACS-NSQIP variables were
matched to 11 CSHA-FI variables, with previous literature dem-
onstrating that the CSHA-FI can be modified to as few as 10
variables.19 The mFI is based on the cumulative deficit model,
and comparisons with a physical frailty phenotype are not pos-
sible owing to the absence of unintentional weight loss, subjec-
tive exhaustion, low grip strength, reduced walking speed, and
low physical activity levels as ACS-NSQIP variables. Finally, di-
rect retrospective comparison with the Kaplan-Feinstein Comor-
bidity Index, Charlson Comorbidity Index, and Adult Comorbid-
ity Evaluation 27 is not possible owing to underrepresentation
of their variables in the ACS-NSQIP. Direct comparisons between
comorbidity indexes and frailty are needed in the head and neck
oncology literature.

Ascertaining surgical candidacy is a complex and crucial step
in treating patients with head and neck cancer. Variables like tu-
mor factors, patient parameters, and clinical judgment yield the
recommendation on which patients base their treatment deci-
sions.However,clinical judgmentissubjective,pronetobias,and
poorly replicable between surgeons. Using a data-driven index
emphasizing functional status to predict complications and mor-
tality allows the patient to make a more informed decision.

Conclusions
We demonstrated that the mFI is predictive of postoperative
critical care support and in-hospital reoperation after major sur-
gery for head and neck cancer. Specifically, higher mFIs were
strongly associated with CDIV complications for glossec-
tomy, mandibulectomy, and laryngectomy. Because of the se-
verity of ICU-level complications, understanding their risk be-
fore a patient undergoes surgery is imperative. Risk knowledge
can improve patient care by making informed consent more
data driven and transparent and can ensure that appropriate
resources are available after surgery.
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Table 3. Multivariable Regression Model of Clavien-Dindo
Grade IV Complications

Variable Odds Ratio (95% CI) P Value
Modified Frailty Index 1.65 (1.15-2.37) .007
Age 1.02 (0.99-1.06) .18
Male sex 1.08 (0.53-2.21) .84
Body mass index 0.94 (0.88-1.00) .06
Current smoker 0.79 (0.36-1.73) .56
ASA classification

1 1 [Reference] NA
2 0.05 (0.00-1.53) .09
3 0.08 (0.00-2.12) .13
4 0.10 (0.00-2.66) .17

Current wound infection 1.65 (0.48-5.68) .43
Wound classification

1 1 [Reference] NA
2 0.74 (0.20-2.76) .65
3 1.62 (0.20-13.15) .65
4 1 NA

Alcohol consumption 0.79 (0.28-2.26) .66
Corticosteroid use 1.33 (0.28-6.43) .72
Diabetes status

None or diet controlled 1 [Reference] NA
Type 2 0.22 (0.04-1.06) .06
Type 1 1.82 (0.58-5.65) .31

Operative timea 1.003 (1.002-1.004) <.001
Operation year 0.99 (0.77-1.27) .92

Abbreviations: ASA, American Society of Anesthesiologists; NA, not applicable.
a Odds per minute.
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