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Abstract. The aim of the present study was to determine 
the association between preoperative frailty and the onset 
of surgical complications in patients diagnosed with 
massive non-melanoma skin cancer subjected to plastic 
and reconstructive surgery. A retrospective analysis was 
performed on a cohort of 587 patients with non-melanoma 
skin cancer, selected on the basis of specific inclusion 
criteria, who were subjected to plastic and reconstructive 
surgery between 2005 and 2014. Frailty was scored using 
the FRAIL index, whereas postoperative complications 
were classified according to Clavien-Dindo criteria. By 
binary logistic regression, the odds and probabilities of 
complications were calculated as a function of increasing 
values of the FRAIL index. Two different logistic models were 
created, comparing absent/mild (Clavien grades 1st and 2nd) 
vs. moderate/severe complications or mortality (Clavien grades 
3rd-5th; model A), or absent/mild/moderate complications 
(Clavien grades 1st-3rd) vs. severe complications or mortality 
(Clavien grades 4th and 5th; model B). The FRAIL index was 
an accurate predictor of surgical complications or mortality, 
with significant odds ratios and goodness of fit. In model A, 
FRAIL scores 4 and 5 were the most critical predictors 
of moderate/severe complications or mortality (37 and 

94% probability, 0.6 and 17.3 odds, respectively), compared 
to score 3 (2% probability, 0.02 odds) or lower. In model B, 
FRAIL score 5 was the most critical predictor of severe 
complications or mortality, as it was associated with a 74.6% 
probability and 2.93 odds for these events. In conclusion, 
increasing FRAIL scores were associated with worsening 
surgical outcomes for patients with non-melanoma skin 
cancer undergoing plastic/reconstructive surgery. A low rate 
of surgical complications was observed in pre-frail and frail 
patients up to FRAIL score 3.

Introduction

The European population is progressively aging, due to 
increased life expectancies and decreased birth rates, caused 
by the phenomenon known as ‘demographic transition’. The 
lengthening of life has re-shaped the understanding and clas-
sification of the elderly population. Hence, ‘elders’ (65 years 
or older) are distinguished from ‘great elders’ (80 years 
or older). At 80 years of age, average life expectancy for 
women is about 10 and 8 years for men. According to the 
European Commission, it is predicted that by year 2020 a 
quarter of the European population will be 60 years or older 
(https://ec.europa.eu/research/social-sciences/pdf/policy_
reviews/kina26426enc.pdf).

As with many types of cancer, the prevalence of 
non-melanoma skin cancer increases with age, and about 50% 
of cases are diagnosed in individuals older than 65 years (1). A 
2012 survey showed that, in continental Europe, Switzerland 
and Italy showed the highest incidence rates at approximately 
70-100,000 person-year (2). A diagnosis of cancer in older 
individuals should be managed with curative intent despite 
advanced age, though targeted interventions should be initi-
ated after considering age-related comorbidities and any 
other element-including frailty-which may contraindicate 
conventional surgery or even adjuvant treatments.

Patient frailty has been a field of increasing study in the last 
two decades. Such interest has been fostered by the increased 
rate of surgical indications for older individuals. Although 
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much research has been devoted to this subject, no universal 
agreement has been reached concerning the criteria used for 
describing frailty. Nevertheless, there is agreement regarding 
the general definition of frailty as an age‑dependent biological 
status characterized by reduced stress resistance, secondary to 
the cumulative decline of various physiological systems and 
related to comorbidity, disability, risk of institutionalization 
and mortality.

Several validated diagnostic tools are available to classify 
and to measure increasing frailty (3-5).

The concept of frailty in elderly individuals has been 
associated with surgery-related adverse events. Several studies 
have recently correlated preoperative frailty with poor surgical 
results or with the occurrence of complications and adverse 
events during or after surgery (6-8). Systematic review of 
the literature performed in year 2016 indicates that frailty 
in surgical patients can predict post-operative mortality, 
complications, and prolonged hospitalization (9). Notably, this 
association was shown to be consistent across different frailty 
instruments and regardless of the type of surgery performed. 
Such association has also been thoroughly investigated in the 
frame of a study involving a population of about a million 
patients who underwent surgical operations of various special-
ties. It was shown that a modified, 11-item version of the 
Canadian Study of Health and Aging Frailty Index (CSHA‑FI) 
correlated significantly with both mortality and morbidity 
across all surgical specialties (10).

Despite such impressive collection of recent data focusing 
on many surgical specialties, evidence about the association 
between frailty and surgical complications in the field of 
plastic and reconstructive surgery is still very limited. To 
investigate this association in non-melanoma skin cancer 
patients with indication for various plastic and reconstructive 
surgical procedures, we designed a retrospective analysis on 
a cohort of 587 elderly patients consecutively referring to a 
single Northern-Italian university hospital.

Patients and methods

Patients‑demographics, surgical indications and inclu‑
sion criteria. We conducted a retrospective study involving 
patients of age 65 years or older who referred to the University 
of Insubria/Macchi Foundation Hospital in Varese, Italy, for 
elective plastic surgery for excision of massive non-melanoma 
skin cancers between January 2005 and December 2014 (11).

Participants underwent a standardized preoperative 
interview and frailty assessment by a surgeon. Demographic 
information, a comprehensive medical history and the current 
therapies were obtained during the interview. All patients 
provided written informed consent about the use of their 
anonymous clinical data for research purposes.

Inclusion criteria were an age >65 years, any frailty status, 
and surgical indications for non-melanoma skin cancer exci-
sion, associated with skin grafting or local/distant flap surgery.

Exclusion criteria for the study were a history of limb 
amputation or other severe complications of diabetes, ongoing 
or previous (4 months) therapy with drugs that may act as 
confounders in the evaluation of frailty (e.g., sedatives, opioid 
analgesics, antipsychotics, and chemotherapy) and the lack of 
data concerning frailty or post-surgery complications.

Classification of patients: Frailty and surgical complications. 
The present study was designed to investigate the asso-
ciation between frailty, assessed with the FRAIL score (4) 
adopted as predictor (explanatory variable), and the grade of 
severity of surgical complications, assessed according to the 
Clavien‑Dindo classification (12).

The FRAIL score, validated by Morley and coworkers, is 
based on a phenotypic model including five items contributing 
to increasing patient frailty: Fatigue, Resistance, Ambulation, 
Illnesses, Loss of weight (4). The Frail scale ranges from 0 to 5 
(i.e., one point for each added component, 0=best to 5=worst), 
and indicates a frail (3-5), pre-frail (1-2), or robust (0) health 
status.

The classification system validated by Dindo et al is based 
on a scale including five grades (1st to 5th), indicating increasing 
severity of surgical complications (13). Briefly, first grade 
complications require no treatment or minor drug or physical 
treatment. Second grade complications require a major pharma-
cological intervention or transfusion. Third grade complications 
require surgical or endoscopic interventions, whereas fourth 
grade events are life-threatening and require intensive care 
management. The death of the patient is a fifth‑grade event.

Frailty and surgical complication data were collected up to 
6 months after surgery.

Sample size. The minimum sample size for this study, 
calculated according to Whittemore (14), is 425 (1-β=0.95), 
349 (1-β=0.9), and 267 (1-β=0.8) patients, given a minimum 
acceptable odds-ratio equal to 3.0, α=0.05, and a probability of 
the event at the median value of the covariate (FRAIL score=3) 
equal to 0.02 (two-tailed test). The minimum acceptable 
odds-ratio was estimated conservatively, based on published 
data showing an odds-ratio equal to 4.38 (95% CI: 1.3-14.4), 
for a logistic regression model describing the odds for surgical 
complications according to Clavien-Dindo in reconstructive 
surgery in oncology as function of a frailty index similar to 
the FRAIL score (15).

Statistical analysis. Data were analyzed by co-author GP, 
who was blinded to the identity and clinical condition of 
each patient, and was not involved in data collection or frailty 
assessment.

Statistical analysis was performed using the Rstudio inte-
grated development environment for ‘R’.

In the ‘R’ environment, the stats package was used to 
perform the Kruskal-Wallis test.

Two binary logistic regression models were generated to 
estimate the odds and probability of surgical complications or 
death as function of the FRAIL score predictor. In model A, 
we dichotomized absent/mild complications (Clavien-Dindo 
naught, 1st and 2nd grades) vs. moderate/severe complica-
tions or death (Clavien-Dindo 3rd, 4th and 5th grades). In 
model B, we dichotomized absent/mild/moderate surgical 
complications (Clavien-Dindo naught, 1st, 2nd and 
3rd grades) vs. severe complications or death (Clavien-Dindo 
4th and 5th grades).

The null hypothesis for logistic regression was that 
moderate/severe complications or death (in model A), or severe 
complications or death (in model B) were not significantly 
associated with the predictor.
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Simple binary logistic regression analysis was performed 
using the car, rcompanion, and lmtest packages. The Hosmer 
and Lemeshow goodness‑of‑fit test was performed with the 
Resource Selection package, whereas the Nagelkerke pseudo 
(ψ)-R2 was calculated using the rcompanion package.

For statistical analysis only two-tailed tests were 
performed, 95% confidence intervals were calculated, and the 
conditional probability of a type I error, in the presence of a 
true null hypothesis, was set at <0.05.

Results

From our clinical database, we identified a total of 587 subjects 
who met our inclusion criteria. Patients' age ranged from 65 to 
100 years with a median age of 81 years and an interquartile 
range (IQR) of 12 (mean age: 80.3 years). The median FRAIL 
score of the population was 3, with an IQR of 2. Table I summa-
rizes demographic and clinical baseline data of patients.

To evaluate whether patients with different frailty status 
showed differences in the severity of surgical complica-
tions, we stratified our patient population in 6 groups based 
on the individual score of the FRAIL scale (0 to 5). The 
Kruskal-Wallis test was performed considering the FRAIL 
score as independent variable and the surgical complication 
severity score (Clavien-Dindo 1st to 5th grade) as dependent 
variable. Analysis rejected the null hypothesis that the median 
Clavien-Dindo complication scores of the 6 groups are equal, 
as rank differences in these groups were statistically significant 
(χ2=286.4, P<0.00001).

Table II summarizes the logistic function coefficients of 
models A and B, and the odds ratios. Due to the different 
placement of Clavien-Dindo grade 3 complications, the odds 
ratio (OR) for complications or death at each unit increase 
of the FRAIL score is higher in model B (OR=40.9) than in 
model A (OR=29.2).

Table III shows the significance assessments of both 
models and the goodness‑of‑fit parameters. The Wald test and 
the likelihood ratio test were highly significant (P<0.00001 for 
both tests and for either model), and the pseudo-R2 value and 
Hosmer and Lemeshow test confirmed the goodness‑of‑fit of 
both models. In particular, the Nagelkerke pseudo-R2 in both 
models A and B suggests a strong correlation between frailty 
and surgical complications, and the very high ‘P’ value of 
the Hosmer and Lemeshow test confirms the null hypothesis 
that the number of expected complications-assessed when the 
patient cohort was partitioned into 10 groups of approximately 
similar size‑is not significantly different from the number of 
complications observed in the whole logistic model.

Table IV lists the odds and probabilities of surgical compli-
cations calculated at each level of the FRAIL score predictor. 
In both models evaluated, logistic regression analysis shows 
that increasing FRAIL index scores were associated with 
increasing probabilities and odds for moderate/severe 
complications or death (model A), or severe complications or 
death (model B). Up to a FRAIL score of 3, the probability 
of complications or death is 1.9% in model A and 1.7‰ in 
model B. For the frailest patients (FRAIL score=5) in model A 
the probability for moderate/severe complications or death is 
94.5% and the odds is 17.3, whereas in model B the probability 
for severe complications or death is 74.6% and the odds is 2.9.

Discussion

Research focusing on the association between frailty and 
postoperative morbidity and mortality in various surgical 
subspecialties has gained great momentum in the last few 
years (16-24). The results of our study add to the existing 
evidence that frailty can be an accurate predictor of the prob-
ability and odds of surgical complications or death in patients 
undergoing plastic and reconstructive surgery. These findings 

Table I. Demographics, clinical characteristics and surgical indication of patients, based on their baseline FRAIL score.

FRAIL score, baseline 0 1 2 3 4 5 Total

Total patients 43 71 99 207 137 30 587
Mean age 80.7 80.6 81.6 80.7 78.9 78.6 80.3
Sex       
  Men, (%) 33 (76.7%) 46 (64.7%) 63 (63.4%) 107 (51.7%) 83 (60.5%) 11 (36.6%) 343 (58.4%)
  Women, (%) 10 (33.3%) 25 (35.3%) 36 (36.3%) 100 (48.3%) 54 (39.5%) 19 (63.4%) 244 (41.6%)
Diagnosis       
  Epitheliomas 43 65 99 202 137 30 576
  Non-epitheliomas (cylindroma,  0 6 0 5 0 0 11
  sarcoma, Merkel's cell cancer,        
  fybroxanthoma)       
Indication       
  Simple reconstruction 15 25 26 56 49 11 182
  Medium complexity  28 45 71 148 87 19 398
  reconstruction (skin graft,       
  local flap, artificial skin graft)       
  Complex reconstruction 0 1 2 3 1 0 7
  (microsurgery)       
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are substantiated by the results of logistic regression analysis 
and by the assessment of the goodness‑of‑fit of the logistic 
models therefrom generated.

Our results are congruent with a very recent study by Abt 
and coworkers, performed retrospectively on 266 patients 
who underwent head/neck regional or free flap reconstruc-
tions (15). The Abt study focused mainly on the occurrence 
of Clavien-Dindo grade IV complications based on a 15-item 
modified frailty index. In the Abt study, about 8% of patients 
had Clavien-Dindo 4th grade complications or death, compared 
to 6% in the present study. In the same study, multivariate 
logistic regression analysis showed that frailty was associated 
with Clavien‑Dindo 4th grade complications for all flap proce-
dures, with a significant odds ratio of 4.38 (15). Notably, Abt 
and coworkers demonstrated that frailty is the best predictor 
of surgical complications in flap reconstruction compared to 
other indicators, like for example comorbidity rates. A main 
difference between our plastic surgery study and the Abt study 
is that the latter focused on the odds/probability of onset of 
Clavien-Dindo 4th grade complications alone, whereas in our 
research 4th grade complications were associated in model 
A with grades 3rd and 5th, and in model B with grade 5th 
complications alone. The choice of this dichotomization 
strategy for our study was based on the fact that 3rd grade 
complications comprise conditions showing diverse severity; 
thus, we modeled two different scenarios, as we deemed inter-
esting to explore the association of 3rd grade complications 
with milder or more severe ones. This appears to be common 
practice, since in several studies based on logistic regression, 
Clavien-Dindo grade 3 complications are grouped together 
with higher grade complications (e.g., 6,8).

It is virtually impossible to compare the odds ratios 
resulting from this study with those described in other 
published studies correlating frailty and surgical complica-
tions by logistic regression. This is mainly due to unique study 
characteristics like the nature of the diseases, the wide variety 
of surgical specialties and techniques, the degree of invasive-
ness of the various procedures, the selection of patients, the 
frail scale adopted, the type of logistic regression model, the 
adjustments implemented therein, and the inclusion/exclu-
sion of death as a study endpoint. Nevertheless, our study is 
in full agreement with the general published evidence that a 
pre-surgery frailty status correlates positively with the odds 
for postoperative complications.

In conclusion, in this study we observed a low rate of 
surgical complications in pre-frail and frail patients up to 
FRAIL score 3. Moreover, the FRAIL index validated by 
Morley and coworkers (4) was an accurate predictor of surgical 
complications or death, with significant odds ratios and good-
ness of fit. In model A, FRAIL scores 4 and 5 are the most 
critical predictors of moderate/severe complications or death 
(37 and 94% probability, respectively), compared to score 3 
(2% probability) or lower. In model B, FRAIL score 5 is the 
most critical predictor of severe complications or death, as it 
is associated with a 74.6% probability and 2.93 odds for these 
events.

A possible limitation to the present study is that in our older 
patient population deaths for any cause may confound deaths 
specifically related to surgery or surgical sequelae. A second 
limitation may be represented by the prevalence in elderly 
patients of diagnosed or undiagnosed comorbidities that may 
not directly contribute to the expression of phenotypic frailty 

Table II. Logistic regression models A and B for complications or death as function of preoperative FRAIL score.

 Model A 3rd/4th/5th grade  Model B 4th/5th grade 
Logistic model parameters vs. naught/1st/2nd gradea vs. naught/1st/2nd/3rd gradea

Intercept ± standard error -14.02±1.64, P<0.00001 -17.48±2.15, P<0.00001
Coefficient ± standard error    3.37±0.42, P<0.00001    3.71±0.49, P<0.00001
Odds ratio 29.23 (95% CI: 14.15 to 74.48) 40.92 (95% CI: 16.84 to 116.07)
EL50

b 4.15 4.71

aGrade of Clavien-Dindo surgical complications. bEL50, median effective level, i.e., FRAIL score associated with 50% probability of (i) 
moderate/severe complications or death (model A) or (ii) severe complications or death (model B). CI, confidence interval.

Table III. Predictor significance tests and goodness‑of‑fit parameters of logistic regression models A and B.

 Model A 3rd/4th/5th grade Model B 4th/5th grade
Test vs. naught/1st/2nd gradea vs. naught/1st/2nd/3rd gradea

Wald χ2=65.68, P<0.00001 χ2=57.27, P<0.00001
Likelihood ratio test χ2=244.49, P<0.00001 χ2=141.03, P<0.00001
Hosmer & Lemeshow χ2=0.17, P=0.99 χ2=0.47, P=0.99
Nagelkerke ψR2=0.61 ψR2=0.62

aGrade of Clavien-Dindo surgical complications.
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as assessed with the FRAIL scale, but that may nevertheless 
concur to the onset of surgical complications.

An intrinsic limit to the present clinical study is its 
retrospective design, which restricted our capability in char-
acterizing some aspects of the frail phenotype of included 
patients. Although Morley's FRAIL scale (4) was the best avail-
able tool for extracting frailty data from our clinical database, 
the retrospective design of the study did not allow the assess-
ment of important elements contributing to frailty, such as the 
cognitive fitness and the nutritional status of patients. We plan 
to include these items in future prospective studies. In fact, the 
cognition and nutrition items are part of the Edmonton frailty 
scale, albeit to a limited extent (25). If the Edmonton scale is 
considered insufficient to perform an in‑depth assessment of 
the cognitive and nutritional status of patients, well-established 
tools such as the Mini Mental State Examination (MMSE) (26) 
and the Mini Nutritional Assessment (MNA) (27) question-
naires can be used to complement the Morley FRAIL index or 
the Edmonton scale.
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