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Background: We aim to clarify if frailty affects severe postoperative complications in elective colorectal
surgery.
Methods: Consecutive 269 colorectal cancer patients older than 65 years undergoing curative surgery
were enrolled in this study. The relevance of the frailty and sarcopenia to postoperative outcome was
assessed. Clinical frailty (CF) was defined as clinical frailty scale (CFS)� 4. Sarcopenia was assessed by
measuring skeletal muscle area using computed tomography.
Results: Seventy-eight patients (29%) had CF and 159 patients (59%) had sarcopenia. CF was significantly
associated with older age (P¼ 0.0008), postoperative severe complications (P¼ 0.001), and postoperative
in-hospital stay (P< 0.0001), although sarcopenia was not. Logistic regression analysis revealed that low
anterior resection and CF were independent predictors of severe postoperative complications (P¼ 0.038
and P¼ 0.001, respectively).
Conclusion: CF, but not sarcopenia, is a robust predictor of severe postoperative complications in patients
with colorectal cancer.

© 2018 Published by Elsevier Inc.
Introduction

Frailty is a multidimensional, and heterogeneous syndrome
associated with instability, and thus can be discriminated from
disability or ageing alone.1 Frailty is commonly measured using
summative impairment lists and algorithms based on clinical
judgment.1e4 Since the number of older patients requiring surgical
treatment has been increasing with the development of surgery
and anesthesia, preoperative risk assessments of such treatment for
older patients needs to be properly determined in terms of both
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curative and palliative care, the latter focused on maintaining
quality of life. Frailty has been considered to be of great importance
in predicting surgical outcomes in older patients.4

Sarcopenia, or the loss of muscle mass and coordination asso-
ciatedwith aging is determined by variousmeasures including total
skeletal muscle at the level of the third spine, psoas density, and
rectus femoris using computed tomography (CT), ultrasonography,
and/or magnetic resonance imaging.5e10 Sarcopenia has been
recognized as affecting vulnerability and is considered to reflect the
frailty of patients.11,12 The clinical impact of sarcopenia on post-
operativemorbidity andmortality has been reported, but outcomes
of such investigations depend on both the surgical procedure per-
formed and the method by which sarcopenia is measured.5e10

Colorectal cancer (CRC) is the third most common cancer
worldwide and the fourth most common cause of death.13

Although surgical resection plays a major role in management of
this disease, surgery is not without the serious complications of
morbidity and mortality. In CRC patients, perioperative mortality
ranges from 1% to 12% globally and occurs in <1% patients in
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Japan.14e16 Recently, the postoperative morbidity and mortality
associatedwith CRCwas linked not only with short-term outcomes,
but also with worse long-term outcomes.17,18 Thus, the need to
decrease severe postoperative complications is of great importance,
not only based on the economic ramifications of such an initiative,
but also from a prognostic perspective.

We have prospectively evaluated patients' frailty using a clinical
frailty scale (CFS) to enable the selection of patients requiring
extended perioperative rehabilitation to promote enhanced re-
covery after surgery (ERAS).2 The aim of the current study was to
assess the clinical impact of frailty on postoperative outcomes in
patients with CRC. Since sarcopenia is already recognized as being
predictive of surgical outcomes in patients with CRC,9 we compared
the clinical impact of frailty to that of sarcopenia.

Patients and methods

Patients

This observational study included patients with histologically
confirmed CRC who underwent elective surgery with curative
intent in Saiseikai Kumamoto Hospital between January 2011 and
August 2016. Patients with metastatic disease who underwent
palliative procedures were excluded from the study. All patients
received prophylactic antibiotics prior to induction of anesthesia as
per hospital policy. All patients were cared for in accordance with
the unit standardized ERAS protocol and clinical pathway; this
included the administration of carbohydrate drinks preoperatively,
early mobilization, and early enteral nutrition, with the avoidance
of routine peritoneal and/or nasogastric drainage. On each post-
operative day, patients were clinically assessed and had blood
samples drawn, including for the assessment of serum C-reactive
protein, as a standard procedure until being discharged. Patients'
demographic and disease baseline characteristics, including their
age, gender, height, weight, body mass index (BMI), comorbidities,
and tumor-specific data including tumor location, size, and TNM
staging according to the 2009 American Joint Committee on Cancer
Staging were collected frommedical records. The nutritional status
of patients was also assessed using the prognostic nutritional index
(PNI)19 which was calculated based on the serum albumin con-
centration and peripheral blood total lymphocyte count. The defi-
nitions of postoperative complications were determined by the
Clavien-Dindo classification.20 Grade� III in the Clavien-Dindo
classification system is described as severe complication in this
literature. Written informed consent was obtained from patients
before surgery. This study was approved by the Human Ethics Re-
view Committee of Saiseikai Kumamoto Hospital (Kumamoto,
Japan).

Assessment of the CFS

Frailty was assessed according to CFS, which was based on
clinical judgement.2 Frailty classifications were based on a 1 to 7
numerical scale (and corresponding category description) as fol-
lows: CFS 1 (very fit), indicating patients were robust, active, en-
ergetic, highly-motivated, exercised regularly and exceptionally fit
for their age; CFS 2 (well), without active disease, and less fit than
patients in category CFS 1; CFS 3 (well with treated comorbid dis-
ease), indicating that disease symptoms were well managed
compared with patients in category CFS 4; CFS 4 (apparently
vulnerable), although independent, these people commonly com-
plained of slowing down and/or had symptoms of disease; CFS 5
(mildly frail), patients with limited dependence on others for
instrumental activities of daily living; CFS 6 (moderately frail),
patients needed help with both instrumental and noninstrumental
activities of daily living; CFS 7 (severely frail), completely depen-
dent on others for their activities of daily living, or terminally ill. In
order to validate the utility and accuracy of the criteria, two inde-
pendent observers (HO and OT) separately evaluated the CFS based
on clinical information at admission for surgery. They were blinded
to clinical and pathological data. In this study, the threshold for
determining frailty was a CFS �4.

CT image analysis and sarcopenia

Skeletal muscle area was retrospectively measured on CT im-
ages taken before surgery at the level of the third lumbar vertebra
(L3) in the inferior direction with the patient in a supine position.
Briefly, a three-dimensional image analysis system was employed
to measure pixels using awindowwidth of 30e150 HU to delineate
the muscle compartments and compute the cross-sectional area of
each in centimeters squared (cm2). At the level of L3, the cross-
sectional area of muscle (cm2) computed from each image was
normalized by the square of the height (m2) to obtain the skeletal
muscle index (cm2/m2). All measurements and calculations
described above were performed by two trained examiners (HO
and HT), both of whom were blinded to the surgical outcomes at
the time of quantification. All evaluations were performed inde-
pendently. In this study, we applied the definition of sarcopenia
proposed by Martin et al.21; sarcopenia was defined as a skeletal
muscle index (SMI) ¼ ([skeletal muscle area a L3]/[height]2) of
<43 cm2/m2 in men with a BMI of <25 kg/m2, <53 cm2/m2 in men
with a BMI of �25 kg2/m2, and <41 cm2/m2 in women.

Statistics

Clinical characteristics were compared between groups using a
chi-square analysis for noncontinuous variables and the t-test or
the Wilcoxon test for continuous variables. Logistic regression
analysis was performed by forward analysis including any signifi-
cant parameters in univariate analysis to determine which clinical
factors were associated with severe postoperative complications.
Interobserver agreement for image findings of tumor was deter-
mined by calculating the k coefficient. All P-values are two-sided,
and P< 0.05 was considered statistically significant. All the ana-
lyses were performed using the commercial software (JMP Version
10®, SAS Institute, Cary, NC, USA).

Results

Association of CFS with postoperative outcomes for CRC

In order to objectively evaluate CFS, the interobserver agree-
ment of the images was measured by the kappa statistic. Kappawas
calculated to be 0$69, suggesting that agreement was substantial.
Seventy-eight patients (29.0%) were classified as frail. Frailty was
significantly associated with older age (P< 0.0001), intraoperative
bleeding (P¼ 0.0015), high incidence of both superficial and organ/
space surgical site infection (SSI) (P¼ 0.0376), high incidence of
severe complications (P¼ 0.0010), high hospital charges
(P< 0.0001) and postoperative length of stay (P< 0.0001) (Table 1).
However, frailty showed no significant correlation with BMI, sar-
copenia and PNI.

Association of sarcopenia with postoperative outcomes for CRC

One hundred and fifty-nine patients (59.1%) had sarcopenia.
Sarcopenia was significantly associated with female gender
(P< 0.0001), high age (P¼ 0.0008), and high BMI (P< 0.0001).
However, sarcopenia showed no correlation with postoperative



Table 1
Patient characteristics with or without frailty (n¼ 269).

Clinicopathological factors Frailty (þ) Frailty (�) P-value

(n¼ 78) (n¼ 191

Male 47 (60%) 120 (63%) 0.6938
Agea (years) 80 [65e89] 68 [65e84] <.0001
BMIa 23 [14e35] 22 [15e34] 0.5415
Surgical procedure LAR 9 (12%) 24 (13%) 0.8158
Laparotomy 36 (46%) 63 (33%) 0.0437
Stage III/IV 15 (31%) 64 (29%) 0.7532
Experienced operator 47 (60%) 110 (58%) 0.6871
Operation timea(min) 262 [127e456] 259 [128e593] 0.5450
Bleedinga (ml) 100 [5e1980] 50 [5e1040] 0.0015
Sarcopenia 30 (38%) 79 (42%) 0.6364
Prognostic nutrition indexa 44 [27e54] 47 [35e58] 0.0724
SSI total 20 (26%) 28 (15%) 0.0376
Anastomotic leakage 8 (10%) 12 (6%) 0.2731
Morbidity (Clavien-Dindo III/IV) 18 (23%) 16 (8%) 0.0010
Postoperative in-hospital stay 13 [7e64] 10 [6e61] <.0001

SSI: surgical site infection.
a Values are median [range].

Table 3
Multivariate logistic regression analysis for severe postoperative complication.

Variable Univariate Multivariate P-value

P-value Odds ratio [95% CI]

Male 0.0643
Agea � 74 (years) 0.2583
BMIa � 22 (kg/m2) 0.6200
Surgical procedure LAR 0.0322 2.80 [1.06e6.92] 0.0383
Laparotomy 0.3440
Stage III/IV 0.9952
Experienced operator 0.7534
Operation timea � 263 (min) 0.5023
Bleedinga � 50 (g) 0.1824
Sarcopenia 0.7569
Frailty 0.0010 3.42 [1.62e7.29] 0.0013

a Median values are used for the cut-off value.
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outcomes such as the incidence of SSI, severe complications, high
hospital charges and postoperative length of stay (Table 2).
CFS as an independent factor in predicting severe postoperative
complications following CRC surgery

Clavien-Dindo III/IV complications were reported for 34 of 269
patients (12.6%) and included organ/space SSI (n¼ 5), anastomotic
leakage (n¼ 18), gastrointestinal perforation (n¼ 3), intraperito-
neal bleeding (n¼ 2), acute heart failure (n¼ 2), bowel obstruction
(n¼ 2), hypercapnia (n¼ 1) and anastomotic bleeding (n¼ 1). No
deaths were reported. The results of a univariate and multivariate
analysis of frailty and other perioperative risk factors are shown in
Table 3. The multivariate regression analysis identified the low
anterior resection (LAR) surgical procedure, as well as frailty, as
having the strongest association between the development of se-
vere complications (odds ratios, 2.80 and 3.42, respectively; 95%
confidential interval [CI], 1.06e6.92 and 1.62e7.29; P¼ 0.0383 and
P¼ 0.0013). Although the total incidence of severe complications
was significantly higher in the group of patients who were frail
compared with the nonfrail group (P¼ 0.0010), the incidence of
each severe complication was similar between the two groups
(Table 4).
Table 2
Patient characteristics with or without sarcopenia (n¼ 269).

Clinicopathological factors Sarcopenia (þ) Sarcopenia (�) P-value

(n¼ 159) (n¼ 109)

Male 81 (51%) 85 (78%) <.0001
Agea (years) 77 [65e94] 72 [65e87] 0.0008
BMIa 21 [13e28] 24 [17e35] <.0001
Surgical procedure LAR 12 (8%) 21 (20%) 0.0045
Laparotomy 60 (38%) 39 (36%) 0.7445
Stage III/IV 51 (32%) 28 (29%) 0.2577
Experienced operator 90 (57%) 66 (61%) 0.5199
Operation timea(min) 252 [128e601] 268 [127e593] 0.1266
Bleedinga (ml) 50 [5e1235] 50 [5e1980] 0.5140
Prognostic nutrition indexa 47 [33e58] 48 [27e56] 0.8058
SSI 29 (18%) 19 (17%) 0.8655
Anastomotic leakage 11 (7%) 9 (7%) 0.6821
Morbidity (Clavien-Dindo III/IV) 21 (13%) 13 (12%) 0.7569
Postoperative in-hospital stay 11 [6e64] 11 [6e51] 0.8597

SSI: surgical site infection.
a Values are median [range].
Discussion

The results of this study indicate that frailty has a robust impact
on the incidence of postoperative severe complications in patients
with CRC. The vulnerability of patients to such complications may
be easily identified by their general appearance at the first checkup;
although, how to quantify that vulnerability has not yet been
established. The CFS was central to our study; it is based on clinical
judgement and as such we consider it is easy to use as well as
powerfully correlated with surgical outcomes. A CFS of �4 was the
threshold representative of frailty in our study. The basic concept of
this premise is that patients who slow down requiring some sup-
port for dairy life or suffer from disease are a higher risk of severe
postoperative complication after surgical treatment, irrespective of
the medicines they are taking or previous conditions such as brain
infarction, chronic kidney disease and/or heart failure. In addition,
the analysis exploring the optimal cut-off value of CFS as a frail
patient revealed that CFS of 4 was the most tightly correlated with
postoperative outcome (data not shown). Correlation of the CFS
with other established measurement tools, such as the frailty index
based on clinical deficits has been previously confirmed.2 We also
confirmed that frailty determined by CFS is correlated with that
determined by such frailty index with questionnaire sheet in the
beginning of this study. Although we validated the objectivity by
inter-observer analysis in this study, we appreciated that CFS is less
quantitative than other frailty scores based on clinical question-
naires. Because frail patients are intensively intervened by reha-
bilitation both preoperatively and postoperatively in our institute,
we have to assess how efficiently frail patients could be supported
by the intensive rehabilitation based on such quantitative scores.
We are now working on how CFS of �4 could be accurately scored
by other tools or clinical questionnaires to improve the quantitative
assessment of frail patients.
Table 4
Severe complication (Clavien-Dindo III/IV).

Clinicopathological factors Frailty (þ) Frailty (�) P-value

(n¼ 78) (n¼ 191)

Total 18 (23%) 16 (8%) 0.0010
SSI (organ/space) 3 (4%) 2 (1%) 0.2961
Anastomotic leakage 8 (10%) 10 (5%) 0.9601
Gastrointestinal perforation 2 (3%) 1 (1%) 0.9602
Intraperitoneal bleeding 1 (1%) 1 (1%) 0.9005
Acute heart failure 2 (3%) 0 0.9828
Bowel obstruction 2 (3%) 0 0.9828
Hypercapnea 1 (1%) 0 0.2731
Anastomotic bleeding 1 (1%) 0 0.2731

SSI: surgical site infection.



H. Okabe et al. / The American Journal of Surgery 217 (2019) 677e681680
Sarcopenia was not observed to correlate with any post-
operative outcomes in this study. Recently, sarcopenia was
associated with postoperative mortality in patients with
gastrointestinal malignant diseases.7,9,22e25 However, there is
no established parameter for vulnerability that can indepen-
dently predict severe postoperative complications in patients
undergoing surgery with curative intent for CRC. Although we
assessed skeletal muscle using CT images, there are numerous
methods by which sarcopenia can be assessed and surgical
outcomes appear to be dependent on the basis of how sarco-
penia is quantified. In patients with colorectal liver metastasis,
sarcopenia defined by the total area of the psoas is associated
with morbidity after a hepatectomy, whereas sarcopenia defined
by the total muscle area at the level of the L3 vertebra was not
correlated with postoperative complications.8,25 Since we did not
assess sarcopenia using alternative methods, it is possible that
sarcopenia was not properly determined in our patient cohort.
Although we tried to explore the optimal cut-off value of muscle
area, significant correlation between sarcopenia and severe
postoperative complication was not eventually found in our
cohort.

Given previous investigations focused on the impact of the
nutritional index on postoperative complications,26,27 we specu-
lated that the nutritional index might partially contribute to the
diagnosis of frailty. If frail patients are impaired and do not obtain
adequate nutrition, we would expect that nutritional support
before or after surgerymight be beneficial for them. However, there
was no significant correlation between PNI and frail index. Frailty
defined by CFS might be fundamentally discriminated from nutri-
tional disorders and as such does not seem to be affected by peri-
operative nutritional interventions.

Since a robust correlation between frailty and morbidity was
confirmed in our current observational study, we segue to our next
concern about whether improvement of frailty before surgery
could decrease morbidity. In patients undergoing a lung resection,
preoperative exercise-based training was found to improve pul-
monary function before surgery and reduces in-hospital length of
stay and postoperative complications.28 There are several major
issues remaining before developing the preoperative exercise with
the potential to improve frailty. Frailty is heterogeneous based on
its root cause. Some patients have had an organ resected or loco-
motive disease or simply experience dementia as they age. There-
fore, it is not easy to make a protocol of exercise applicable for any
of such patients. Although it is challenging to overcome or reduce
frailty within a limited duration, it is conceivable based on the
current study that a decrease in frailty would affect a decrease in
severe complications, independent of the surgical technique per-
formed. We are now working on the establishment of protocol for
preoperative exercise which needs the criteria to select frail pa-
tients who are tolerant for that.

In conclusion, frailty independently predicted severe post-
operative complications in patients undergoing resection with
curative intent, and as such, frailty should represent an important
clinical consideration. Conceptually, frailty is accepted as being
similar to sarcopenia, but based on the results of our study, it was
not significantly correlated. Frail patients with CRC undergoing a
resection with curative intent might have some unique re-
quirements in order for their rehabilitation to be enhanced, and
further interventions to explore perioperative rehabilitation needs
should be addressed in the future.
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