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Abstract

Introduction Frailty is a geriatric syndrome, leading to declines in homeostatic reserve and physical resistance. It has been
considered as a risk factor for falls, fractures, need of institutionalization, length of stay and mortality. Our aim was to evalu-
ate the relationship between frailty, 30-day postoperative mortality and morbidity, for elderly patients undergoing surgical
emergencies.

Material and methods Prospective, observational cohort Study (September 2017—April 2019), using four different frailty
scales (Clinical Frailty Scale, FRAIL scale, TRST and Share-FI) as a risk factor of 30-day postoperative outcomes, for
patients older than 70 years undergoing emergency surgery. We analyzed diagnoses, clinical examination at admission,
surgical procedures, and postoperative outcomes during the first 30 days or until discharge.

Results 92 patients were included, with a mean age was 78.7 years (SD 6.3). Frailty prevalence varied since 14.1% obtained
using FRAIL scale, to 25%, 29.2% and 30.4%, from Clinical Frailty Scale, TRST and Share-FI, respectively. All four frailty
scales show statistical differences to predict major complication and mortality in our sample. FRAIL scale showed the highest
sensitivity—specificity pair to predict mortality in our sample (AUC =0.870). TRST and FRAIL scales showed the strongest
measure of association (OR 7.69 and 5.92, respectively) for major complications. Regarding need for admission to the ICU,
hospital stay or reoperation rate, only FRAIL scale showed a statistically significant association.

Conclusion Frailty represents a predictive marker of mortality and major complications, in surgical emergencies. FRAIL
score, shows the strongest relationship with mortality and complications, compared to other frailty scales.
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Introduction Frail phenotype has been considered a high-prevalence

risk factor in the elderly population [2], which increases the

Frailty is a geriatric syndrome associated with aging, which
leads to a decrease in the body’s homeostatic reserve and
physical resistance, which leaves the individual vulnerable
to health stressors [1].

The present work was carried out in the Universitary Hospital
Virgen del Rocio, Seville, Spain.
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risk of unfavorable health-related outcomes, such as duration
of hospitalization, risk of falls, the need for institutionaliza-
tion and mortality [3]. Frailty is present in approximately
17-30% of patients over 65 years of age [2, 4-7], reaching
up to 50% of those over 75 years.

One of the fundamental problems regarding this syn-
drome is the absence of standardized terminology, as well
as the lack of a valid screening method for persons who may
benefit from certain treatments or preventive measures [3].
The most commonly used scales assess frailty according to
Fried phenotype criteria, unlike deficit accumulation mod-
els, which are more complex and less representative of the
original concept of Fried [8].

Although there is a consensus about the frailty criteria
defined by Fried (weight loss, exhaustion, low physical
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activity, slowness and weakness), there is no unanimous
agreement to defend a single test, since most offer high
sensitivity but lack adequate specificity to be used as a sin-
gle diagnostic test, specially in the elective setting [9]. On
the other hand, the use of brief frailty scales in emergency
departments, where comprehensive geriatric assessment
can be complex, has increased in recent years [10]. These
feasible scales for rapid frail assessment, as Clinical Frailty
Scale, FRAIL scale, the Triage Risk Screening Tool (TRST)
or Share-FI, have capability enough to evaluate patients’
baseline condition [11, 12].

Different studies have related frailty with adverse clinical
outcomes after elective surgery, with longer hospital stays,
decrease functional status, and with an increased risk of
complications, higher readmission rates and mortality [13,
14].

With respect to emergency procedures, information
regarding the influence of frailty on postoperative complica-
tions remains scarce [15]. As a result, some elderly patients
undergoing surgical procedures may have unacceptable
risks of postoperative complications and mortality. On the
other hand, some surgeries might be contraindicated based
exclusively on criteria of age or inaccurate tools, denying
the opportunity for a treatment that could be life-saving or
improve the quality of life in this group of patients.

Based on the above, the objective of this study was to
determine the relationship between frailty and postopera-
tive outcomes in elderly patients who undergo emergency
surgery.

Methods

Prospective, observational cohort study, using four frailty
scales as a risk factor of short-term adverse outcomes, for
patients older than 70 years, during the postoperative course
of emergency surgery, registered at Hospital Universitario
Virgen del Rocio (Seville, Spain), between September 2017
and April 2019.

The study was approved by the Clinical Investigations
Ethics Committee (CIEC) of Hospital Universitario Virgen
del Rocio.

The main objective was to evaluate the relationship
between frailty and postoperative mortality, using four dif-
ferent frailty scales. Secondary objectives were to compare
the predictive accuracy of the four frailty scales, to detect the
best pair sensitivity/specificity and to assess the association
between the frailty scales and postoperative complications.

A prior sample size calculation was assessed to estimate
the study population necessary to meet the primary objec-
tive. As risk of postoperative mortality for frail patients
in the emergency departments has not consistently dem-
onstrated, we assumed an estimated OR for postoperative
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mortality of 3.5 for our sample calculation, based on previ-
ous studies reporting and OR for postoperative mortality in
the elective setting ranged between 4 and 11.7 [16, 17]. With
a study power of 80% and an a-error of 0.05, 90 patients
resulted as the required sample size.

Inclusion criteria were patients over 70 years of age,
and patients who underwent abdominal surgery. Since age-
related physiological decline is widely known, there is no
set age at which a person becomes geriatric. Although the
typical age for considering an “elderly patient” has been
over 65, studies considering age over 70, 75 or 85 years
have recently raised. Patients under 70 years, patients with
moderate-severe cognitive deterioration and patients with
terminal illness, defined as a life expectancy of less than
6 months, were excluded from the study.

Data related to age, sex, BMI, cardiovascular risk fac-
tors, comorbidities, polymedication (defined as the use of
more than five drugs daily) [18], patients on anticoagulant
or antiplatelet medication, and record of falls in the last year
[18] were registered for subsequent analysis. Furthermore,
variables related to the acute disease at admission, clinical
parameters and laboratory tests at admission, as well as the
surgical treatment performed, were collected.

Finally, complications that occurred during the first 30
postoperative days or until discharge, as well as their length
of hospital stay, were recorded. For measurement of postop-
erative complications, the internationally accepted Clavien
Dindo classification was used to describe their severity [19].
Major complications were defined as those with grade 3 or
higher of this classification.

The study was developed in three phases: a recruitment
phase, in which patients who met the inclusion criteria were
identified, the informed consent form was signed and the
baseline frailty assessment of patients was carried out using
four validated diagnostic scales (Clinical Frailty Scale,
FRAIL score, TRST and Share-FI). All frailty scales meas-
urements were taken by a single physician. The second phase
was the period of follow-up, in which a daily record of the
patient’s clinical status was made, identifying postopera-
tive complications; and finally a statistical analysis phase to
achieve results interpretation.

For the statistical analysis, the qualitative variables are
presented with their distribution of frequencies. The chi-
squared test or Fisher’s exact test was used to restore differ-
ences between the groups.

Quantitative variables are summarized in their mean and
standard deviation (SD) and variables that do not follow a
normal distribution are expressed with median and inter-
quartile range (IQR). The normality of quantitative variables
was evaluated through the graphic inspection of histograms
and Q-Q plot graphs (quantile-quantile). They were com-
pared through the Student’s ¢ test and the analysis of variance
(ANOVA). When a normal distribution was not present, the
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continuous variables were expressed as median and range
and were compared using the Mann—Whitney U test.

Contingency tables, logistics regression models, mul-
tivariate analysis and ROC curve statistical analysis were
done to evaluate the prognostic efficacy of the scales. The
statistical study was carried out with the SPSS statistical
program (IBM Corp. Released 2016. IBM SPSS Statistics
for Windows, Version 24.0. Armonk, NY: IBM Corp).

Results

From 722 emergency surgeries between the study period,
113 were considered eligible for inclusion, of whom 92
patients were finally included. During follow-up in the first
30 days after surgery or until discharge, there were no losses.
Thus, the sample of 92 patients who underwent urgent surgi-
cal procedure with follow-up until hospital discharge or until
death was analyzed.

The mean age of the population was 78.71 years (SD
6.26). Women represented 53.3% of the sample, and men
represented 46.7%.

Hypertension was the most common disease according
to the patients’ personal medical records, followed by heart
disease (history of ischemic cardiomyopathy and atrial
fibrillation).

Non-perforated acute abdomen (25%), intestinal obstruc-
tion (32.6%) and perforation of the hollow viscus (16.3%)
were the most common diagnosis for which the patients
underwent surgery. Of these, tumor disease represented
about 29.34%. Table 1 shows the type of surgical proce-
dures performed.

The overall rate of complications was 50%, with up
to 46 patients having some deviation from the normal
postoperative course. Table 2 shows the types of com-
plications that occurred in the sample, as well as the

Table 1 Overall surgical procedures among patients

Procedure n*
Segmental colon resection 33
Hernia repair 17
Resection of small intestine 14
Appendectomy 11
Cholecystectomy 11
Adhesiolysis 6

Lateral colostomy 4
Primary suture of perforation 2
Lavage and drainage 2

*The number of procedures is greater than 92 since each patient
underwent more than one procedure. For example: resection of small
intestine 4 hernia repair

grade of complication according to the Clavien-Dindo
classification.

The rate of anastomotic dehiscence in the sample was
18.51%. Overall mortality was 10.9%. The median time of
admission was 6 days (IQR 3.25-11.65).

With regard to recording of frailty, the prevalence in our
population oscillated, according to the four scales used.
The FRAIL scale found a smaller sample of frail patients
than the rest of the scales (14.1%). The Clinical Frailty
Scale, Triage Risk Screening Tool, and Share-Fi scales
found a similar prevalence of frailty in the sample, from
25 t0 30.4%.

Analyzing the association between the presence of
frailty and postoperative complications, the four scales
were statistically significant for predicting both major
complications and mortality in our sample. The binary
logistic regression model demonstrated a greater OR in
the FRAIL scale (OR=16.071 (95% CI 3.646-70.845),
p<0.001), compared to the others. The frail phenotype
demonstrated a greater association with the risk of devel-
oping major complications considered grade 3 or higher on
the Clavien-Dindo scale (Table 3). The TRST and FRAIL
scales were the ones that showed the greatest strength of
association (OR 7.69 and 5.92, respectively). Use of poly-
medication was not related individually to major complica-
tions or mortality. Patients on anticoagulant or antiplatelet
medication were related to postoperative bleeding (OR
1.27, C195% 1.05-4.72, p =0.046), but with no relation-
ship with other adverse events as reoperation rate, need for
ICU, other complications, or mortality.

The ROC curve analysis highlighted the FRAIL scale a
greater area under the curve (AUC =0.870) than the others,
to relate frailty with post-operative mortality. AUC of CFS,
FRAIL scale, Share-FI and TRST are shown in Fig. 1.

When it comes to predicting the need for admission to the
ICU, hospital stay or reoperation rate, frailty only showed a
statistically significant association when determined using
the FRAIL scale. The other scales did not show the relation-
ship between frailty and the presence of any of these adverse
events.

Kappa coefficient between four frailty scales and preop-
erative physical status assessed by the American Society of
Anesthesiologists (ASA) classification was also evaluated
in our sample. Kappa values of 0.18, 0.15, 0.19 and 0.07
were observed for TRST, Share-FI, Clinical Frailty Scale
and FRAIL scale, respectively, indicating a poor agreement
between the ASA score, and the four frailty scales.

Finally, binary regression was used to establish the mor-
bimortality variables that were most related to frailty. As
shown in Table 4, these complications were respiratory
failure, renal failure and organ-space surgical site infection
(Table 4). Hospital stay was also longer in the frail group
(16.9 days VS 9.1, p=0.019).
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Table 2 Postoperative

A . Type of complication n
complications and grading
accorfiing to Clavien Dindo Respiratory 14 (15.2%)
Classification Renal 7 (7.6%)
Cardiac 6 (6.5%)
Neurological 3(3.3%)
UTI 1(1.1%)
Paralytic ileus 5(5.4%)
Surgical wound infection 17 (18.5%)
Organ/space infection 10 (10.9%)
Anastomotic dehiscence 5 (18.51%)*
Intra-abdominal abscess 4 (4.3%)
Intestinal obstruction 2(2.2%)
Hemorrhage 4 (4.3%)
Evisceration 2(2.2%)
Confusional syndrome 8 (8.7%)
Reintervention 10 (10.9%)
Death 10 (10.9%)
Total complications 46 (50%)
Complications according to clavien-dindo classification
Grade 0: Normal post-operative course 46 (50%)
Grade 1: Deviation from post-operative course requiring some of the following drugs: 4 (4.3%)
antiemetics, antipyretics, analgesics, diuretics, electrolytes
Grade 2: Requires drugs not included in grade 1 22 (23.9%)
Grade 3: Requires endoscopic, radiological or surgical procedure 5(5.4%)
Grade 4: Life-threatening to the patient. Required ICU 5(5.4%)
Grade 5: Patient death 10 (10.9%)

# Total patients with anastomosis

Table 3 Regression model to determine risk of frailty and mortality

Odds Ratio 95% CI P

Clinical Frailty Scale

Major complications 3.390 1.178-9.752 0.024

Mortality 5.735 1.453-22.643 0.013
FRAIL score

Major complications 5.923 1.711-20.510 0.005

Mortality 16.071 3.646-70.845 0.001
Share-FI

Major complications 4.278 1.510-12.121 0.006

Mortality 13.263 2.593-67.842 0.002
TRST

Major complications 7.694 2.591-22.850 0.001

Mortality 7.233 1.708-30.633 0.007
Discussion

Our study found a significant relationship between the
presence of frailty and both mortality and major com-
plications, in patients over 70 years requiring emergency
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surgery.

Frailty has been analyzed in recent years in several epi-
demiological studies, finding that mortality is the primary
adverse event in the emergency setting [5, 7, 13, 20, 21]. It
has been defined as a pathology with high prevalence in the
population over 65 years, reaching up to 30% in some studies
[2, 4]. In our study, most of the scales defined a frail elderly
population over 25% of the total sample, although using the
FRAIL scale, the prevalence was lower (14%).

Based on the different frailty scales used in our study,
the risk of death after undergoing an emergency surgical
procedure would be 5-16 times more likely when frailty
syndrome is present. Furthermore, this group of patients has
an increased risk of suffering complications such as acute
renal failure, surgical site infection or acute confusional
state. Compared to other studies analyzing frail patients in
elective surgeries [13, 21], our results may be interpreted as
a significant increase in the risk of complications and death
when patients require emergency surgery,

According to our results, frailty could be even more dis-
astrous in the emergency surgery patient than in individuals
with other acute diseases. Salinas et al. [22] reported a three-
fold higher mortality in frail elderly patients who suffered
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Fig.1 ROC curves of the dif-
ferent frailty scales to analyze
the strength of association with
mortality

Table 4 Postoperative
complications among non-frail
and frail patients
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Frail (n=13) Non frail (n=79) OR )4
Respiratory failure 5 8 4.86 (1.3-18.1) 0.018
Renal failure 3 4 5.62 (1.1-28.9) 0.03
Paralytic ileus 2 3 4.61 (0.7-30.7) 0.115
Surgical site infection (superficial) 4 13 2.25 (0.6-8.4) 0.227
Surgical site infection (organ/space) 6 4 16.07 (3.6-70.8) 0.001
Post-operative hemorrhage 4 0 1.0 0.99
Confusional syndrome 4 4 8.33(1.8-39.2) 0.07
Dehiscence 4 1 1.56 (0.2-5.2) 0.701
Surgical time (min) 98.7 102.3 0.766
Hospital stay (days) 9.1 16.9 0.019

Bold values indicate statistical differences

an episode of the acute coronary syndrome, and a 2.7-fold
higher risk of bleeding during the first 30 days.
Furthermore, the great variability of diagnostic scales
to define frailty does not allow for standardization of use,
nor contribute to the use of a single scale, since no scale
has demonstrated its superiority over the others [8]. In this
respect, the use of frailty scales based on the definition of
the phenotype of Fried et al. [3], through short question-
naires that evaluate the patient’s baseline status, is being
increasingly used in the emergency departments [23, 24].
Considering the results in our study, we concluded that
all four scales used (Clinical Frailty Scale, FRAIL, TRST
and Share-Fi) are able to predict the risk of mortality and
major complications after emergency surgery. Furthermore,
FRAIL scale showed the strongest association with those
complications, regardless of other factors. This results might
be due to different factors. First, FRAIL scale was also the
test obtaining the lower prevalence of frailty (14.1%), which
probably increased the specificity as a predictor of adverse
events. Other reason could be that four out of five items

in the FRAIL scale questionnaire, were related to physical
activity, while other scales included comorbidities or social
support aspects in their questionnaires.

Our study has the following limitations: the sample size,
although calculated to meet the primary objective of the
study, may involve a limitation for some secondary objec-
tives, for which few events were registered. In addition,
wide confidence intervals might suggest insufficient accu-
racy due to the number of patients. On the other hand, as
a consequence of the exclusion of patients with moderate
to severe cognitive impairment, the prevalence of frailty
might be lowered in our sample. Inclusion of only surgical
patients might be another limitation of the study. Consider-
ing the frailty scales assessment was not analyzed on elderly
patients with medical processes for which surgical treatment
was not performed (e.g., acute cholecystitis with conserva-
tive treatment), which may imply a worse baseline situation
than those who undergo surgery. Therefore, the absence of
selection bias in this sense cannot be guaranteed. Given that
this was a single-center study, there might be a potential
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limitation in the generalizability of the results, as the compo-
sition of the study population, and resources or department
characteristics cannot be extrapolated to other centers.

Finally, patient follow-up during the first 30 days of
admission does not allow for an adequate analysis of the
effect of frailty on the subsequent quality of life of patients
included in the study, nor the medium- to long-term
morbimortality.

Despite the limitations mentioned, from our study it can
be concluded that the frailty represents a predictive marker
of short-term mortality and major complications in patients
over 70 years of age admitted for surgical emergencies,
regardless of the other factors. Furthermore, in our sample,
these patients had a longer hospital stay.
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