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Abstract

Background The influence of preoperative comprehensive geriatric assessment and frailty on postoperative mor-
bidity, mortality, delirium were examined.

Methods A total of 108 patients were evaluated. The Katz Index of Independence in Activities of Daily Living
(ADL), the Lawton Brody Instrumental Activities of Daily Living Scale (IADL), the Mini-Nutrition Assessment test
(MNA), the Mini-Mental State Examination (MMSE), Yesavage Geriatric Depression Scale (GDS) were performed.
Fried Criteria were used to assess physical frailty. We used the Physiological and Operative Severity Scores for the
Enumeration of Mortality and Morbidity score (POSSUM), the American Society of Anesthesiologists Score (ASA),
and the Charlson Comorbidity Index (CCI) to determine the risk of postoperative morbidity and mortality.
Assessment Test for Delirium (4AT) was applied for detection of delirium.

Results The median age was 71 years (min—max: 65-84). IADL (p = 0.032), MNA (p = 0.01), MMSE scores
(p = 0.026) were found to be significantly lower in patients with morbidity. POSSUM physiology score (p = 0.005),
operative score (p = 0.015) and CCI (p = 0.029) were significantly higher in the patients with morbidity. Patients
developed morbidity were found to be more frail (p < 0.001). The patients with delirium were found to have lower
IADL (p = 0.049) and MMSE scores (p = 0.004), higher POSSUM physiology score (p = 0.005) and all of them
were frail. It was found that frailty (OR = 23.695 95% CI: 6.912-81.231 p < 0.001), POSSUM operative score
(OR:1.118 95% CI: 1.021-1.224 p = 0.016) and preoperative systolic blood pressure (OR:0.937%95 CI: 0.879-0.999
p = 0.048) were independently related factors for postoperative morbidity.

Conclusion In our study, CGA and frailty in preoperative period were found to be indicators for postoperative
morbidity and delirium.
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Introduction

Advanced age may be an independent risk factor for
complications, but not an obstacle for surgery [1].
Improvement in surgical and anesthesia techniques
increased the expectation of long-term survival for geriatric
patients [2]. However, geriatric patients are more likely to
have poor health due to age-related physiological decline,
multiple comorbidities, and accompanying geriatric syn-
dromes. Postoperative complications (POCs), prolonged
hospitalization, functional decline, and mortality can occur
after surgery. Although there is a high postoperative
complication rate in older adults, there is no suitable tool to
evaluate the perioperative risks. In geriatric patients,
standard preoperative evaluation, physical examination,
laboratory evaluation, and imaging methods do not provide
sufficient information for deciding proper treatment [3].
Therefore, a comprehensive evaluation is needed to
determine and individualize risk factors preoperatively [4].

Comprehensive geriatric assessment (CGA) evaluates
older adults in a holistic approach [5]. Several studies have
shown that CGA has predictive effect on POCs and mor-
tality in geriatric patients [6, 7]. In these studies, CGA,
frailty and surgical risk scores were not appraised together
for predicting postoperative morbidity, mortality and
delirium. CGA can specify reversible terms that can
improve patients’ fitness before surgery. It might also assist
clinicians’ predictions regarding complications by pre-
dicting support needs during and after surgery.

Frailty is a condition caused by decrease in reserve
capacity in various systems in older people and can be
distinguished from the aging process and comorbidity [8].
Frailty predicts mortality and morbidity in the periopera-
tive process more accurately than chronological age [9].
Frailty is shown to increase complication risk, length of
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hospital stay and mortality in operations. This situation is
irrespective of the patient’ age; therefore, higher compli-
cation rates in younger frail patients have necessitated new
research into the cause [10, 11]. Evaluating frailty preop-
eratively in older people may give additional risk stratifi-
cation to classic perioperative risk factors. Therefore, using
the frailty evaluation may be helpful to check treatment
options and adjust the anticipation of the surgical
improvement [12]. The American College of Surgeons and
the American Geriatrics Society (AGS) recommends frailty
assessment as part of the preoperative evaluation of older
patients [13].

Delirium develops in 30—40% of older patients after
major surgery. It is associated with increased cost, pro-
longed hospital stay, and one-year mortality [14]. Although
preoperative cognitive impairment is a leading risk factor
for postoperative delirium, preoperative cognitive assess-
ment is not routinely performed. Studies evaluating hip
fractures or elective surgery, have noticed an association
between CGA and postoperative delirium [15]. Multidi-
mensional interventions that optimize mobility, vision,
hearing, hydration, cognition, drugs, pain, and sleep have
proven to be effective strategies to prevent delirium in
medical and surgical settings. Accordingly, it is important
to determine the patients who are at risk of delirium.
Thereby, clinicians can improve plans to reduce risk [16].

The purpose of this study was to investigate the influ-
ence of preoperative CGA and frailty on postoperative
morbidity, mortality, and delirium. To the best of our
knowledge this is the first study evaluating a wide variety
of CGA and surgical risk tools at the same setting.

Methods
Participants

A total of 108 patients who applied to geriatric outpatient
clinic between January 2017 and August 2018 were
included in the study. Patients older than 65 years and for
whom elective general, orthopedic and traumatology sur-
gery planned were evaluated. Emergency surgery, day
surgery, surgery under local anesthesia, and palliative
surgery were determined as exclusion criteria. Patients
were assessed for delirium three times a week. Thirty-day
morbidity and mortality after surgery was assessed.

Age, gender, with whom the patient lived, educational
status, smoking and alcohol use, body mass index (BMI),
accompanying diseases, incontinence, falls, pressure ulcer,
number of drugs were recorded. Intraoperative blood loss,
type of surgery and complications were provided from
records.
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Dementia was diagnosed using DSM-5 criteria and
patients with early stage dementia were included in the
study.

Comprehensive geriatric assessment

CGA was conducted by three geriatricians. In the context
of CGA, functional status assessment was performed with
Activities of Daily Living (ADL) and Instrumental Activ-
ities of Daily Living (IADL) scales [17-19]. Preoperative
cognitive status was assessed by using the Folstein Mini-
Mental State Examination (MMSE) and The Clock
Drawing Test (CDT) [20, 21]. The CDT scoring ranges 0—6
points and <4 shows low cognitive performance [22].
Depressive symptoms were assessed using Yesavage
Geriatric Depression Scale (GDS) short form [23]. Nutri-
tional status was evaluated by Mini-Nutritional Assessment
short form (MNA-sf) [24, 25].

The frailty phenotype was determined by measuring five
domains: unintentional weight loss, self-reported exhaus-
tion, weakness, slow walking speed and low physical
activity [8]. According to these criteria, the patients having
3 or more points were reported as ‘frail’, 1 or 2 points as
‘pre-frail” and O point as ‘robust.’

Surgical scores and preoperative risk assessment

Surgical risk was assessed with the Physiological and
Operative Severity Score for the Enumeration of Mortality
and Morbidity (POSSUM), the American Society of
Anesthesiologists (ASA) and the British United Provident
Association (BUPA) [26-28]. The POSSUM, which is
suggested to estimate postoperative morbidity and mortal-
ity, consists of the Physiologic Severity Score (PSS) and
Operative Severity Score (OSS). The PSS is based on 12
factors including preoperative measurements like labora-
tory measurements, age, cardiac and respiratory status. The
OSS is calculated using 6 factors that define the operative
severity, the number of procedures, total blood loss, peri-
toneal soiling, asset of malignancy, and surgery type. The
ASA classification which has a well-ingrained score is used
in the preoperative evaluation of the patient’s compliance
with surgery and predicts postoperative mortality and
scored between land 5, worst scored by 5. BUPA is
assessed according to the severity of the surgery, which
varies between minor and major complex surgery.

Charlson Comorbidity Index (CCI) which has 19 cate-
gories of comorbidity was used for risk assessment of
medical co-morbidity burden and risk of 1-year mortality
[29].

Delirium assessment

Delirium was evaluated preoperatively and postoperatively
on 3rd, 7th days by three geriatricians. Delirium was
diagnosed by using the assessment test for delirium (4AT)
[30].

Morbidity and mortality evaluation

A postoperative complication was stated as any case hap-
pening within 30 days of surgery. During the postoperative
30 days, surgical complications were assessed by a geria-
trician and a surgeon. Complications include bleeding from
the wound site, local hematoma, re-bleeding, hemorrhage,
pulmonary infection, surgical site infection, urinary tract
infection, septicemia, fever of unknown origin, wound
dehiscence, deep vein thrombosis/pulmonary thromboem-
bolism, congestive heart failure, worsening renal function,
hypotension, respiratory failure, cardiac arrest or myocar-
dial infarction, stroke or coma for longer than 24 h, and
anastomotic leakage.

Postoperative length of stay (LOS) was defined by the
number of days from surgery to discharge. Patients were
followed and mortality was recorded for 30 days.

Ethics

The study protocol was evaluated and approved by the
local Ethics Committee. Informed consent was obtained
from each patient.

Statistical analyses

SPSS 22.0 version was used for the statistical analyses.
Descriptive statistical results were offered as frequencies
and percentage for -categorical variables. Numerical
parameters were examined with histogram and Kol-
mogorov—Smirnov tests for normal distribution. The con-
tinuous parameters with normal distributions were
presented as mean + SD while the skew ones as median
(minimum-maximum). Comparison of categorical vari-
ables was performed by Chi-square or Fischer exact tests
where convenient. Normally distributed continuous vari-
ables were compared by Student T test while the skew ones
were assessed using Mann—Whitney U test. P value lower
than 0.05 was considered as statistical significance. The
parameters those had significantly differences or had
p value lower than 0.20 in univariate analyses were
included in Binary Logistic Regression analysis to detect
the independently associated parameters for morbidity.
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Results
Preoperative patient characteristics

One hundred and eight patients were included in this study.
The median age was 71 years (65-84) and 63% was
female. Most of them were living with their partners or
families (69% and 17%, respectively). The three most
common comorbid conditions were hypertension (59.3%),
malignancy (41.7%), and diabetes mellitus (25%). The
frequencies of comorbid diseases and geriatric syndromes
are shown in Table 1.

Postoperative morbidity

POC:s developed in 28.7% of the patients. The complicated
patients were not different according to age (p = 0.485),
gender (p = 0.504), number of drugs (p = 0.591), and
comorbid diseases. Patients with complications had longer
hospital stay (p < 0.001). When CGA was performed, it
was seen that MMSE, IADL, MNA, and CDT scores were
significantly worse in the complicated group (p = 0.026,
p =0.032, p=0.001, p=0.046, respectively). Surgical
scoring showed that PSS and OSS scores were significantly
higher in patients with complication compared to without
(respectively, p = 0.005, p = 0.015), but ASA (p = 0.056)
and PUBA (p = 0.262) scores were not related to compli-
cations. Patients with POCs had higher frailty (p < 0.001)
and CCI scores (p = 0.029) (Table 1).

Frailty

When the patients were grouped as frail and prefrail-robust,
it was seen that the frail group was significantly older
(p = 0.017), had longer hospital stay (p < 0.001), and had
worse scores of MMSE (p < 0.001), TADL (p < 0.001),
MNA (p < 0.001), and CDT (p < 0.001). It was also
observed that the PSS (p < 0.001) and CCI (p < 0.001)
scores were significantly higher in the frail group than not-
frail group (Table 1).

Multivariate analysis revealed that frailty (OR:23.695
95%CI:6.912-81.231 p < 0.001), POSSUM operative
score (OR:1.118 95%CI:1.021-1.224 p = 0.016) and pre-
operative systolic blood pressure
(OR:0.937%95CI:0.879-0.999 p = 0.048) were indepen-
dently related factors for POCs (Table 2).

Postoperative delirium
Delirium frequency was 3.7%. Patients developed delirium

were more likely to have longer hospital stay and half of
them had dementia. Patients with delirium were older

@ Springer

(»p = 0.039), more dependent in IADL (p = 0.049), had
worse MMSE scores (p = 0.004), and were more likely to
be frail (p = 0.008). Within surgical scores, only the PSS
score was found to be significantly higher in the delirium
group (p = 0.01). The CCI score did not show any signif-
icant difference (Table 3).

Mortality

During the 30-day follow-up, only one patient who was
robust died after myocardial infarction in postoperative
first day.

Discussion

This study aimed to specify the importance of CGA in
predicting 30-day POCs, delirium and mortality in older
patients undergoing elective surgery. The results revealed
that preoperative frailty assessment predicted POCs and
delirium. As an advantage to previous studies, CGA and
frailty assessment were evaluated in addition to surgical
risk scoring and demonstrated superiority at predicting
postoperative morbidity to surgical risk scoring systems.
The strength of this study is its comprehensive assessment
including various surgical risk tools, CGA, and frailty
assessment at the same setting.

In previous studies involving geriatric patients, postop-
erative complication rate ranged from 16.4 to 48.7. This
was found to be 28.7 in our study [2, 31]. This difference
was thought to be related to the heterogeneous group and
the type of operations. CGA domains were applied pre-
operatively and MMSE, TIADL, MNA, and CDT scores
predicted 30-day postoperative major complications. In
several retrospective studies, a correlation was found
between CGA components and 30-day POCs. While ADL
and TADL were significant in some of these studies,
depression and cognitive dysfunction were significant in
some other [2, 32]. In a prospective study evaluating older
patients deterioration in IADL predicted 30-day POCs
[33].Similarly, Fagard et al. reported that ADL was the
strongest predictor of 30-day POCs [34]. Previous studies
showed that MMSE was inadequate to demonstrate 30-day
POCs; however, in our study, MMSE score predicted
30-day POCs [32, 35, 36]. As the education level affects
MMSE, different results can be obtained in different
studies. In contrast to the current studies, this study has
shown that possible malnutrition based on MNA-sf could
predict 30-day POCs [32, 36]. Another prospective study
evaluating malnutrition with Subjective Global Assessment
(SGA) prior to elective colorectal surgery showed SGA
was a risk factor for postoperative morbidity. Preoperative
CGA is useful in identifying health problems, detecting
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Table 1 General characteristics, comprehensive geriatric assessment and surgical scoring systems according to frailty and complication groups

Total (n:108) Complication Frailty

No Any p Robust- Frail (n:27) p

complication complication Prefrail (n:81)

(n:77) (n:31)
Female gender,% 68 (63) 50 (64.9) 18 (58.1) 0.504 51 (63) 17 (63) 1.000
Age, year, median 71 (65-84) 71 (65-84) 71 (65-84) 0.485 70 (65-84) 74 (65-84) 0.017
BMI, kg/m?, median 27.22 27.64 26.77 0.630 27.3 26.2 0.528

(18.77-43.11) (18.8-38.2) (20.1-43.1) (18.8-43.1) (20.1-43)
Diabetes mellitus, n (%) 27 (25) 17 (22.1) 10 (32.3) 0.269 15 (18.5) 12 (44.4) 0.007
Hypertension, n (%) 64 (59.3) 50 (64.9) 14 (45.2) 0.058 51 (63) 13 (48.1) 0.175
Congestive heart failure, n (%) 7 (6.5) 339 4 (12.9) 0.103 2 (2.5 5 (18.5) 0.003
Dementia, n (%) 4 3.7 3 (3.9 1(3.2) 0.867 1(1.2) 3(11.1) 0.019
Number of drugs, number, median 3 (0-12) 3 (0-12) 3 (0-8) 0.591 3 (0-12) 4 (0-9) 0.312
Length of stay, day, median 8 (2-63) 7 (2-63) 15 (4-63) <0.001 8 (2-39) 15 (4-63) <0.001
Systolic BP, mmHg, mean 119.86 + 10.35 1209 + 10.4 1173 £ 10 0.098 120 £+ 10.6 119.4 £ 9.8 0.811
Diastolic BP, mmHg, mean 7292 + 7.24 733+ 7.5 71.9 £+ 6.5 0374 73 £7.7 72.6 £59 0.763
Fried score, median 1(04) 1(04) 3 (04) <0.001 1 (0-2) 3 (34 <0.001
Mini mental test score, median 28 (2-30) 28 (2-30) 27 (10-30) 0.026 29 (2-30) 26 (10-29)  <0.001
Katz ADL score, median 6 (2-6) 6 (2-6) 6 (2-6) 0.764 6 (3-6) 6 (2-6) 0.285
Lawton-Brody IADL score, median 8 (0-8) 8 (1-8) 7 (0-8) 0.032 8 (1-8) 6 (0-8) <0.001
MNA-SF score, median 12 (4-14) 12 (5-14) 10 (4-14) 0.001 12 (5-14) 8 (4-14) <0.001
Clock drawing test scores, median 6 (0-6) 6 (0-6) 4 (0-06) 0.046 6 (0-6) 1 (0-6) <0.001
Yesavage GDS score, median 2 (0-11) 2 (0-11) 2 (0-8) 0.760 2 (0-11) 3 (0-8) 0.099
Physiologic Severity Score (PSS), 18 (13-31) 18 (13-30) 21 (16-31) 0.005 18 (13-30) 22 (16-31)  <0.001
median
Operative Severity Score (OSS), 13.5 (6-31) 11 (6-25) 15 (6-31) 0.015 13 (6-31) 15 (6-31) 0.194
median

ASA score, median 1 (1-3) 1 (1-2) 2 (1-3) 0.056 1 (1-2) 2 (1-3) 0.143
BUPA score, median 3.5 (2-5) 3 (2-5) 4 (2-5) 0.262 3 (2-5) 4 (2-5) 0.143
Charlson comorbidity index score, 5 (2-11) 4 (2-11) 5 (2-8) 0.029 4 (2-11) 5(4-9) 0.001

median

BMI body mass index, Systolic BP Systolic Blood Pressure, Diastolic BP Diastolic Blood Pressure, ADL Activities of Daily Living, IJADL
Instrumental Activities of Daily Living, MNA-SF: Mini-Nutritional Assessment short form, GDS Geriatric Depression Scale, PSS Physiologic
Severity Score, OSS Operative Severity Score, ASA American Society of Anesthesiologists, BUPA British United Provident Association

Table 2 Independently related factors in developing postoperative
complications

P Exp(B) 95% C.1
Frailty <0.001 23.695 6.912-81.231
Operative Severity Score 0.016 1.118 1.021-1.224
Systolic Blood Pressure 0.048 0.937 0.879-0.999

The parameters those included in multivariate analysis were weight
loss, presence of malignancy, frailty status, IADL, MNA, Physio-
logical severity score, Operative severity score, Charlson comorbidity
index score, hypertension, congestive heart failure, falls, ASA score,
Systolic blood pressure

risk groups, finding solutions and thus guiding periopera-
tive care. The American College of Surgeons National
Surgical Quality Improvement Program (ACS NSQIP) and
the AGS published the need to focus on CGA, including
cognitive status, nutritional, functional status, and depres-
sion for the preoperative optimal evaluation of geriatric
patients [7]. For this reason, CGA application should be
expanded before surgery.

In our study, frailty status independently predicted
POCs. In previous studies frail group had higher mortality
and morbidity [37, 38]. Some other studies including both
cancer patients and surgical patients, obtained similar
results [39, 40]. Frailty allows detecting patients with high
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Table 3 General characteristics, comprehensive geriatric assessment and surgical scoring systems according to postoperative delirium status

Characteristic Total (n:108) Postoperative Delirium 4

No (n:104) Yes (n:4) PR
Age, year, median 71 (65-84) 71 (65-84) 79 (71-82) 0.039
Female gender,% 68 (63) 65 (62.5) 3 (75) 0.611
Diabetes mellitus, n (%) 27 (25) 26 (25) 1(25) 1.000
Hypertension, n (%) 64 (59.3) 63 (60.6) 1(25) 0.302
Dementia, n (%) 4. (3.7 2 (1.9) 2 (50) 0.006
Number of drugs, number, median 3 (0-12) 3 (0-12) 1.5 (1-3) 0.216
Length of stay, day, median 8 (2-63) 8 (2-63) 19 (8-24) 0.043
Katz ADL score, median 6 (2-6) 6 (2-6) 5.5 (3-6) 0.317
Lawton-Brody IADL score, median 8 (0-8) 8 (1-8) 4.5 (0-8) 0.049
MNA-SF score, median 12 (4-14) 12 (4-14) 8 (6-14) 0.104
Mini mental test score, median 28 (2-30) 28 (2-30) 20 (20-25) 0.004
Clock drawing test scores, median 6 (0-6) 6 (0-6) 0.5 (0-1) 0.025
Yesavage GDS score, median 2 (0-11) 2 (0-11) 3.5 (0-6) 0.460
Fried score, median 1 (04) 1 (04) 3 (34 0.008
Physiologic Severity Score (PSS), median 18 (13-31) 18 (13-31) 25 (21-31) 0.010
Operative Severity Score (OSS), median 13.5 (6-31) 13 (6-31) 15 (7-17) 0.609
ASA score, median 1 (1-3) 1(1-2) 1.5 (1-3) 0.510
BUPA score, median 3.5 (2-5) 3 (2-5) 4.5 (2-5) 0.487
Charlson comorbidity index score, median 5 (2-11) 5 2-11) 4.5 (4-7) 0.811

ADL Activities of Daily Living, JADL Instrumental Activities of Daily Living, MNA-SF Mini-Nutritional Assessment short form, GDS Geriatric
Depression Scale, PSS Physiologic Severity Score, OSS Operative Severity Score, ASA American Society of Anesthesiologists, BUPA British

United Provident Association

risk of decompensation. Currently, there is no consensus
regarding routine frailty assessment in preoperative eval-
uation of the older patient. Frailty assessment is useful for
evaluation of perioperative risk and may be useful to make
beneficial modifications prior to surgery [39, 41]. The
majority of studies focused on post-surgical outcomes of
frailty, and lack of evidence of correct management of
preoperative frailty to improve surgical outcomes. Future
studies that will be conducted in this direction are needed.

Another striking result of this study is that there is no
relationship between advanced age and POCs. Previous
studies have indicated that biological age was better
prognostic factor than chronological age in older patient.
Therefore, these findings support that performing CGA
preoperatively is more appropriate than depending on the
chronological age [42, 43]. It is an unnecessary concern
that geriatric patients should be withdrawn from major
surgeries because of advanced age.

The ASA physical classification is the simplest and most
widely used risk scoring system to evaluate patients’
operability, which is based on the presence of comorbidi-
ties. However, it was demonstrated in many studies like our
study that ASA was inadequate to predict postoperative

@ Springer

outcomes in older patients. In addition, the PSS and OSS
are complex and cannot be used in some cases and do not
allow preoperative risk management because of the risks
experienced during the operation as well as preoperatively
[31, 44, 45]. These methods do not take into account the
important factors that are detected by assessing frailty. Few
studies compared CGA with other preoperative risk
assessment systems [2, 46]. We compared ASA, POSSUM,
PUBA and CCI with CGA, and found that frailty was better
at predicting post-operative morbidity and delirium than
these scores. This is one of the rare studies where CGA and
frailty are evaluated together with these wide scoring
systems.

In previous studies, the rate of postoperative delirium
ranged 4-42%, whereas in our study it was 3.7%. This can
be explained by using benzodiazepine was low, alcohol
withdrawal was not observed, and the staff is trained to
prevent delirium. Consistent with our results, postoperative
delirium was significantly associated with old age in many
studies [47, 48]. In our study, CGA and frailty assessment
were shown to predict postoperative delirium [49]. Another
strength of this study compared to other studies is that,
CGA and frailty evaluation were compared with surgical
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scoring systems, ASA, POSSUM, PUBA, and these sys-
tems were found to be insufficient in predicting postoper-
ative delirium. The CCI was found to be useless in the
detection of postoperative delirium [50].

This study has several limitations. First, we used only
one frailty evaluation index. Second, delirium rate was
low; therefore multivariate analyses for delirium could not
be performed. This can be attributed to the strict imple-
mentation of measures to prevent delirium development in
surgical wards of our hospital. Finally, while many other
studies were designed to include specific disease groups,
our study included a heterogeneous group. On the other
hand, this may not be attributed as a limitation, as we
aimed to determine the impact of CGA on any kind of
surgery in old patients.

This study is the first to perform CGA and frailty
together, compare surgical risk scores, and share data on
postoperative morbidity, mortality and delirium. Despite
the shortcomings, this study is valuable because of
prospective follow-up and multidimentional evaluations.
Prospective design and close follow-up of patients allowed
accurate evaluation.

Conclusions

CGA and frailty assessment are valuable for predicting
POCs and delirium in surgical geriatric patients. CGA
enables to take necessary precautions on time in the pre-
operative period and provides more careful postoperative
management. CGA and frailty assessment should be a
routine part of preoperative assessment.

Funding None.
Compliance with ethical standards

Conflict of interest The Authors’ declares that they have no conflict
of interest.

Informed consent Informed consent was obtained from all partici-
pants included in the study.

References

1. Ghignone F, Van Leeuwen B, Montroni I et al (2016) The
assessment and management of older cancer patients: a SIOG
surgical task force survey on surgeons’ attitudes. Eur J Surg
Oncol (EJSO) 42:297-302

2. Mokutani Y, Mizushima T, Yamasaki M et al (2016) Prediction
of postoperative complications following elective surgery in
elderly patients with colorectal cancer using the comprehensive
geriatric assessment. Dig Surg 33:470-477

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Kenig J, Watega P, Olszewska U et al (2016) Geriatric assess-

ment as a qualification element for elective and emergency
cholecystectomy in older patients. World J Emerg Surg 11:36

. Knittel JG, Wildes TS (2016) Preoperative assessment of geri-

atric patients. Anesthesiol Clin 34:171-183

. Stuck AE, Siu AL, Wieland GD et al (1993) Comprehensive

geriatric assessment: a meta-analysis of controlled trials. Lancet
342:1032-1036

. Feng MA, McMillan DT, Crowell K et al (2015) Geriatric

assessment in surgical oncology: a systematic review. J Surg Res
193:265-272

. Wildiers H, Heeren P, Puts M et al (2014) International Society

of Geriatric Oncology consensus on geriatric assessment in older
patients with cancer. J Clin Oncol 32:2595

. Fried LP, Tangen CM, Walston J et al (2001) Frailty in older

adults: evidence for a phenotype. J Gerontol Ser A: Biol Sci Med
Sci 56:M146-M157

. Robinson TN, Walston JD, Brummel NE et al (2015) Frailty for

Surgeons: Review of a National Institute on Aging Conference on
Frailty for Specialists. J Am Coll Surg 221:1083-1092

Joseph B, Zangbar B, Pandit V et al (2016) Emergency general
surgery in the elderly: too old or too frail? J Am Coll Surg
222:805-813

Kim S-w, Han H-S, Jung H-w et al (2014) Multidimensional
frailty score for the prediction of postoperative mortality risk.
JAMA Surg 149:633-640

. Cooper Z, Rogers SO Jr, Ngo L et al (2016) Comparison of frailty

measures as predictors of outcomes after orthopedic surgery.
J Am Geriatr Soc 64:2464-2471

Chow WB, Rosenthal RA, Merkow RP et al (2012) Optimal
preoperative assessment of the geriatric surgical patient: a best
practices guideline from the American College of Surgeons
National Surgical Quality Improvement Program and the Amer-
ican Geriatrics Society. J] Am Coll Surg 215:453-466

Monk TG, Weldon BC, Garvan CW et al (2008) Predictors of
cognitive dysfunction after major noncardiac surgery. Anesthe-
siology 108:18-30

Stenvall M, Berggren M, Lundstrom M et al (2012) A multidis-
ciplinary intervention program improved the outcome after hip
fracture for people with dementia—subgroup analyses of a ran-
domized controlled trial. Arch Gerontol Geriatr 54:e284-e289
Chen CC-H, Li H-C, Liang J-T et al (2017) Effect of a modified
hospital elder life program on delirium and length of hospital stay
in patients undergoing abdominal surgery: a cluster randomized
clinical trial. JAMA Surg 152:827-834

Katz S, Ford AB, Moskowitz RW et al (1963) Studies of illness in
the aged. the index of adl: a standardized measure of biological
and psychosocial function. JAMA 185:914-919

Lawton MP, Brody EM (1969) Assessment of older people: self-
maintaining and instrumental activities of daily living. Geron-
tologist 9:179-186

Arik G, Varan HD, Yavuz BB et al (2015) Validation of Katz
index of independence in activities of daily living in Turkish
older adults. Arch Gerontol Geriatr 61:344-350

Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental
state”. A practical method for grading the cognitive state of
patients for the clinician. J Psychiatr Res 12:189-198

Giingen C, Ertan T, Eker E et al (2002) Standardize mini mental
test’in Tiirk toplumunda hafif demans tan» s» nda gecerlik ve
giivenilirligi. Tiirk Psikiyatri Dergisi 13:273-281

Stahelin HB, Monsch AU, Spiegel R (1997) Early diagnosis of
dementia via a two-step screening and diagnostic procedure. Int
Psychogeriatr 9(Suppl 1):123-130

Yesavage JA (1988) Geriatric depression scale. Psychopharmacol
Bull 24:709-711

@ Springer



3736

World J Surg (2020) 44:3729-3736

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Rubenstein LZ, Harker JO, Salva A et al (2001) Screening for
undernutrition in geriatric practice: developing the short-form
mini-nutritional assessment (MNA-SF). J Gerontol A Biol Sci
Med Sci 56:M366-372

Sarikaya D, Halil M, Kuyumcu ME et al (2015) Mini nutritional
assessment test long and short form are valid screening tools in
Turkish older adults. Arch Gerontol Geriatr 61:56-60

Copeland G, Jones D, Walters M (1991) POSSUM: a scoring
system for surgical audit. Br J Surg 78:355-360

Saklad M (1941) Grading of patients for surgical procedures.
Anesthesiol J] Am Soc Anesthesiol 2:281-284

Abete P, Cherubini A, Di Bari M et al (2016) Does compre-
hensive geriatric assessment improve the estimate of surgical risk
in elderly patients? An Italian multicenter observational study.
Am J Surg 211(76-83):e72

Charlson ME, Pompei P, Ales KL et al (1987) A new method of
classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis 40:373-383

Bellelli G, Morandi A, Davis DH et al (2014) Validation of the
4AT, a new instrument for rapid delirium screening: a study in
234 hospitalised older people. Age Ageing 43:496-502
Tominaga T, Takeshita H, Takagi K et al (2016) E-PASS score as
a useful predictor of postoperative complications and mortality
after colorectal surgery in elderly patients. Int J Colorectal Dis
31:217-225

Lee YH, Oh H-K, Kim D-W et al (2016) Use of a comprehensive
geriatric assessment to predict short-term postoperative outcome
in elderly patients with colorectal cancer. Ann Coloproctol
32:161

Audisio RA, Pope D, Ramesh HSJ et al (2008) Shall we operate?
Preoperative assessment in elderly cancer patients (PACE) can
help: A SIOG surgical task force prospective study. Crit Rev
Oncol Hematol 65:156-163

Fagard K, Casaer J, Wolthuis A et al (2017) Value of geriatric
screening and assessment in predicting postoperative complica-
tions in patients older than 70 years undergoing surgery for col-
orectal cancer. J Geriatr Oncol 8:320-327

Kenig J, Olszewska U, Zychiewicz B et al (2015) Cumulative
deficit model of geriatric assessment to predict the postoperative
outcomes of older patients with solid abdominal cancer. J Geriatr
Oncol 6:370-379

Kristjansson SR, Jordhgy MS, Nesbakken A et al (2010) Which
elements of a comprehensive geriatric assessment (CGA) predict
post-operative complications and early mortality after colorectal
cancer surgery? J Geriatr Oncol 1:57-65

Hodari A, Hammoud ZT, Borgi JF et al (2013) Assessment of
morbidity and mortality after esophagectomy using a modified
frailty index. Ann Thorac Surg 96:1240-1245

Obeid NM, Azuh O, Reddy S et al (2012) Predictors of critical
care-related complications in colectomy patients using the

@ Springer

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

National Surgical Quality Improvement Program: exploring
frailty and aggressive laparoscopic approaches. J Trauma Acute
Care Surg 72:878-883

Makary MA, Segev DL, Pronovost PJ et al (2010) Frailty as a
predictor of surgical outcomes in older patients. ] Am Coll Surg
210:901-908

Seib CD, Rochefort H, Chomsky-Higgins K et al (2018) Asso-
ciation of patient frailty with increased morbidity after common
ambulatory general surgery operations. JAMA Surg 153:160-168
Partridge J, Harari D, Martin F et al (2014) The impact of pre-
operative comprehensive geriatric assessment on postoperative
outcomes in older patients undergoing scheduled surgery: a sys-
tematic review. Anaesthesia 69:8-16

Turrentine FE, Wang H, Simpson VB et al (2006) Surgical risk
factors, morbidity, and mortality in elderly patients. J] Am Coll
Surg 203:865-877

Tan K, Kawamura Y, Mizokami K et al (2009) Colorectal surgery
in octogenarian patients—outcomes and predictors of morbidity.
Int J Colorectal Dis 24:185-189

Gomes A, Rocha R, Marinho R et al (2015) Colorectal surgical
mortality and morbidity in elderly patients: comparison of
POSSUM, P-POSSUM, CR-POSSUM, and CR-BHOM. Int J
Colorectal Dis 30:173-179

Koo CY, Hyder JA, Wanderer JP et al (2015) A meta-analysis of
the predictive accuracy of postoperative mortality using the
American Society of Anesthesiologists’ physical status classifi-
cation system. World J Surg 39:88-103. https://doi.org/10.1007/
$00268-014-2783-9

Caillet P, Laurent M, Bastuji-Garin S et al (2014) Optimal
management of elderly cancer patients: usefulness of the Com-
prehensive Geriatric Assessment. Clin Interv Aging 9:1645
Raats JW, van Eijsden WA, Crolla RM et al (2015) Risk factors
and outcomes for postoperative delirium after major surgery in
elderly patients. PLoS ONE 10:e0136071

Jeong YM, Lee E, Kim K-I et al (2016) Association of pre-
operative medication use with post-operative delirium in surgical
oncology patients receiving comprehensive geriatric assessment.
BMC Geriatr 16:134

Watt J, Tricco AC, Talbot-Hamon C et al (2018) Identifying
older adults at risk of delirium following elective surgery: a
systematic review and meta-analysis. J Gen Intern Med
33:500-509

Barr J, Fraser GL, Puntillo K et al (2013) Clinical practice
guidelines for the management of pain, agitation, and delirium in
adult patients in the intensive care unit. Crit Care Med
41:263-306

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00268-014-2783-9
https://doi.org/10.1007/s00268-014-2783-9

	Does Preoperative Comprehensive Geriatric Assessment and Frailty Predict Postoperative Complications?
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Participants
	Comprehensive geriatric assessment
	Surgical scores and preoperative risk assessment
	Delirium assessment
	Morbidity and mortality evaluation
	Ethics
	Statistical analyses

	Results
	Preoperative patient characteristics
	Postoperative morbidity
	Frailty
	Postoperative delirium
	Mortality

	Discussion
	Conclusions
	Funding
	References




