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Abstract
Background: Older patients experience a higher incidence of postoperative complications after cholecystectomy
compared with younger patients. However, most studies have not considered patient frailty, particularly regarding
emergency cholecystectomy. The aim of this prospective study was to evaluate outcomes in frail older patients
eligible for elective and emergency cholecystectomy.
Methods: Preoperative Geriatric Assessment (GA) was performed in consecutive patients aged 65+ years, operated
for biliary disease. The GA evaluated the functional, cognitive, comorbidity, depressive, nutritional, and
polypharmacy status and patients with two or more abnormal domains were considered frail. Outcomes of interest
were 30-day postoperative mortality, morbidity, and length of hospital stay (LOS).
Results: A total of 126 patients (median age 74; range 65–93 years) were included. There was no difference between
elective frail and non-frail patients regarding postoperative mortality (0 %) and morbidity (6 % vs. 5 %; p = 0.76). LOS
was not significantly longer in the frail group (5.6 vs. 4 days; p = 0.22). In the emergency-admitted patients, almost all
complications occurred in the frail population (mortality 5 % vs. 0 %; morbidity 36.7 % vs. 3.3 %, compared with nonfrail patients, respectively; p < 0.01) and LOS was significantly longer (10.3 (frail) vs. 6 days (non-frail);p = 0.03). Frail status
was a significant independent predictive factor for postoperative complications in the emergency population, only
(odds ratio: 3.4 (1.2–9.7); p = 0.02).
Conclusions: Elective laparoscopic cholecystectomy is a safe and effective surgical technique also for older frail
patients. In emergency settings, frail patients have significantly more complications and a longer LOS. However, the
role of severity of frailty and the most reliable GA tools require further study.
Trial registration: ISRCTN14976998 (retrospectively registered)
Keywords: Geriatric assessment, Frailty, Surgery in older patients, Cholecystectomy

Background
Several studies, concerning surgical treatment of biliary
disease, have shown that older patients more often have
complicated gallstone disease, more emergency and
open operations, higher postoperative morbidity and
mortality rates, and a longer postoperative hospital stay
compared with younger patients [1–6]. However, most
studies have not considered the larger heterogeneity of
co-morbidity and physical strength in this group of patients, which further contributes to the complexity of
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treatment. This relates especially to frail patients who
have reduced physiologic reserve associated with increased susceptibility to disability because of age-related
loss of physical, cognitive, social, and physiological functioning [7]. In these patients, standard preoperative
medical history, physical examination, biochemistry, and
imaging tests often do not provide the information
needed for optimal and tailored treatment, leading to
both under- and overtreatment [8]. On the other hand, a
Geriatric Assessment (GA), can provide a comprehensive health appraisal to guide targeted geriatric interventions and appropriate treatment selection [7, 8]. This
systemic approach was mostly investigated in surgical,
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oncologic patients [9] but not among patients with biliary diseases apart from one study by Lasithiotakis et al.
[10]. Furthermore, the appropriate assessment can be
even more complex in case of patients with acute cholecystitis. At present, such “patient-related” treatment
guidelines do not exist, taking into consideration local
pathological changes, patient clinical status and the subsequent treatment decisions [11]. Therefore, the aim of
this prospective study was to evaluate postoperative outcomes in frail older patients eligible for elective and
emergency cholecystectomy. To our knowledge, this is
the first prospective study to assess the outcome of frail
older patients undergoing emergency cholecystectomy.

The results of each test were recorded and each test
was also scored on a dichotomous scale, based on
whether an impairment in any of the parameters was
present.
All operations were performed by residents under the
direct supervision of a consultant (who also served as
the first assistant) or by the consultants themselves. Laparoscopic cholecystectomy was performed using a standard three- or four-port technique and all emergency
patients were treated surgically within 24 h after admission. Severity grading for the acute cholecystitis patients
was according to the 2013 Tokyo Guidelines [12].

Methods

Frailty model

Study population

A cumulative deficit model of frailty was used. The
equally weighted deficits, as a measure of accumulated
vulnerability, included ADL/IADL, Geriatric Depression
Score, BOMC/CDT, the Mini-Nutritional Assessment,
CCS, and the Polypharmacy Assessment. The functional
(ADL/IADL) and cognitive domains (BOMC/CDT) were
considered abnormal if one of the assessment tools
showed literature-based impairment. The detection of
deficits in two or more GA domains indicated an increased risk of disability or death and was used as the
cut-off score for the GA set and also as the definition of
frailty.

Between June 2014 and December 2015, we prospectively
enrolled consecutive patients over 65 years of age with
symptomatic gallstone disease, acute cholecystitis requiring elective or emergency surgery, respectively. The study
was conducted at a tertiary referral hospital. The ethics
committee approved this study and informed consent was
obtained from all patients or their caregivers.
Inclusion criteria for the elective patients were symptomatic and sonographically detected cholelithiasis. Inclusion criteria for the emergency patients were acute
cholecystitis according to the 2013 Tokyo Guidelines
[12]. Patients with pancreatitis at the time of surgery
were excluded. Three patients who were unable to give
consent or answer the GA questions were excluded and
two additional patients were excluded because of incomplete data.
Study protocol

All patients were assessed using the GA, which was performed on the day of admission by trained physicians or,
for emergency patients, by trained physicians or nurses.
The GA comprised the validated instruments presented
in the Table 1, with the range and the literature-based
cut-off scores [13–20].

Outcome measures

The primary outcome, complications, was defined as any
event occurring within 30 days of surgery that required
treatment not routinely applied in the post-operative
period. The severity of predefined complications was classified according to the Clavien–Dindo scale [21]. Grade I
and II complications were classified as minor morbidity,
and Grade III and IV complications as major morbidity.
Postoperative mortality was defined as death within
30 days after surgery. LOS was calculated as the period
from the admission day until discharge from hospital.

Table 1 Glossary of the tests used in the geriatric assessment with the range and the literature-based cut-off scores
TEST
ADL [13]

Functional status

IADL [14]
BOMC Test [15]

Cognitive assessment

CDT-test [16]

NUMBER OF ITEMS

RANGE

CUT-OFF SCORE

6

0–6

<5

8

0–8

≤7

6

0–28

>10

7

0–7

>3

Charlson Comorbidity Scale [17]

Comorbidity

19

0–37

>3

Geriatric Depression Scale [18]

Depression

15

0–15

>5

MNA full [19]

Nutritional assessment

18

0–30

<24

Polypharmacy [20]

Polypharmacy

1

0-∞

≥5 drugs/day

ADL Activities of daily living, IADL Instrumental Activities of Daily Living, BOMC Blessed Orientation-Memory-Concentration Test, CDT Clock Drawing Test, CCS
Charlson Comorbidity Scale, GDS Geriatric Depression Scale, MNA Mini Nutritional Assessment
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Statistical analysis

Table 2 Patients’ baseline characteristics

The data were analyzed using Statistica 10.0 software
(StatSoft, Krakow, Poland). Categorical variables are described as percentages of the total population, while
continuous variables are reported as the median and
range. Pearson’s chi-square or Fisher’s exact test was
used to compare categorical variables and the unpaired
Student’s t-test was used for comparisons.
Univariate and multivariate analysis was conducted to
investigate the association between the GA set and 30day postoperative morbidity (including a comparison of
“any” with “no” complications and “major” with “no/
minor” complications), adjusted for age and sex. Because
of the small number of fatal events, postoperative mortality was not analyzed separately but as part of the
“major morbidity” category. Statistical significance was
defined as two-sided p ≤ 0.05.

Factor

Elective patients

Emergency patients

Number (female/male ratio) [n]

66 (48/18)

60 (34/26)

• 65–74 / 75–84 / 85+ [n]

40/20/6

25/27/8

Median age [years (range)]

71 (65–86)

76 (65–93)

•0

19

5

•1

34

24

•2

12

12

•3

1

16

•4

0

3

Results
The study sample comprised 66 elective patients (48 female and 18 male) and 60 emergency-admitted patients
(34 female and 26 male). The median age was significantly lower among elective patients: 71 vs. 76 years of
age; p < 0.01. Patients’ baseline characteristics are shown
in Table 2.
Laparoscopic cholecystectomy was successfully performed in 57 (86 %) elective and 42 (70 %) emergency
patients. The conversion to open cholecystectomy was
performed in two patients (3 %) in the elective group
and in five patients (8.3 %) in the emergency group.
Seven (10.6 %) and 13 (21.7 %) patients had primary
open cholecystectomy in the elective and emergency
group, respectively, due to severe pulmonary and/or cardiac comorbidities after consultation with the anesthesiologists, numerous laparotomies in the upper abdomen.
The mean operation time was 79 min (range, 30–
180 min). Emergency frail patients had a nonsignificantly longer operation time compared with emergency fit patients (85 vs. 71 min; p = 0.14). There was no
difference between frail and fit patients operated electively (77 vs. 76 min; p = 0.87).
The severity of acute cholecystitis in emergency admitted patients according to the revised 2013 Tokyo
Guidelines was as follows: Grade I: two patients
(3.3 %); Grade II: 39 patients (65 %); and Grade III:
19 patients (31.7 %).
Descriptive analysis of the GA components and frailty
frequency

The Table 3 presents the results of the GA instruments
with literature-based cut-off scores and the proportion
of patients who had abnormal results in the test.
Table 4 shows the results of the cumulative deficit
model of the GA. The frequency of frailty was significantly

ECOG-PS [44] [n]:

ASA [45] [n]:
•1

8

1

•2

48

25

•3

10

30

•4

0

4

ECOG-PS Eastern Cooperative Oncology Group performance status, ASA
American Society of Anesthesiologists

higher among emergency patients compared with elective
patients (34 vs. 46 patients, respectively; p < 0.01). The cumulative number of abnormal domains among frail patients was between two and five (elective patients) and
between two and six (emergency patients). Additionally,
significantly more frail emergency patients had Grade III
(severe) acute cholecystitis according to the 2013 Tokyo
Guidelines (17 vs. three patients, (frail emergency patients
vs. fit emergency patients, respectively); p < 0.01).
Outcomes

The discharge status was to home in all elective cases
and to skilled nursing facilities in 8.3 % (n = 5) of emergency patients. There were no readmissions and there
was no mortality among the elective patients. In the
emergency group, the 30-day mortality was 5 % (n = 3)
with patients dying on the 1st, 3rd, and 10th postoperative day because of progressive circulatory insufficiency.
The 30-day morbidity was 10.6 % (including 6.1 % major
morbidities) and 36.7 % (including 10 % major morbidities), in the elective vs. the emergency group of patients,
respectively. Comparing the incidence of both 30-day
postoperative overall and major complications between
frail and non-frail patients, there was no statistically significant difference (6 % vs. 5 %, p = 0.76) in the elective
group. All four occurrences of major complications
(postoperative bleeding, bile leakage, abscess formation)
in the elective group were observed among patients with
chronic severe inflammatory processes and were connected to the surgical technique. In comparison, in the
emergency group, almost all mortality and major complications were observed in the frail populations (36.7 vs.
3.3 %; p < 0.01) - Table 5.
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Table 3 Elements of the Geriatric Assessment with the
proportion of patients with abnormal test results
TEST

ELECTIVE
PATIENTS [n] (%)

EMERGENCY
PATIENTS [n] (%)

0 (0 %)

10 (17 %)

2 (3 %)

19 (32 %)

10 (15 %)

24 (40 %)

4 (6 %)

19 (32 %)

25 (38 %)

25 (42 %)

13 (20 %)

19 (32 %)

9 (14 %)

27 (45 %)

21 (32 %)

29 (48 %)

ADL (cut-off score <5)
• Dependent
IADL (cut-off score ≤7)
• Dependent
MNA full
(cut-off score <24)
• Malnutrition
BOMC
(cut-off score >10)
• Impaired
CDT-test (cut-off score >3)
• Impaired
GDS (cut-off score >5)
• Depressed
CCS (cut-off score ≥3)
• ≥3
Polypharmacy
• >5 drugs/day

ADL Activities of Daily Living, IADL Instrumental Activities of Daily Living, MNA
Mini Nutritional Assessment, BOMC Blessed Orientation-MemoryConcentration, CDT-test Test, Clock Drawing Test ; CCS Charlson Comorbidity
Scale, GDS Geriatric Depression Scale, p > 5 Polypharmacy >5 drugs/day

Comparing the LOS of frail and non-frail patients,
the frail group had non-significantly longer mean hospital stay (5.6 vs. 4 days; p = 0.22) in the elective
group. In the emergency group, the LOS was significantly longer among frail patients (10.3 vs. 6 days,
frail emergency patients vs. non-frail emergency patients, respectively; p = 0.03).
Cumulative effect of GA in determining surgical outcome

The results of the univariate and multivariate logistic regression analysis showed that age and sex did not increase the surgical risk either in the elective or the
emergency group. The frailty status was not predictive
of all and major postoperative complications in the
elective group. In turn, frailty was an independent risk
factor for all complications in the emergency group. It
Table 4 Validated assessment tools used in the Geriatric
Assessment, with frailty frequency
GERIATRIC ASSESSMENT

ELECTIVE
PATIENTS

EMERGENCY
PATIENTS

ADL/IADL + MNA + BOMC/CDT + CCS +
GDS + Polypharmacy (>5 drugs/day)

34 (51.5 %) 46 (76.7 %)

ADL Activities of daily living, IADL Instrumental Activities of Daily Living, MNA
Mini Nutritional Assessment, BOMC Blessed Orientation-MemoryConcentration, Test, CDT Clock Drawing Test, CCS Charlson Comorbidity Scale,
GDS Geriatric Depression Scale
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was not possible to build a model for the major complications in the emergency group because of an insufficient number of patients in this subgroup (major
complications were observed only among frail patients).
The results of the multivariate logistic regression are
presented in Table 6.

Discussion
In this study, almost half of the elective and two thirds
of the emergency older patients were frail. However, the
procedure was performed safely with no 30-day postoperative mortality and a low number of major complications, for both frail and non-frail elective patients. In
contrast, we encountered poorer outcomes in emergency
operated patients. All of the cases of mortality and major
comorbidity occurred in frail emergency patients, which
was confirmed by regression analysis. Frail status was
not a risk factor for overall and major postoperative
complications in the elective group but was a significant
independent predictive factor for postoperative complications in the emergency population. Similarly, the LOS
was not significantly longer in the elective frail group of
patients and was significantly longer in the emergency
frail population.
Published studies show that elective laparoscopic
cholecystectomy is a feasible and safe procedure in older
patients, including in a group of octogenarians. The authors report no or single cases of mortality and usually a
higher, but acceptable, rate of postoperative complications when compared with a younger population [1–6,
22, 23]. However, the authors of a meta-analysis of laparoscopic versus open cholecystectomy in older patients,
including studies up to June 2013, concluded that
further high-quality evidence is necessary to draw definitive conclusions, although the best available evidence
supports the selective use of laparoscopy [24]. Older patients with acute cholecystitis have more frequent primary open cholecystectomies, a higher conversion rate
and, in most studies, a worse postoperative outcome
[25–28]. We obtained similar results with no mortality
in the elective population, a low postoperative complication rate, and most of the procedures were performed
using minimally invasive techniques. Similar to other
studies, older patients with acute cholecystitis had a
higher rate of mortality, morbidity, primary open cholecystectomies, and conversions in our study. However,
the frailty factor was not considered in these studies and
advanced age alone is not necessarily synonymous with
vulnerability to adverse health outcomes.
Another problem with the frailty concept is the choice
of the best assessment model, which is still debatable.
Three of them are most frequently cited in the current
literature: the multi-domain GA, the cumulative deficit
score (CDS), and the frailty phenotype model [7]. Most
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Table 5 Severity of all postoperative complications according to
the Clavien–Dindo classification among frail and non-frail elective
and emergency patients
ClavienDindo
classification

Number of complications
Elective patients

Emergency patients

Frail

Non-frail

Frail

Non-frail

Grade I

1

1

1

1

Grade II

2

1

10

2

Grade IIIa

0

0

1

0

Grade IIIb

2

2

2

0

Grade IVa

0

0

5

0

Grade IVb

0

0

0

0

Grade V

0

0

3

0

trials evaluating the multi-domain GA in surgical patients have analyzed the relationship between individual
elements of the GA and the outcomes, showing a statistically significant predictive possibility of postoperative
complications [29–32]. In our study, domains as a single
risk factor were not relevant in the elective patients,
both in the univariate and multivariate regression
analysis. In turn, in the emergency group some domains
(I-ADL, CDT, CCI, Polypharmacy) turned out to be the
risk factor of postoperative outcome, however, only in
the univariate analysis (data not included in the paper).
Robinson et al. and Kim KI et al. showed that a cumulative deficit frailty score was independently associated
with postoperative mortality [33, 34]. Similarly, in our
previous study, this model turned out to be also predictive of 30-day postoperative morbidity in oncologic patients with solid cancer eligible for abdominal surgery.
However, the number of incorporated GA domains had
a great influence on the prevalence of frailty and on adequate surgical risk assessment [35]. Another problem is
the cut-off of two abnormal domains, which was used as
a frailty definition in our study. We extrapolated the
guidelines of Geriatric Assessment used by the SIOG in
the older oncologic patients [36]. However, there is still
no “golden standard” regarding the number of impaired
domains that should be considered as a frailty marker.
Kristjansson et al., Kwang-il et al., Tan et al., and Makary et al. used a frailty phenotype model and observed

Page 5 of 7

that impairments were also independently associated
with adverse in-hospital events, prolonged LOS, and
post-discharge institutionalization [37–40].
However, none of these studies analyzed exclusively
patients eligible for cholecystectomy. Lasithiotakis et al.
performed the only study including a frailty assessment
in 57 older patients eligible for elective laparoscopic
cholecystectomy. In contrast to our results, they observed that the GA might predict 30-day postoperative
complications and a prolonged stay. This and our study
have common features: similar median age, a cumulative
model used to assess frailty (with five out of six similar
domains and the same cut-offs), almost the same number of patients identified as frail (56.1 vs. 51.5 %), and a
similar method of reporting outcomes [10]. However,
our study has a few important differences. The study by
Lasithiotakis et al. included only patients with uncomplicated biliary disease whereas our study included consecutive patients also presenting with severe chronic
cholecystitis (intraoperative finding in patients admitted
electively) and these patients experienced the major
postoperative complications. Unfortunately, our study
period included the highest number of bile leakages ever
experienced in our institution, in both the fit and frail
groups. Moreover, our study included also the Geriatric
Depression Scale in the frailty assessment, which is a
proven predictor of postoperative adverse outcome [41].
Although, we are in favor of the use of the cumulative
deficit model, it still remains unclear which measure of
frailty should be used in surgical patients. All of the
frailty models evaluate the same concept but from a different perspective and further research is needed to determine the best approach.
It is also important to note the severity of acute cholecystitis in our case series. Previous studies have shown
that perioperative outcomes are influenced by the severity
of gallbladder disease rather than chronological age [42].
In our emergency population, only 3 % of patients had a
Grade I score and more than one third had Grade III
acute cholecystitis according to the 2013 Tokyo Guidelines, which is one of the highest reported results. Moreover, the timing of the surgery plays an important role
[43] but this factor was not significant in regression and
correlation analysis (data not presented) in our study.

Table 6 Results of the multivariate logistic regression of the cumulative number of impairments in the Geriatric Assessment set on
postoperative outcome (adjusted by age, sex)
GERIATRIC ASSESSMENT
ADL/IADL + MNA + BOMC/CDT + CCS
+ GDS + Polypharmacy (>5 drugs/day)

ELECTIVE PATIENTS OR (95 % CI)

EMERGENCY PATIENTS OR (95 % CI)

ALL

MAJOR

ALL

MAJOR

1.2 (0.5-2.7) p = 0.63

0.89 (0.3-2.6) p = 0.84

3.4 (1.2-9.7) p = 0.02

-a

All variables were considered dichotomous; OR odds ratio, 95% CI 95% confidence interval, The statistically significant values appear in bold font; aThere were no
cases of major complications in the non-frail group. ADL Activities of Daily Living, IADL Instrumental Activities of Daily Living, MNA Mini Nutritional Assessment,
BOMC Blessed Orientation-Memory-Concentration ,Test, CDT Clock Drawing Test, CCS Charlson Comorbidity Scale, GDS Geriatric Depression Scale
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We believe that the severity of the surgical insult is of
great importance in frail patients. In our study, in patients eligible for elective cholecystectomy, this factor
did not appear to be strong enough to influence the reduced physiologic reserve and outcomes in frail patients
and this could be a result of further heterogeneity within
this population. The identification of frailty alone appears to be insufficient in patients undergoing surgery
and it should be supported by its magnitude. The number of abnormal deficits in the cumulative model of
frailty could be one such factor. Additionally, meticulous
surgical technique in experienced hands is of paramount
importance for this particular group. Therefore, the influence of the surgeon, the surgical technique, and the
reaction of the patient’s body to the stress connected
with the operative procedure in the context of frailty require further study.

Conclusion
Elective laparoscopic cholecystectomy is a safe and effective surgical technique also for older frail patients. In
emergency settings, frail patients have significantly more
complications and a longer LOS compared with the fit
population. However, the role of severity of frailty and
the most reliable GA tools require further study.
Abbreviations
ADL, activities of daily living; ASA score, the American Society of
Anesthesiologist’s score; BOMC, the blessed orientation-memory-concentration
test; CCS, the charlson comorbidity scale; CDS, the cumulative deficit score;
CDT, the clock drawing test (CDT); ECOG-PS, the performance status eastern
cooperative oncology group performance status; GA, geriatric assessment; GDS,
the geriatric depression scale; IADL, instrumental activities of daily living; LOS,
length of hospital stay; MNA, the mini nutritional assessment
Acknowledgments
We thank all of the nurses in the Surgical Department for their help during
the study period.
Funding
This research received no specific grant from any funding agency,
commercial or not-for-profit sectors.
Availability of data and materials
The data and materials are not available because consent for such an action
was not taken from the participants.
Authors’ contributions
JK - Study conception and design, Acquisition of data, Analysis and
interpretation of data. Drafting of manuscript; PW - Acquisition of data,
Drafting of manuscript; UO - Acquisition of data, Drafting of manuscript; AK Acquisition of data, Drafting of manuscript; WN - Drafting of manuscript,
Critical revision of manuscript All authors read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
The authors assert this manuscript does not contain any individual person’s
data in any form.

Page 6 of 7

Ethics approval and consent to participate
The ethics committee of the Jagiellonian University Medical College
approved this study and the informed consent was obtained from all
patients or their caregivers.
Received: 9 May 2016 Accepted: 23 July 2016

References
1. Pessaux P, Tuech J-J, Derouet N, Rouge C, Regenet N, Arnaud J-P.
Laparoscopic cholecystectomy in the elderly. Surg Endosc. 2000;14:1067–69.
2. Brunt LM, Quasebarth MA, Dunnegan DL, Soper NJ. Outcomes analysis
of laparoscopic cholecystectomy in the extremely elderly. Surg Endosc.
2001;15:700–5.
3. Weber D. Laparoscopic surgery, an excellent approach in elderly patients.
Arch Surg. 2003;138:1083–88.
4. Uecker J, Adams M, Skipper K, Dunn E. Cholecystitis in the octogenarian: is
laparoscopic cholecystectomy the best approach? Am Surg. 2001;67:637–40.
5. Nielsen LBJ, Harboe MK, Bardram L. Cholecystectomy for the elderly: no
hesitation for otherwise healthy patients. Surg Endosc. 2014;28:171–77.
6. Agrusa A, Romano G, Frazzetta G, Chianetta D, Sorce V, Di Buono G, Gulotta
G. Role and outcomes of laparoscopic cholecystectomy in the elderly. Int J
Surg. 2014;12:37–9.
7. Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM, Bernabei R, Cesari M,
Chumlea WC, Doehner W, Evans J, Fried LP, Guralnik JM, Katz PR,
Malmstrom TK, McCarter RJ, Gutierrez Robledo LM, Rockwood K, von
Haehling S, Vandewoude MF, Walston J. Frailty consensus: a call to action. J
Am Med Dir Assoc. 2013;14(6):392–7.
8. Rubenstein LZ, Stuck AE, Siu AL, Wieland D. Impacts of geriatric evaluation
and management programs on defined outcomes: overview of the
evidence. J Am Geriatr Soc. 1991;39:8–16.
9. Puts MTE, Hardt J, Monette J, Girre V, Springall E, Alibhai SM. Use of geriatric
assessment for older adults in the oncology setting: a systematic review. J
Natl Cancer Inst. 2012;104(15):1134–64.
10. Lasithiotakis K, Petrakis J, Venianaki M, Georgiades G, Koutsomanolis
D, Andreou A, Zoras O, Chalkiadakis G. Frailty predicts outcome of
elective laparoscopic cholecystectomy in geriatric patients. Surg
Endosc. 2013;27:1144–50.
11. Campanile FC, Catena F, Coccolini F, Lotti M, Piazzalunga D, Pisano M,
Ansaloni L. The need for new “patient-related” guidelines for the treatment
of acute cholecystitis. World J Emerg Surg. 2011;6:44–6.
12. Takada T, Strasberg SM, Solomkin JS, Pitt HA, Gomi H, Yoshida M, Mayumi T,
Miura F, Gouma DJ, Garden OJ, Büchler MW, Kiriyama S, Yokoe M, Kimura Y,
Tsuyuguchi T, Itoi T, Gabata T, Higuchi R, Okamoto K, Hata J, Murata A,
Kusachi S, Windsor JA, Supe AN, Lee S, Chen XP, Yamashita Y, Hirata K, Inui
K, Sumiyama Y. Tokyo guidelines revision committee. TG13: updated Tokyo
guidelines for the management of acute cholangitis and cholecystitis. J
Hepatobiliary Pancreat Sci. 2013;20(1):1–7.
13. Katz S, Akpom CA. A measure of primary sociobiological function. Int J
Health Serv. 1976;6:493–507.
14. Lawton MP, Brody EM. Assessment of older people: self-maintaining and
instrumental activities of daily living. Gerontologist. 1969;9:179–86.
15. Tomlinson BE, Roth M. The association between quantitative measures of
dementia and senile change in cerebral grey matter of elderly subjects. Br J
Psychiat. 1968;114:797–811.
16. Watson YI, Arfken CL, Birge SL. Clock completion: an objective screening
test for dementia. J Am Geriatr Soc. 1993;41:1235–40.
17. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40:373–83.
18. Brink TL, Yesavage JA, Lum O, Heersema P, Adey MB, Rose TL. Screening
test for geriatric depression. Clin Gerontol. 1982;1:37–44.
19. Guigoz Y, Vellas B, Garry PJ. Mini nutritional assessment: a practical
assessment tool for grading the nutritional state of elderly patients. Facts
Res Gerontol. 1994;2:15–59.
20. Curtis LH, Ostbye T, Sendersky V, Hutchison S, Dans PE, Wright A, Woosley
RL, Shulman KA. Inappropriate prescribing for elderly Americans in a large
outpatient population. Arch Intern Med. 2004;164:1621–25.
21. Dindo D, Demartines N, Clavien PA. Classification of surgical complications.
A New proposal with evaluation in a cohort of 6336 patients and results of
a survey. Ann Surg. 2004;240:205–13.

Kenig et al. World Journal of Emergency Surgery (2016) 11:36

22. Chung JY, Chang WY, Lin TW, Lu JR, Yang MW, Lin CC, Chang CJ, Chou AH.
An analysis of surgical outcomes in patients aged 80 years and older. Acta
Anaesthesiol Taiwan. 2014;52(4):153–8.
23. Fukami Y, Kurumiya Y, Mizuno K, Sekoguchi E, Kobayashi S. Cholecystectomy in
octogenarians: be careful. Update Surg. 2014;66(4):265–68.
24. Antoniou SA, Antoniou GA, Koch OO, Pointer R, Granderath FA. Metaanalysis of laparoscopic vs open cholecystectomy in elderly patients. World
J Gastroenterol. 2014;20(46):17626–34.
25. Teixeira JP, Ribeiro C, Pinho A, Graca L, Moreira LM, Maia JC. Laparoscopic
cholecystectomy in acute cholecystitis in the elderly.
Hepatogastroenterology. 2014;61(129):18–21.
26. Chang WT, Yu FJ, Hsieh MY, Huang MC, Lee KT, Chen JS. Laparoscopic
cholecystectomy in aged patients. Hepatogastroenterology. 2009;56(93):
950–55.
27. Polychronidis A, Botaitis S, Tsaroucha A, Tripsianis G, Bounovas A, Pitiakoudis
M, Simopoulos C. Laparoscopic cholecystectomy in elderly patients. J
Gastrointestin Liver Dis. 2008;17(3):309–13.
28. Lee S, Na B-G, Yoo Y-S, Mun S-P, Choi N-K. Clinical outcome for laparoscopic
cholecystectomy in extremely elderly patients. Ann Surg Treat Res. 2015;
88(3):145–51.
29. Audisio R. And PACE study participants. Shall we operate? preoperative
assessment in elderly cancer patients (PACE) can help. A SIOG surgical task
force prospective study. Crit Rev Oncol Hematol. 2008;65:156–63.
30. Kothari A, Phillips S, Bretl T, Block K, Weigel T. Components of geriatric
assessment predict thoracic surgery outcomes. J Surg Res. 2011;166:5–13.
31. Kristjansson SR, Jordhøy MS, Nesbakken A, Skovlunde BA, Johannessen H,
Wyller TB. Which elements of a comprehensive geriatric assessment (CGA)
predict post-operative complications and early mortality after colorectal
cancer surgery? J Geriatr Oncol. 2010;1:57–65.
32. Fukuse T, Satoda N, Hijiya K, Fujinaga T. Importance of a comprehensive
geriatric assessment in prediction of complications following thoracic
surgery in elderly patients. Chest. 2005;127:886–91.
33. Robinson TN, Eiseman B, Wallace JI, Church SD, McFann KK, Pfister SM,
Sharp TJ, Moss M. Redefining geriatric preoperative assessment using frailty,
disability and co-morbidity. Ann Surg. 2009;250:449–55.
34. Kim KI, Park KH, Koo KH, Han HS, Kim CH. Comprehensive geriatric
assessment can predict postoperative morbidity and mortality in elderly
patients undergoing elective surgery. Arch Geront Geriat. 2013;56:507–12.
35. Kenig J, Olszewska U, Zychiewicz B, Barczynski M. Mituś-Kenig M (2015)
Cumulative deficit model of geriatric assessment to predict the
postoperative outcomes of older patient with solid abdominal cancer. J
Geriatr Oncol. 2015;6(5):370–9.
36. Wildiers H, Heeren P, Puts M, Topinkova E, Janssen-Heijnen M, Extermann M,
Falandry C, Artz A, Brain E, Colloca G, Flamaing J, Karnakis T, Kenis C, Audisio
R, Mohile S, Repetto L, Van Leeuwen B, Milisen K, Hurria A. International
society of geriatric oncology consensus on geriatric assessment in older
patients with cancer. Clin Oncol. 2014;32:2595–603.
37. Kristjansson SR, Nesbakken A, Jordhoy MS, Skovlund E, Audisio RA,
Johannessen HO, Bakka A, Wyller TB. Comprehensive geriatric assessment
can predict complications in elderly patients after elective surgery for
colorectal cancer: a prospective observational cohort study. Crit Rev Oncol
Hematol. 2010;76:208–17.
38. Tan KY, Kawamura YJ, Tokomitsu A, Tang T. Assessment for frailty is useful for
predicting morbidity in elderly patients undergoing colorectal cancer resection
whose comorbidities are already optimized. Am J Surg. 2012;204:139–43.
39. Makary MA, Segev DL, Pronovost PJ, Syin D, Bandeen-Roche K, Patel P,
Takenaga R, Devgan L, Holzmueller CG, Tian J, Fried LP. Frailty as a predictor
of surgical outcomes in older patients. J Am Coll Surg. 2010;210:901–8.
40. Kristjansson SR, Rønninga B, Hurria A, Skovlundd E, Jordhøye MS,
Nesbakkeng A, Wyller TB. A comparison of two pre-operative frailty
measures in older surgical cancer patients. J Geriatr Oncol. 2012;3:1–7.
41. Leung JM, Sands LP, Mullen EA, Wang Y, Vaurio L. Are preoperative
depressive symptoms associated with postoperative delirium in geriatric
surgical patients? J Gerontol A Biol Sci Med Sci. 2005;60(12):1563–68.
42. Rao A, Polanco A, Qiu S, Kim J, Chin EH, Divino CM, Nguyen SQ. Safety of
outpatient laparoscopic cholecystectomy in the elderly: analysis of 15248
patients using the NSQIP database. J Am Coll Surg. 2013;217(6):1038–43.
43. Kuwabara K, Matsuda S, Fushimi K, Ishuukawa KB, Horiguchi H, Fujimori K.
Relationships of age, cholecystectomy approach and timing with the
surgical and functional outcomes of elderly patients with cholecystitis. Int J
Surg. 2011;9(5):392–99.

Page 7 of 7

44. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET,
Carbone PP. Toxicity and response criteria of the eastern cooperative
oncology group. Am J Clin Oncol. 1982;5:649–55.
45. American Society of Anesthesiologists. New classification of physical status.
Anesthesiology. 1963;24:111.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

