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Abstract
Introduction: Obesity is a known risk factor for the formation of gallstones [1] and has a
prevalence of 27% in the UK [2]. High body mass index (BMI) has been associated with poorer
perioperative outcomes such as increased operative time and a higher incidence of conversion to
open surgery though this risk may be an overestimation [3]. The purpose of this study is to evaluate
the outcomes and costs associated with day case laparoscopic cholecystectomy (DCLC) in morbidly
obese patients.
Methods: A retrospective analysis of patients who underwent DCLC between December 2015 and
November 2017 was performed. Anaesthetic and operating times, pre-operative complications, 30day readmissions and average costs were compared among WHO classifications for BMI.
Results: There were 332 patients who were listed for DCLC. Morbidly obese patients had a longer
anaesthetic and operative time of 4 and 8 minutes respectively compared to healthy patients (24 vs
20, p<0.005; 60 vs 52 p<0.001) There was no significant difference in postoperative complications
(2 vs 1, p=0.392) cost (£161.96 vs £162.40 p=0.364) or readmissions (8 vs 2, p=0.149) between
morbidly obese and healthy patients. There was no difference in length of stay postoperative (0 vs
0, p=0.371) or proportion of successful DCLC (66 vs 62%, p=0.655).
Conclusions: With rising prevalence of obesity in the UK and chronic bed shortages, indications
for inpatient admissions in under scrutiny. This study has shown that morbid obesity is not a
contraindication to DCLC and is neither associated with worse outcomes or higher costs.

Introduction
In 1980s the UK had an average day case rate of <15% [4] however twenty years later in the year
2000, the Department of Health identified the number one high impact change for Service
Improvement and Delivery as ‘treat day surgery (rather than inpatient surgery) as the norm for
elective surgery’ [5]. In 2017, day case surgery represents about 70% of all surgery in the United
Kingdom [6] with the major drive promoting day case surgery being the advantages of no impatient
stay and therefore reduced costs to the National Health Service (NHS) [4]. The Department
of Health have developed a benchmarking tool, which is specific to day case laparoscopic
cholecystectomy (DCLC); they have advised that 46.8% should be performed as a day case procedure
[6].
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Day case surgery can be considered for a cohort of patients who have a relatively good physiological
baseline where they can undergo a surgical procedure and be discharged home on the same day.
Patient assessment for day case surgery falls into three categories: medical, surgical and social
factors with obesity categorised as a medical factor [7].
Although many surgeons believe that operating on patients with a body mass index (BMI) greater
than 30 is more technically challenging and associated with increased operative complications,
this perception is not supported by the literature [8, 9]. The relationship between obesity and
operative outcomes remains controversial. Given that obesity is a major risk factor for gallstone
disease it appears that a large proportion of patients undergoing DCLC fall into a high BMI category
enabling us to explore this relationship [10].
On the contrary, operating on patients with a higher BMI has been associated with an increased
operative time and a higher incidence of conversion to open for laparoscopic cholecystectomy [11].
Additionally a high BMI poses a greater risk on post-operative complications such as surgical site
infections and post-operative ileus [11].
Despite the healthcare striving towards a shared goal of improving productivity within the NHS,
obesity has consistently shown to increase operating time for a laparoscopic cholecystectomy
[12,13].
In 2016-2017 the NHS spent a total on £4.5bn [14] on day case surgery where patients are expected
to be discharged on the same day. A further £17bn was spent on non-elective inpatient stay which
includes patients who are kept in hospital following a planned day case procedure and these figures
are rising year on year. When analysing the outcomes of obese patients who underwent a DCLC it is
important for us to consider whether we have observed an increase in hospital stay in this category
and whether this translates into an increased cost to the NHS.
In our study, we looked at perioperative and postoperative outcomes including mean anaesthetic
time, mean operative time, operative complications, postoperative inpatient stay, causes of
postoperative inpatient stay, average cost of inpatient stay and rate of successful DCLC for the 5
BMI patient groups (underweight <18.5kg/m2, healthy weight (18.5- 24.9kg/m2, overweight 25.029.95kg/m2, obese 30.0-39.9kg/m2 and morbidly obese (>40.0kg/m2).
The study analysed data for 332 patients undergoing DCLC with a BMI range 16.6 kg/m2 to 53.9 kg/
m2. The aim of this study is to determine whether operating on a cohort of patients with a higher
BMI translates into higher healthcare costs and therefore negatively impact on health expenditure.
This would then raise the question whether we need to reassess how we operate on this cohort
of patients and do we need to devise more specific guidelines with regards to DCLC and patient
selection.

Methods
Patient eligibility
Data from 332 patients who underwent an elective laparoscopic cholecystectomy performed by
one of the upper gastrointestinal consultant surgeons at a single district general hospital were
analysed. Retrospective data included: age, gender, BMI, American Society of Anaesthesiologists
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(ASA) score, operative time, intraoperative complications, duration of inpatient stay, cost of
inpatient stay and readmission. The inpatient stay was the number of inpatient days purely
associated with a postoperative day case admission and the readmission rate was calculated using
the number of patients readmitted with a postoperative complication within the 30-day postoperative period.
Data was collected from clinical notes in addition to computerised operative notes, which were
prospectively maintained between December 2015 and November 2017.
Local eligibility criteria for day case laparoscopic cholecystectomy included symptomatic gallstone
disease and an ASA of ≤3, fitness for day case general anaesthesia, performance status ≤2 and an
accompanying adult to escort the patient home attend to the patient in the first 24 hours postoperatively.
Operative technique
All laparoscopic cholecystectomies were performed using a standardised surgical approach.
All laparoscopies were performed using the 4-port technique with infiltration of 5mls 0.5%
bupivacaine prior to each incision.
The patients were positioned supine with an assistant to the right and the senior surgeon to their
left. A supra- or infraumbilical incision was made for the optical port and a pneumoperitoneum
was created using the open Hasson technique. Once a 30- degree 10mm telescope was introduced
via the umbilical port, the remaining epigastric and two right subcostal ports were inserted under
direct vision.
The patient was then positioned in a reverse Trendelenberg and left lateral tilt. Dissection started
in the Calot’s triangle and completed once the cystic duct, cystic artery and cystic-CBD junction
was visualised. The cystic artery was then clipped and divided. A trans-cystic cholangiogram was
obtained for each patient and after applying a Rhoder’s knot, the cystic duct was also clipped and
divided.
The gallbladder was dissected from the liver bed and retrieved via the umbilical port in a Bert’s
bag. Once haemostasis achieved, all ports were removed under direct vision and 10mls of 0.5%
levobupivacaine were used to infiltrate the liver bed.
An anaesthetist accompanied patients to day case theatre recovery and once they met local day
case theatre recovery discharge criteria (see Table 1) they were discharged home. If there were
any post-operative complications or they did not meet recovery discharge criteria the patient was
admitted to the surgical ward.
Patient data was divided into 5 groups: underweight (<18.5kg/m2), healthy weight (18.5- 24.9kg/
m2), overweight (25.0-29.95kg/m2), obese (30.0-39.9kg/m2) and morbidly obese (>40.0kg/m2).
Post-operatively data was collected retrospectively to determine whether patients were deemed
unfit for discharge from day case recovery or whether patients were re-admitted within 30 days
with post-operative complications.
Data was stored in SPSS software where the Mann Whitney-U statistical tests was run on the
anaesthetic time, operative time and hospital cost data sets and the Chi-squared test was run on the
gender, postoperative admission and readmission data sets.

JODS 29.1 February 2019

Does high body mass index impact surgical outcomes . . . [21]

Table 1 Local day case recovery discharge criteria.

Assessment criteria

The patient must:

Respiratory status

Be able to maintain their own airway
Be able to breathe deeply and cough command
Have a respiratory rate greater than 10 breaths per minute

Cardiovascular status

Have a pulse rate that approximates to their pre-anaesthetic
levely
Have a systolic blood pressure that is between +/- 20% of their
pre-anaesthetic level
Have no unexplained cardiac arrhythmias

Neurological status

Be easily rousable and able to respond appropriately to
questions
Be able to sustain a head lift for a minimum of 5 seconds
Be able to demonstrate normal muscle tone without weakness
following a general anaesthetic

Pain status

Be pain free or acknowledge that their pain is at a level which
they can tolerate
Have minimal side effects

Post-operative nausea and
vomiting (PONV)

Be free from PONV or for it to be an acceptable level to the
patient

Temperature

Have a temperature between 36 and 38°C

Personal hygiene

Be clean, dry and comfortable

Post-surgical status

Have no signs of active bleeding
Have patent patients drains, intravenous lines and catheters

Results
Data for 332 patients who underwent a day case laparoscopic cholecystectomy between December
2015 and November 2017 was collected.
Demographic
data includedUnderweight
age of patients, male
to female
ratio and average
grades within
Parameter
Healthy
Overweight
ObeseASA Morbidly
obese
(n=6)
weight
(n=117)
(n=106)
(n=53)
the five BMI patient groups (see Table 2). The mean age of patients was 51.8 years (range 17-84
(n=50)
years). 245 out of the 332 patients were female
(72.92%) and there were significantly more females

33
55.6
52.7 group54.4
than Average
males inage
various patient groups:
firstly, the
obese BMI patient
in comparison43.5
to the
(18-70)
(25-84)
(21-86)
(21-84)
(17-72)
Range
/years
healthy BMI patient group (p=0.019) and the morbidly obese BMI patient group in comparison to
the healthy
GenderBMI and overweight BMI patient groups (p= 0.001 and 0.033 respectively).

Male/Female
Male: Female ratio

Average ASA
grade*
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1/5
1:5.00

21/29
1:1.38

33/84
1:2.55

25/81
1:3.24

7/46
1:6.57

1.5

1.88

1.75

1.87

2.11
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Table 2 Demographic data of 332 patients undergoing day case laparoscopic cholecystectomy

Parameter

Underweight
Healthy
Overweight
Obese
Morbidly obese
(n=6)
weight
(n=117)
(n=106)
(n=53)
Underweight
Healthy
Overweight
Obese
Morbidly obese
(n=50)
(n=6)
weight
(n=117)
(n=106)
(n=53)

Parameter

(n=50)

Average age
Readmission
Range within
/years 30 days

33
0.00%
(18-70)

55.6
6.00%
(25-84)

52.7
54.4
5.12% (21-84)
0.94%
(21-86)

43.5
0.00%
(17-72)

Gender
Cause of
readmission
Male/Female
Male:
Female ratio
Retained
stones

1/5
1:5.00 0

21/29
1:1.38 1

33/84
1:2.55 1

25/81
1:3.24 0

7/46
1:6.57 0

0

2.11 0

3

0

0

0
0
Urinary
retention
* American
Society of Anaesthesiologists physical
status classification
system: 0

1

0

ASA 1- a normalvomiting
healthy patient
Post-operative

0

0

(n=0)

Wound/chest/urine
Average ASA infection

1.5

grade*pain
Abdominal

0

n=3)

1

1.88

1.75

0

0

ASA 2- a patient with mild systemic disease

(n=6)

1.87

0

1

0

2

(n=1)

(n=0)

ASA 3- a patient with severe systemic disease
ASA 4- severe systemic disease that is a constant threat to life
ASA 5- a moribund patient that is not expected to survive 24 hours with or without an operation

Table 3 Indication for day case laparoscopic cholecystectomy
Indication for DCLC

Underweight
n=6

Healthy weight
(n=50)

Overweight
(n=117)

Obese
(n=106)

Morbidly obese
(n=53)

Cholelithiasis

6

37

88

85

39

Cholelithiasis & ERCP
for CBD stones

0

2

6

13

2

Mirizzi’s syndrome

0

0

2

0

0

Cholecystitis

0

2

9

4

7

Gallstone pancreatitis

0

9

8

4

5

Gallbladder polyp

0

1

4

0

0

There were several indications for a laparoscopic cholecystectomy, the most common being biliary
colic and the rest more severe complications of gallstone disease (see Table 3).
Perioperative and postoperative outcomes included mean anaesthetic time, mean operative time,
operative complications, postoperative inpatient stay, causes of postoperative inpatient stay,
average cost of inpatient stay and rate of successful DCLC for the 5 BMI patient groups (see Table 4).
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Table 4 Perioperative and postoperative outcomes of 332 patients undergoing day case
laparoscopic cholecystectomy.
Parameter

Underweight
(n=6)

Healthy weight
(n=50)

Overweight
(n=117)

Obese
(n=106)

Morbidly obese
(n=53)

Anaesthetic time
average in minutes (range)

17.50
(10-23)

20.22
(10-34)

21.00
(8-47)

21.00
(7-50)

24.30
(9-46)

Operative time
average in minutes (range)

58.00
(38-117)

51.85
(26-106)

51.80
(26-155)

57.45
(27-175)

60.11
(16-115)

Operative
complications
Subtotal cholecystectomy
Conversion to open
Failed OTC †

0
0
0

¹
1
1

7
7
1

2
2
3

0
0
0

0

0

0

1

1

33.33%
n=2

55.88%
n=19

20.75%
n=22

33.96%
n=18

2
0
0
0
0
0

5
0
2
3
1
7

6

7

5

2

1

0

2

1

2

4

5

2

4

1

2

20

7

7

£154.60

£162.40

£166.56

£124.75

£161.96

Total inpatient stay
Days

4

35

84

57

37

Successful day case
surgery
% of patients

66.67%

62.00%

67.52%

79.24%

66.04%

Underweight
(n=6)

Healthy
weight (n=50)

Overweight
(n=117)

Obese
(n=106)

Morbidly obese
(n=53)

0.00%
(n=0)

6.00%
n=3)

5.12%
(n=6)

0.94%
(n=1)

0.00%
(n=0)

Retained stones

0

1

1

0

0

Wound/chest/urine infection

0

1

2

0

0

Abdominal pain

0

0

3

0

0

Urinary retention

0

0

0

1

0

1

0

0

0

Sub-total chole
Postoperative
inpatient stay
% of patients
Cause of post-operative
admission
Pain
Post-operative hypoxia
Nausea or vomiting
Drain
Conversion to OC ‡
Other
Average cost of
inpatient stay
£ per patient per day

Parameter
Readmission within 30 days

32.47%
n=38

Cause of readmission

Post-operative vomiting

0

†: on table cholangiogram ‡: open cholecystectomy

Anaesthetic time data was analysed using the Mann Whitney-U test and ranged from 7 to 50
minutes. Patients who were morbidly obese (BMI ≥40) took significantly longer to anaesthetise in
comparison to the underweight, healthy weight, overweight and obese patients (p=0.015, 0.001,
0.004 and 0.001 respectively).
The operating time was measured as knife-to-skin to the completion of the laparoscopic
cholecystectomy and ranged from 26 to 175 minutes. Data for operating times were analysed
using the Mann Whitney-U test and resulted in significant differences amongst the various BMI
groups. The operative times for morbidly obese patients were significantly higher compared to
the patient s from the BMI groups: healthy weight, overweight and obese (p= 0.001, 0.001 and
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Failed OTC †

0

1

1

3

0

Sub-total chole

0

0

0

1

1

0.046
respectively). In addition, the
operative time
for patients32.47%
in the obese
weight patient
group
33.33%
55.88%
20.75%
33.96%
Postoperative
n=38
n=18
inpatient
stay
was
significantly
greater than the n=2
patients in then=19
overweight
patient groupn=22
p= 0.009. The
most

% of patients
frequent
operative complication was a conversion to an open cholecystectomy and occurred mostly
of post-operative
inCause
the overweight
BMI group with 6% being converted to an open procedure.
admission

DayPain
case laparoscopic was successful in 70.2% of patients
with 233
6 out of 3327patients being
5
5
2

discharged
homehypoxia
on the same day of
99 requiring
a post0 and the remaining
2
1
0
Post-operative
0 their operation
operative
admission.
Nausea hospital
or vomiting

2

2
1
2
3
2 BMI
0 accounted to £232.00 and 4
TheDrain
cost of an inpatient stay per night
means were5calculated per
1
Conversion to OC ‡
4
1
2
0
0

group using the total number of days of admission for each group. The BMI group, which on average
Other

7

0

20

7

7

cost the hospital the greatest, was the overweight group (£166.56 per patient per day, n=117) due to
£154.60 in the immediate
£162.40 post-operative
£166.56
£124.75The patients
£161.96from
Average
cost
of of hospital admission
a total
of 84
days
period.
inpatient stay
£ per patient per day

the healthy weight BMI group cost significantly more than from the obese weight BMI group with a
mean difference of £37.65 per patient per day.
Total inpatient stay

4

35

84

57

37

10Days
patients out of 332 were readmitted to hospital within the 30-day post-operative period (see
Table
5). Of these,
none were readmitted
underweight
BMI group79.24%
and the majority
66.67% from the
62.00%
67.52%
66.04%
Successful
day case
(6 surgery
patients) from the healthy BMI patient group with a readmission rate of 6%. There was no
% of patients

significance between the readmission rates amongst the five patient BMI groups.
Parameter

Underweight
(n=6)

Healthy
weight (n=50)

Overweight
(n=117)

Obese
(n=106)

Morbidly obese
(n=53)

0.00%
(n=0)

6.00%
n=3)

5.12%
(n=6)

0.94%
(n=1)

0.00%
(n=0)

Retained stones

0

1

1

0

0

Wound/chest/urine infection

0

1

2

0

0

Abdominal pain

0

0

3

0

0

Urinary retention

0

0

0

1

0

0

1

0

0

0

Readmission within 30 days
Cause of readmission

Post-operative vomiting

Table 5 Hospital readmissions and cause of readmission within the 30-day post-operative
period

Discussion
Worldwide obesity has tripled since 1975 with recent data from the World Health Organisation
showing a staggering 1.9 billion adults classified as overweight and of these 650 million obese in
2016[15]. In view of the exponential increases in obesity worldwide, particularly in the United
Kingdom, does an increasing overweight population pose additional stress on the deficient NHS
budget?
In view of health economics, several studies have looked into the cost impact of obesity on
healthcare costs. Sturm et al. found that within the United States, obese adults have on average
36% higher annual medical costs in comparison to those of a healthy weight [16] with Cawley et al.
estimating the surplus at approximately $2,741 per person [17].
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The Department of Health highlights day case surgery as a means to improve efficiency within the
NHS to firstly reduce bed days and secondly reduce other complications associated with inpatient
stay such as nosocomial infections and venous thromboembolic disease. Although patient selection
for day case surgery has been outlined in national guidelines [4], no numerical cut-off for BMI
has been specified leaving us with the crucial question is operating on obese patients less cost and
time efficient? Although several studies have proved that operating on obese and morbidly obese
patients can lead to longer operating times and higher postoperative complications, we are the first
study to look into the cost impact of these on the hospital expenditure.
As the Office for Budgetary Responsibility has projected in their latest Fiscal Sustainability Report
health spending is likely to rise significantly as a proportion of gross domestic product over the
coming decades, as a result of demographic pressures but also growing technology costs and rising
demand [18]. Therefore, examining the cost of operating on this cohort of patients becomes of
paramount importance given the current economic climate.
The following perioperative and postoperative outcomes for patient cohorts of varying BMIs will be
discussed and whether performing elective DCLC on obese and morbidly obese patients bears any
significance on medical costs.
Anaesthetic time
Anaesthesia of the obese and morbidly population can prove technically challenging due to a large
tongue, excessive pharyngeal tissue, a high anterior larynx and restricted atlanto-occipital flexion
and extension [19]. Of particular concern, patients with features suggestive of obstructive sleep
apnoea syndrome, more common in the obese population, can imply potential airway obstruction
once the patient has been rendered unconscious [20]. As can be relayed from this study’s results,
patients in the morbidly obese BMI groups (BMI ≥40) have taken significantly longer to anaesthetise
than patients in the underweight, healthy weight, overweight and obese BMI groups (p= 0.015,
0.001, 0.004 and 0.001 respectively). Morbidly obese patients are likely to present considerable
airway difficulties due to the anatomical difficulties mentioned above, with 15% quoted in the
literature as difficult intubations [21]. Interestingly, Brodski et al. studied the intubation of 100
morbidly obese patients to identify the factors that complicate tracheal intubation and found
that increasing neck circumference and a Mallampati score of ≥3 led to a problematic intubation
[22]. Although statistical differences in anaesthetising morbidly obese patients in comparison to
patients with a BMI<40, a difference of 2-3 minutes does not bear substantial clinical significance
and in practice does not affect the efficiency of day case theatre.
Operative time
Morbid obesity can be considered a significant risk factor for day case laparoscopic
cholecystectomy due to a well-known association with increases in operative time [11], however
this is the first study to assess whether these endpoints translate into greater healthcare costs.
Operative time results are comparable to other studies published in the literature with significantly
higher operative times in the obese (mean operative time 57.45 minutes) and morbidly obese (mean
operative time 60.11 minutes) patient groups compared with the overweight BMI patient group
(mean operative time 51.80 minutes, p=0 .009 and < .001 respectively) [23]. These are likely due
to a difficulty gaining access to the abdomen secondary to an increased amount of subcutaneous
fat and difficult dissection of the gallbladder secondary to a greater amount of omental fat [23].
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In reality, the difference in the mean operating time of 8.26 minutes between the morbidly obese
and healthy weight patient groups is unlikely to cause significant disruption to an elective day case
list due to other influencing factors such as anaesthetic time and pre-operative preparation time.
Despite this discrepancy of operative time between the patient groups, literature suggest that
converting to an open procedure for obese patients does not improve operating times nor patient
recovery post-operatively and in fact, the laparoscopic approach is favourable for these patients
[24, 25].
Operative complications
The overall conversion rate to open for this study was 3.01% that is on par with the conversion rate
of 3.9-6.0 % cited in recent literature [23, 26]. Out of the 10 patients where laparoscopic surgery was
converted to open, 7 were from the overweight patient group.
Postoperative admissions
This study highlighted that there is no significant increase in overnight stay post-operatively in
the obese and morbidly obese patients. In fact our study showed a significantly higher admission
rate for the healthy weight group when compared to the obese patient group (p=0.224). As one may
predict, the majority of patients required an inpatient stay due to post-operative pain particularly
after a conversion to open cholecystectomy and post-operative nausea and vomiting.
Admission cost
Admission costs were calculated using the total number on days of hospital stay per BMI group and
the highest costing group was the overweight group with an average cost of £166.56 per patient
per day. Surprisingly, the average cost of postoperative inpatient stay from the healthy weight
BMI group was significantly greater than the obese weight BMI group (p=0.049). These results are
contrary to the findings of an extensive systematic review carried out by Tsai et al. who estimated
incremental medical costs of overweight as approximately $266 higher, and of obesity $1,723
higher, than that of normal weight persons [27]. However comorbidities associated with obesity
such as hypertension and diabetes are more likely causes of these higher medical costs as opposed
to elective surgical procedures. What our study concludes is that performing an elective DCLC is no
more costly on patients with a BMI of >30 in comparison to those of a healthy weight.
Readmissions
In the post-operative period patients were followed up for a readmission within 30 days and of the
332 patients, 10 patients were readmitted giving a readmission rate of 3.01%. Most patients were
from the overweight BMI patient group (n=6): 3 patients were readmitted due to post-operative
pain, 2 due a surgical site infection and 1 patient due to a retained common bile duct stone. Of the
remaining 4 patients; 1 patient was admitted with post-operative vomiting, 1 with acute urinary
retention, 1 with a retained common bile duct stone and lastly 1 with a surgical site infection.
There were no significant difference between readmission rates amongst the 5 BMI patient groups
and interestingly no patients from the morbidly obese patient group were readmitted. These
results however do not take into account any post-operative complications that may present within
the community and treated without an admission.
Despite this, our study shows that although 47.89% of patients who underwent a DCLC had a BMI
of ≥30, there was no impact on overall costs of treating these patients when taking into account
postoperative admissions into hospital.
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These findings demonstrate that morbid obesity is not a hindrance to elective day case surgery lists
and that with adequate preparation, operating on these patients is as efficient as patients with a
healthy BMI.

Conclusions
DCLC should be performed in patients with a higher BMI. Obesity can have an impact on the
anaesthetic and operating times of a day case laparoscopic cholecystectomy however this in turn
makes no significant difference to the rate of postoperative admissions, readmissions and most
importantly cost. Our study suggests that as surgeons we should disregard the hesitancy towards
performing elective day case procedures on high BMI patient as they do not lead to poorer surgical
outcomes and crucially, they do not incur higher medical cost. The fundamental point to take away
from this study is that although there is an evident increase in the prevalence of obesity it bears no
influence on efficiency within the NHS with regards to the hospital costs of elective DCLC.
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