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Abstract

Background Laparoscopic surgery has been shown to

offer superior surgical outcomes for most abdominal sur-

gical procedures. However, there is hardly any evidence on

surgical outcomes with patient risk stratification. This

study aimed to compare outcomes of common laparoscopic

and open surgical procedures for varying illness severity.

Methods A retrospective analysis of surgical outcomes

for six commonly performed surgical procedures including

cholecystectomy, appendectomy, reflux surgery, gastric

bypass surgery, ventral hernia repair, and colectomy was

performed using the University HealthSystem Consortium

(UHC) Clinical Database/Resource Manager (CDB/RM).

The 3-year discharge data for the six commonly performed

laparoscopic surgical procedures were analyzed for out-

come measures including observed mortality, overall

patient morbidity, intensive care unit (ICU) admissions,

30-day readmissions, length of hospital stay, and hospital

costs.

Results In this study, 208,314 patients underwent one of

six common surgical procedures by either the open or the

laparoscopic approach. Overall, the laparoscopic approach

showed significantly lower mortality, reduced morbidity,

fewer ICU admissions and 30-day readmissions, shorter

hospital stay, and significantly reduced hospital costs for all

the procedures. At stratification by illness severity, the

laparoscopic group showed better or comparable surgical

outcomes across all the illness severity groups. However,

the observed mortality was comparable for the minor and

moderate severity patients between laparoscopic and open

surgery for most procedures. The 30-day readmission rate

for major/extreme severity patients was comparable

between the two groups for most surgical procedures.

Conclusions This study demonstrated the superiority of

laparoscopy over conventional open surgery across all ill-

ness severity risk groups for common surgical procedures.

The results in general show that laparoscopic surgery is

safe, efficacious, and cost-effective compared with open

surgery and suggest that laparoscopic surgery should be the

procedure of choice for all common surgical procedures,

regardless of illness severity.

Keywords Appendectomy � Cholecystectomy �
Colectomy � Gastric bypass � Laparoscopic surgery � Open

surgery � Outcomes � Reflux surgery � Ventral hernia

Minimally invasive surgery generally is believed to be

characterized by reduced surgical invasiveness, shorter

convalescence, and possibly better postoperative and

functional results [8, 21, 24, 31, 32, 34, 38]. Findings have

shown several abdominal surgery procedures to be lapa-

roscopy compatible, and the scope currently is being

broadened to include some of the more complex surgical

procedures. There is some evidence that laparoscopic sur-

gery may lead to better short-term quality-of-life outcomes

for these abdominal surgical procedures [12, 14, 19, 25,

37]. However, it is unclear whether these short-term
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benefits translate into better long-term outcomes for these

abdominal surgical procedures. Nevertheless, the popular-

ity of the laparoscopic approach for certain abdominal

procedures such as cholecystectomy, appendectomy, reflux

surgery, gastric bypass surgery, ventral hernia repair, and

colectomy has been increasing [7, 15, 35].

Numerous epidemiologic studies including retrospective

observational studies [8, 21, 24, 31, 32, 34, 38], prospective

randomized studies [2, 3, 17, 19, 22, 36], and metaanalyses

and systematic reviews [6, 9, 16, 23, 26, 30] have

attempted to evaluate and compare the outcomes of lapa-

roscopic and open surgery. The safety and feasibility of a

laparoscopic approach for these surgical procedures has

been well established, and surgery using a laparoscopic

approach currently is well accepted as the preferred alter-

native for some procedures such as cholecystectomy [16].

In addition, most of these studies have shown a clear

clinical benefit of laparoscopic surgery in terms of signif-

icantly lower morbidity [1, 3, 6, 8, 19, 21, 22, 34], shorter

hospital stay [2, 3, 6, 8, 16, 17, 19, 21, 22, 30–32, 34, 36],

less pain [2, 3, 16, 19, 30, 32, 34, 36], and lower hospital

costs [4, 10, 19, 27]. Although the superiority of the lap-

aroscopic approach has been demonstrated in several

studies for these procedures, data on surgical outcomes

with patient risk stratification are not forthcoming.

Comparison of patient outcomes stratified by risk

severity seems to be important because surgical outcomes

may differ by illness severity and patient comorbidities.

One reason for the lack of such data may be that most

studies, particularly randomized studies, usually have

stringent inclusion and exclusion criteria for the purpose of

maintaining homogeneity of patient population and thus

may not usually account for patient risk severity [13, 28].

Therefore, results from these randomized studies can only

be generalized to a population with similar illness severity

and result in critically impaired external validity across the

illness severity spectrum. Consequently, concern is

increasing with regard to the external validity or general-

izability of the results from these randomized surgical

clinical trials [5].

In addition to the aforementioned study design and

methodology issues and lack of illness severity heteroge-

neity, some other drawbacks of these studies may be due to

statistical issues, with limited patient numbers and single-

institution experiences. These drawbacks can be overcome,

in part, by the use of a large national population-based

patient registry database that can provide information

regarding the safety, efficacy, and cost-effectiveness of

common laparoscopic procedures across centers and for

varying illness severities.

This surgical outcomes study aimed to evaluate and

compare the safety, efficacy, and cost-effectiveness of

common laparoscopic and open surgical procedures for

varying illness severities and to facilitate generalizability

of results. A retrospective analysis of surgical outcomes for

six commonly performed surgical procedures, namely,

cholecystectomy, appendectomy, reflux surgery, gastric

bypass surgery, ventral hernia repair, and colectomy was

performed using an administrative multicenter database.

Methods

The University HealthSystem Consortium (UHC) is an

alliance of more than 100 medical centers and their affiliate

hospitals, and the UHC database has been described pre-

viously [20, 35]. The source of the data is UHC’s Clinical

Database/Resource Manager (CDB/RM), which provides

risk-adjusted, patient-level data for performance improve-

ment purposes. The UHC database consists of discharge

data collected from member hospitals and contains infor-

mation on patient demographic characteristics such as age,

gender, and race. In addition, specific data on inpatient

length of stay, intensive care unit (ICU) admission, read-

mission, overall morbidity, inpatient mortality, and inpa-

tient hospital costs are available. Outcomes such as length

of hospital stay, mortality, and hospital cost are risk

adjusted with the use of logistic regression models.

The severity of illness classification used for risk strati-

fication by the UHC database has been described previously

[35]. In addition to regression models for risk adjustment,

the UHC uses the all patient refined diagnosis related groups

(APR-DRG) grouper to estimate severity of illness based on

the International Classification of Diseases, Ninth Revision,

Clinical Modification (ICD-9-CM) diagnosis and procedure

codes. Furthermore, Agency for Healthcare Research and

Quality (AHRQ) comorbid states are used to estimate illness

severity by taking into account 29 specific comorbid con-

ditions. The risk-adjustment methodology takes into account

adjustments for specific patient factors such as age, sex, race,

and admission status. The data for each patient are assigned

to an illness severity level based on a patient classification

scheme that uses a combination of principal and secondary

diagnosis, procedures, and specific patient factors. The four

illness severity categories are minor, moderate, major, and

extreme. According to the UHC classification, high illness

severity is primarily determined by the interaction of mul-

tiple comorbid conditions involving multiple organ systems

resulting in patients who may be extremely difficult to treat.

For hospital costs, the UHC clinical database provides

an estimated cost of patient care. The UHC uses a ratio of

cost-to-charge (RCC) method based on specific costs and

revenues from the Centers for Medicare & Medicaid Ser-

vices (CMS) for each service. The RCC and detailed

patient charges collected at the revenue code level are used

to calculate estimated service center costs. Finally,
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aggregation of all individual cost center estimates shows

the total estimated costs.

Study design

Prior institutional review board (IRB) and UHC approval

was obtained. A retrospective study design was used to

analyze multicenter patient outcomes using the UHC

database. The 3-year discharge data of six commonly

performed laparoscopic surgical procedures from 2006 to

2008 were analyzed for adult patients older than 18 years.

The laparoscopic surgical procedures included in the study

were cholecystectomy, appendectomy, reflux surgery,

gastric bypass surgery, ventral hernia repair, and

colectomy.

For data collection, the UHC database was queried with

appropriate ICD-9-CM diagnosis and procedure codes. The

specific ICD-9-CM codes used for the six surgical proce-

dures have been used previously in other studies [35].

Laparoscopic (51.23, 51.24) and open (51.21, 51.22) cho-

lecystectomy data were queried for a diagnosis of chole-

lithiasis with (574.0, 574.00, 574.01, 574.1, 574.10,

574.11) and without (574, 574.2, 57.20, 574.21) acute

cholecystitis. Data on laparoscopic (47.01) and open

(47.09) appendectomy were collected for acute appendi-

citis (540, 540.9) and perforated appendicitis (540.0,

540.1). The ICD-9 procedure codes for laparoscopic

(44.67) and open (44.65, 44.66) antireflux procedures were

queried for a diagnosis of esophagitis (530.1, 530.10,

530.11, 530.12, 530.19) and esophageal reflux (530.81).

Surgical outcomes for laparoscopic (44.38) and open

(44.31, 44.39) gastric bypass procedures for morbid obesity

(278, 278.0, 278.00, 278.01) were accessed using the UHC

database. Data on laparoscopic (17.33, 17.35, 45.81) and

open colectomy (45.73, 45.75, 45.82) were collected for

either right, left, or total intraabdominal and other

unspecified resections of the rectum and included benign or

malignant disease of the colon. Finally, data on compli-

cated and uncomplicated incisional hernia and other hernia

of the anterior abdominal wall were included in the study,

as well as data on the outcomes of both laparoscopic

(53.62, 53.63) and open repair (53.69, 53.61, 53.59, 53.51)

of ventral hernia.

Main outcome measures

Information on outcome variables for laparoscopic (L) and

open (O) cholecystectomy (LC and OC), appendectomy

(LA and OA), reflux surgery (LR and OR), gastric bypass

surgery (LGB and OGB), ventral hernia repair (LVHR and

OVHR), and colectomy or colon resection (LCR and OCR)

was accessed using the UHC database. These outcome

variables included observed mortality, overall patient

morbidity, ICU admissions, 30-day readmissions, length of

hospital stay, and hospital costs. In addition, data on

demographic characteristics such as age, gender, and race

distribution of the patient population were collected.

Admission age was further defined as age 18–30, 31–50,

51–64 and 65 years or older. Racial groups were classified

as Caucasians, African-Americans, Hispanics, and others

including Asians, Native Americans, and undetermined

categories. Outcome measures were further stratified by

UHC-specific illness severity groups defined as minor,

moderate, and major/extreme severity patients. A subgroup

comparison between laparoscopic and open procedures for

various illness severity groups was performed.

Data analysis

Variables such as length of hospital stay and hospital costs

were expressed as mean ± standard deviation and com-

pared with the help of the t-test. Variables such as observed

mortality, overall morbidity, ICU admission rates, and 30-

day readmission rates were expressed as a frequency per-

centage, and a chi-square test was used for comparison of

these variables. Data were considered significant at a

p value \0.01. Statistical analysis was performed with the

help of Prism 5.0 software (GraphPad Software, San Diego,

CA, USA).

Results

Demographic characteristics

This study examined the postoperative outcomes of six

common surgical procedures performed via an open or

laparoscopic approach. During the study period from 2006

to 2008, a total of 208,314 patients underwent surgery

using an open or laparoscopic approach for one of the

following six common surgical procedures included in the

study: cholecystectomy (n = 49,140), appendectomy

(n = 40,062), reflux surgery (n = 8,908), gastric bypass

(n = 30,985), ventral hernia repair (n = 45,692), and

colectomy (n = 33,527). Overall, the open procedure was

more common (n = 111,378) than the laparoscopic pro-

cedure (n = 96,936). The laparoscopic approach was more

commonly used for cholecystectomy (73%), appendectomy

(64.5%), reflux surgery (78.2%), and gastric bypass

(85.8%). On the other hand, the open approach was favored

for ventral hernia repair (98.5%) and colectomy (97.1%).

The demographic characteristics of the study population

are presented in Table 1. A laparoscopic procedure was

used more often for women (66.9%) than for men (33.1%).

Patients in the laparoscopic group were predominantly

younger than 50 years of age. The majority of the patients
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included in the study were Caucasians. The proportion of

patients in the minor severity of illness category was higher

in the laparoscopic group than in the open group (laparo-

scopic group 56.3% vs. open group 32.9%;p \ 0.001). In

contrast, the open procedure group had a significantly

higher proportion of patients with major/extreme severity

of illness (open procedure 29.1% vs. laparoscopic proce-

dure 8.8%; p \ 0.001).

Outcomes for laparoscopic versus open procedures:

overall

A comparison of overall outcomes of laparoscopic and

open approaches for the six common procedures is shown

in Table 2. The laparoscopic approach showed a signifi-

cantly lower observed mortality rate for all six procedures

than the open approach (LC 0.28% vs. OC 2.49%; LA

0.08% vs. OA 0.49%; LR 0.06% vs. OR 0.67%; LGB

0.08% vs. OGB 0.73%; LVHR 0.00% vs. OVHR 1.37%;

LCR 1.03% vs. OCR 5.97%; p \ 0.01). The risk-adjusted

Table 1 Demographic characteristics of study population

Variable Laparoscopic

procedure

Open

procedure

Total patients 96,936 111,378

Surgical procedure (%)

Cholecystectomy 73.0 27.0

Appendectomy 64.5 35.5

Reflux surgery 78.2 21.8

Gastric bypass 85.8 14.2

Ventral hernia repair 1.5 98.5

Colectomy 2.9 97.1

Gender (%)

Male 33.1 45.2

Female 66.9 54.8

Age group (%)

18–30 years 23.0 9.6

31–50 years 42.2 28.8

51–64 years 22.8 31.2

C65 years 12.0 30.4

Race (%)

Caucasian 62.1 68.2

African-American 12.5 14.9

Hispanic 14.6 8.0

Other 10.8 8.9

Illness severity (%)

Minor 56.3 32.9

Moderate 34.9 38.0

Major/extreme 8.8 29.1

Table 2 Comparison of outcomes with laparoscopic and open sur-

gery for all illness severities

Variable Laparoscopic procedure

(n = 96,936)

Open procedure

(n = 111,378)

Observed mortality (%)

Cholecystectomy 0.28 2.49a

Appendectomy 0.08 0.49a

Reflux surgery 0.06 0.67a

Gastric bypass 0.08 0.73a

Ventral hernia repair 0.00 1.37b

Colectomy 1.03 5.97a

Overall morbidity (%)

Cholecystectomy 9.68 32.94a

Appendectomy 6.87 14.33a

Reflux surgery 12.49 28.36a

Gastric bypass 7.38 17.21a

Ventral hernia repair 17.08 29.56a

Colectomy 26.42 41.37a

ICU admissions (%)

Cholecystectomy 6.05 30.72a

Appendectomy 2.79 8.08a

Reflux surgery 7.68 29.89a

Gastric bypass 7.65 22.16a

Ventral hernia repair 5.79 18.70a

Colectomy 10.87 34.26a

30-day readmission (%)

Cholecystectomy 2.31 6.06a

Appendectomy 2.51 4.10a

Reflux surgery 1.94 4.05a

Gastric bypass 2.43 6.00a

Ventral hernia repair 5.15 8.21b

Colectomy 4.38 6.50b

Mean length of stay (days)

Cholecystectomy 3.89 ± 5.81 10.11 ± 15.77a

Appendectomy 2.26 ± 3.18 4.26 ± 7.03a

Reflux surgery 2.94 ± 5.34 7.38 ± 9.17a

Gastric bypass 2.62 ± 2.75 5.95 ± 18.45a

Ventral hernia repair 3.71 ± 5.26 7.89 ± 15.86a

Colectomy 7.18 ± 6.98 13.11 ± 18.22a

Mean hospital costs (US$)

Cholecystectomy 11,365 ± 16,311 28,891 ± 54,859a

Appendectomy 8,668 ± 8,577 11,474 ± 20,650a

Reflux surgery 11,769 ± 17,616 21,328 ± 32,988a

Gastric bypass 14,130 ± 11,059 20,681 ± 54,015a

Ventral hernia repair 14,115 ± 13,811 23,439 ± 46,381a

Colectomy 21,344 ± 26,347 37,807 ± 64,957a

ICU intensive care unit
a p \ 0.001 compared with laparoscopic procedure
b p \ 0.01 compared with laparoscopic procedure
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mortality ratio was calculated as the ratio of observed

versus expected mortality for a surgical procedure (LC 0.82

vs. OC 1.01; LA 0.82 vs. OA 0.85; LR 0.23 vs. OR 0.72;

LGB 0.68 vs. OGB 0.95; LVHR 0.00 vs. OVHR 0.89; LCR

1.02 vs. OCR 1.18).

The overall morbidity for procedures performed using a

laparoscopic technique also was significantly lower than

for the open approach (LC 9.68% vs. OC 32.94%; LA

6.87% vs. OA 14.33%; LR 12.49% vs. OR 28.36%; LGB

7.38% vs. OGB 17.21%; LVHR 17.08% vs. OVHR

29.56%; LCR 26.42% vs. OCR 41.37%; p \ 0.001).

In addition, the patients who underwent a laparoscopic

procedure had significantly lower ICU admission and 30-

day readmission rates than those who had the open

approach. The ICU admission rates for the open procedure

patients were at least three times higher than for the lap-

aroscopic procedure patients (p \ 0.001). Furthermore, the

laparoscopic surgery patients had significantly shorter

hospital stays than the open surgery patients. Significantly

lower mortality and morbidity, lower ICU admission rates,

and shorter hospital stays appeared to have accounted for

significantly lower costs of hospitalization for laparoscopic

procedures than for open procedures. These results strongly

suggest that laparoscopic surgery is safer, more efficacious,

and more cost-effective for these common surgical proce-

dures than open surgery.

Outcomes for laparoscopic versus open procedures:

minor illness severity

Because severity of illness can account for the differences

in outcomes seen with laparoscopic and open procedures,

stratification of patients by severity of illness was per-

formed. Table 3 compares the outcomes for laparoscopic

and open surgery for varying severities of illness. Patients

with minor severity of illness predominantly underwent a

laparoscopic procedure. In the minor severity group, the

observed mortality rates were comparable but not signifi-

cantly different between the laparoscopic and open groups.

The risk-adjusted mortality ratio for minor severity of ill-

ness for the various surgical procedures also was calculated

(LC 0.42 vs. OC 0.63; LA 0.00 vs. OA 0.00; LR 0.29 vs.

OR 0.00; LGB 1.51 vs. OGB 3.66; LVHR 0.00 vs. OVHR

0.40; LCR 0.00 vs. OCR 0.07).

The laparoscopic group showed significantly lower

postoperative morbidity than the open group for all the

procedures except ventral hernia repair (LVHR 6.82% vs.

OVHR 11.41%; p = 0.02) and colectomy (LCR 11.36%

vs. OCR 13.14%; p = 0.34).

The ICU admission rate was significantly lower for the

laparoscopic group except for appendectomy (LA 1.21%

vs. OA 1.17%; p = 0.86), ventral hernia repair (LVHR

1.98% vs. OVHR 4.09%; p = 0.08) and colectomy (LCR

3.23% vs. OCR 5.61%; p = 0.05). The patients in the

laparoscopic group showed significantly lower 30-day

readmission rates for all the procedures except ventral

hernia repair and colectomy and significantly shorter hos-

pital stays for all the procedures.

Among the minor severity of illness patients, the hospital

costs for the laparoscopic group were significantly lower for

cholecystectomy and reflux surgery and comparable with

those experienced by the open group for gastric bypass

(LGB US $13,214 ± $5,496 vs. OGB $13,204 ± $6,166;

p = 0.94), ventral hernia repair (LVHR US $11,493 ±

$6,109 vs. OVHR $11,122 ± $8,046; p = 0.42), and colec-

tomy (LCR US $13,803 ± $5,478 vs. OCR $13,255 ±

$5,968; p = 0.07). In the minor illness severity group, the

costs for laparoscopic appendectomy were significantly

higher than for open appendectomy (LA US $7,245 ±

$3,307 vs. OA $6,099 ± $3,046; p \ 0.001).

Outcomes for laparoscopic versus open procedures:

moderate illness severity

A total of 76,223 patients with moderate severity of illness

underwent one of the six common surgical procedures via

an open or laparoscopic approach. In contrast to the minor

illness severity group, the patients in the moderate illness

severity group predominantly had open surgery. In this

group of patients, the observed mortality was comparable

between the laparoscopic and open procedures for the

majority of the procedures. The risk-adjusted mortality

ratio for the patients with moderate illness severity was

estimated for the surgical procedures included in the study

(LC 0.19 vs. OC 0.62; LA 0.34 vs. OA 0.52; LR 0.00 vs.

OR 2.03; LGB 0.30 vs. OGB 0.73; LVHR 0.00 vs. OVHR

0.38; LCR 0.00 vs. OCR 0.30).

The overall morbidity for the patients with moderate

severity of illness was significantly lower in the laparoscopic

group than in the open group for all the procedures except

colectomy (LCR 22.98% vs. OCR 27.17%; p = 0.07). The

30-day readmission rate was significantly lower for all the

procedures except ventral hernia repair (LVHR 6.40% vs.

OVHR 8.58%; p = 0.22) and colectomy (LCR 4.69% vs.

OCR 6.46%; p = 0.20). In addition, the laparoscopic group

showed a significantly reduced ICU admission rate and

length of hospital stay for all the procedures among the

patients with moderate severity of illness. The hospital costs

for all the procedures were significantly lower for the lapa-

roscopic group than for the open group but were comparable

only for colectomy (LCR US $19,054 ± $9,818 vs. OCR

$17,866 ± $9,912; p = 0.02). These results suggest that the

outcomes for laparoscopic surgery are comparable or better

for the patients with moderate severity of illness.
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Table 3 Comparison of outcomes of laparoscopic and open surgery for minor, moderate, and major/extreme severity illness

Minor severity Moderate severity Major/extreme severity

Lap

(n = 54,540)

Open

(n = 36,638)

Lap

(n = 33,856)

Open

(n = 42,367)

Lap

(n = 8,540)

Open

(n = 32,371)

Observed mortality (%)

Cholecystectomy 0.01 0.07 0.01 0.11a 1.64 6.21b

Appendectomy 0.00 0.00 0.01 0.04 2.09 4.53a

Reflux surgery 0.02 0.00 0.00 1.20b 0.72 4.46a

Gastric bypass 0.01 0.06 0.01 0.05 1.81 4.63a

VHR 0.00 0.03 0.00 0.07 0.00 5.47

Colectomy 0.00 0.03 0.00 0.21 5.52 13.87a

Overall morbidity (%)

Cholecystectomy 3.06 12.08b 9.39 21.66b 28.66 55.50b

Appendectomy 1.53 2.66b 13.14 17.70b 49.63 57.57b

Reflux surgery 8.30 19.18b 17.99 43.78b 47.10 71.43b

Gastric bypass 3.35 7.18b 9.09 12.67b 51.41 57.87a

VHR 6.82 11.41 18.18 25.30a 55.41 62.71

Colectomy 11.36 13.14 22.98 27.17 67.40 68.51

ICU admission (%)

Cholecystectomy 1.20 5.99b 4.40 17.45b 23.31 57.22b

Appendectomy 1.21 1.17 2.98 6.14b 28.94 48.06b

Reflux surgery 4.88 20.57b 9.15 46.09b 38.02 73.18b

Gastric bypass 5.20 12.90b 8.32 18.23b 38.63 58.93b

VHR 1.98 4.09 3.70 10.94b 29.73 52.61b

Colectomy 3.23 5.61 8.33 16.50b 33.33 64.52b

30-day readmission (%)

Cholecystectomy 1.86 3.35b 2.22 5.76b 3.81 7.93b

Appendectomy 1.63 2.65b 4.13 5.38b 4.65 6.39

Reflux surgery 1.45 3.54b 2.22 5.33a 7.32 6.10

Gastric bypass 2.03 5.01b 2.80 5.95b 4.72 8.90b

VHR 3.25 6.30 6.40 8.58 8.11 10.47

Colectomy 3.21 4.56 4.69 6.46 6.43 7.82

Mean length of stay (days)

Cholecystectomy 2.34 ± 1.60 4.51 ± 2.56b 3.58 ± 4.17 6.30 ± 4.06b 8.93 ± 11.20 16.98 ± 23.15b

Appendectomy 1.47 ± 0.92 1.82 ± 1.36b b 3.14 ± 2.61 4.79 ± 3.72b 8.90 ± 11.85 13.96 ± 16.86b

Reflux surgery 2.19 ± 1.59 4.96 ± 3.16b 3.13 ± 3.03 9.55 ± 8.15b 11.71 ± 18.28 20.86 ± 19.14b

Gastric bypass 2.30 ± 0.88 3.24 ± 1.44b 2.61 ± 1.38 3.99 ± 2.58b 7.81 ± 11.91 19.27 ± 45.57b

VHR 2.61 ± 1.77 3.55 ± 2.63b 3.44 ± 4.72 5.34 ± 4.57b 9.34 ± 10.77 18.37 ± 28.98a

Colectomy 4.60 ± 2.13 5.42 ± 2.62b 6.49 ± 3.62 7.63 ± 4.28b 14.43 ± 12.48 21.76 ± 25.12b

Mean hospital costs (US$)

Cholecystectomy 7,924 ± 3,785 11,194 ± 5,696b 10,274 ± 5,869 16,107 ± 11,981b 22,702 ± 35,733 50,682 ± 81,279b

Appendectomy 7,245 ± 3,307 6,099 ± 3,046b 9,703 ± 5,405 10,769 ± 7,099b 24,448 ± 34,679 37,123 ± 52,318b

Reflux surgery 9,459 ± 4,633 13,839 ± 7,032b 12,665 ± 11,139 25,357 ± 19,303b 38,533 ± 61,983 64,374 ± 79,129b

Gastric bypass 13,214 ± 5,496 13,204 ± 6,166 13,836 ± 5,938 14,816 ± 7,775b 32,056 ± 47,035 58,351 ± 132,708b

VHR 11,493 ± 6,109 11,122 ± 8,046 13,016 ± 5,935 14,992 ± 11,657a 29,606 ± 34,744 55,191 ± 84,630a

Colectomy 13,803 ± 5,478 13,255 ± 5,968 19,054 ± 9,818 17,866 ± 9,912 43,817 ± 53,787 67,417 ± 91,171b

Lap laparoscopic procedure; VHR ventral hernia repair; ICU intensive care unit
a p \ 0.01 compared with laparoscopic procedure
b p \ 0.001 compared to laparoscopic procedure
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Outcomes for laparoscopic versus open procedures:

major/extreme illness severity

After stratification, 40,911 patients with major/extreme

severity of illness were found to have undergone one of the

six common surgical procedures included in the study.

Similar to the moderate severity illness group, the majority

of the patients in the major/extreme severity group under-

went open surgery (laparoscopic group 8,540 vs. open

group 32,371; p \ 0.001). The laparoscopic approach was

found to be significantly safer for all the procedures in this

subgroup of patients, as seen in terms of observed mor-

tality. Although the observed mortality rate was lower for

the patients undergoing laparoscopic ventral hernia repair

than for those undergoing open ventral hernia repair, the

difference was not statistically significant (LVHR 0.00%

vs. OVHR 5.47%; p = 0.07). The risk-adjusted mortality

ratio for the major/extreme illness severity patients was

estimated for the six surgical procedures (LC 0.86 vs. OC

1.02; LA 0.95 vs. OA 0.88; LR 0.26 vs. OR 0.64; LGB 0.69

vs. OGB 0.94; LVHR 0.00 vs. OVHR 0.92; LCR 1.17 vs.

OCR 1.25).

Of these patients with major/extreme severity illness,

the laparoscopic group showed significantly reduced

overall morbidity for all the procedures except ventral

hernia repair (LVHR 55.41% vs. OVHR 62.71%;

p = 0.24) and colectomy (LCR 67.40% vs. OCR 68.51%;

p = 0.81). The 30-day readmission rates for the laparo-

scopic approach used to manage appendectomy (LA 4.65%

vs. OA 6.39%; p = 0.09), reflux surgery (LR 7.32% vs.

OR 6.10%; p = 0.76), ventral hernia repair (LVHR 8.11%

vs. OVHR 10.47%; p = 0.64), and colectomy (LCR 6.43%

vs. OCR 7.82%; p = 0.65) were comparable but statisti-

cally not significant relative to the open approach. The

major/extreme illness severity patients in the laparoscopic

group demonstrated significantly lower ICU admission

rates, shorter hospital stays and significantly lower hospital

costs than the open group. These results suggest that the

open approach is preferred for the major/extreme severity

illness patients. However, the outcomes for laparoscopic

surgery were significantly better for the majority of the

outcome measures.

Discussion

Although the advantages of laparoscopic surgery over

conventional open surgery have been demonstrated in

several studies for many surgical procedures [2, 3, 17, 19,

22, 36], a comprehensive analysis of outcomes for common

surgical procedures across different illness severity groups

has never been performed. This study was a retrospective

analysis of multicenter outcomes for laparoscopic surgery

versus open surgery including the safety, efficacy, and cost-

effectiveness of common surgical procedures. The study

results show that laparoscopic surgery offered superior

surgical outcomes for common surgical procedures such as

cholecystectomy, appendectomy, reflux surgery, gastric

bypass, ventral hernia repair, and colectomy.

After stratification by severity of illness, the study

demonstrated a clear clinical benefit and improved or

comparable outcomes in favor of laparoscopic surgery

versus open surgery for these six common surgical proce-

dures. The results showed that laparoscopic surgery is safe,

efficacious, and cost-effective for common surgical pro-

cedures regardless of illness severity.

Overall, laparoscopic surgery proved to be safer than

open surgery, as evidenced by significantly reduced

observed mortality for all the common surgical procedures

included in the study. For all the procedures, the risk of

postoperative death with the open approach was several-

fold higher than with the laparoscopic approach. These

results are consistent with those of previous studies dem-

onstrating the safety of a laparoscopic approach for these

surgical procedures [6, 9, 16, 23, 26, 30].

Risk stratification analysis showed a comparable

observed mortality for minor and moderate illness severity

and a surprisingly reduced mortality for the major/extreme

severity illness group despite the heavy preferential use of

open surgery for this group. Thus, the results demonstrated

the safety of laparoscopic surgery for common surgical

procedures across all illness severity groups.

In addition to significantly reduced mortality, the study

results showed that laparoscopic surgery was associated

with a reduced risk of postoperative complications and

eventually overall reduced postoperative morbidity. These

differences in overall morbidity could be appreciated for

most procedures after a risk stratification analysis.

Although laparoscopic surgery is well recognized for sig-

nificant reduction of postoperative complications [1, 3, 6,

8, 19, 21, 22, 34], such results usually have not been shown

across different illness severity groups. The laparoscopic

group also showed a several-fold reduced risk of ICU

admissions across all severity of illness groups for these

procedures. Thus, these patients have not only a reduced

risk of nonserious complications but also a reduced risk of

serious postoperative complications that may need an ICU

stay.

Another important parameter in evaluating the efficacy

of surgical procedures is the 30-day readmission rate. A

several-fold reduced incidence of 30-day readmission for

some of the common surgical procedures was observed

with the laparoscopic approach. However, for some pro-

cedures such as ventral hernia repair and colectomy, in

particular, the 30-day readmission rates were found to be

comparable with those for open surgery. These readmission
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rates may be an indication of postoperative complications

in the immediate postoperative period requiring a repeat

hospitalization. Thus, for the majority of procedures and

across all severity of illness categories, laparoscopic pro-

cedures were more efficacious than open surgery in terms

of reduced overall morbidity, significantly fewer ICU

admissions, and reduced or comparable 30-day readmis-

sion rates.

Furthermore, the hospital stays were significantly shorter

for the laparoscopic group than for the open surgery group,

consistent with previous studies that have demonstrated

shorter hospital stays for most laparoscopic surgical proce-

dures [2, 3, 6, 8, 16, 17, 19, 21, 22, 30–32, 34, 36]. A shorter

hospital stay appeared to be consistent with reduced post-

operative morbidity with the laparoscopic procedure. The

patients in the laparoscopic group had shorter hospital stays

across all subgroups of illness severity, suggesting that

laparoscopic surgery offers better postoperative outcomes

regardless of the illness severity. The impact of hospital

length of stay, overall postoperative morbidity in terms of

serious and nonserious complications, and ICU admissions

on hospital costs is well recognized. Several studies have

shown a relationship between reduced hospital costs and

laparoscopic technique, primarily due to a reduced length of

hospital stay, a reduced risk of serious complications, and

less morbidity due to the procedure [4, 10, 19, 27].

Our study results showed that overall laparoscopy

reduced hospital costs for all the common procedures, con-

sistent with previous studies [35]. However, for minor risk

patients, the costs of laparoscopy were comparable with

those of open surgery for gastric bypass, ventral hernia

repair, and colectomy, and significantly higher for

appendectomy.

In addition, a trend toward higher hospital costs with

colectomy for the moderate risk group was seen with lapa-

roscopy. Higher costs for laparoscopic appendectomy [18,

33] and comparable costs for minor- and moderate-risk

patients with colectomy [11] have been demonstrated

previously.

This disagreement about hospital costs despite better

outcomes with reduced morbidity and reduced hospital stay

may be due to an increase in operative component costs

with laparoscopic surgery [14, 29, 30]. However, the exact

reason for the increased costs of laparoscopic appendec-

tomy for minor risk patients was not known. For some of

these procedures, most of the estimates for these clinical

outcome measures were consistent with a previous study

using the UHC database [35].

This study had several limitations. It used the UHC

database, which allowed comparison of risk-adjusted out-

comes for the surgical procedures analyzed in this study.

However, these were the results for univariate analysis of

outcomes. Due to the extensive nature of data collection,

multivariate analysis of outcomes could not be performed.

Thus, the effect of potential confounding factors such as

age, sex, and race could not be evaluated in this study.

Another drawback was that the patient population under-

going laparoscopic and open surgery had significant dif-

ferences. Because this study was a retrospective analysis of

available data, these variables could not be statistically

controlled and the impact of such differences on patient

outcomes is not known. In addition, the impact of different

disease diagnoses and conversions on clinical outcomes for

a particular procedure was not examined in this study.

Future studies examining the impact of such factors on

clinical outcomes are warranted.

Furthermore, some procedures such as ventral hernia

repair and colectomy showed some amount of variation

and outcomes comparable with those of open surgery

across illness severity groups. The reason for this variation

or nonsignificant difference in outcomes could not be

evaluated. This study measured only immediate postoper-

ative outcomes. It did not perform a comparative evalua-

tion of quality of life or long-term surgical or postoperative

functional outcomes such as cosmesis, pain, and return to

activity after laparoscopic or open surgery.

Overall, the study findings confirmed previous study

results and demonstrated the superiority of laparoscopy over

conventional open surgery technique across all illness

severity risk groups for common surgical procedures.

Patients in the laparoscopic group showed either superior or

comparable clinical results in terms of mortality, overall

morbidity, ICU or 30-day readmission rates, hospital stay,

and hospital costs for all common surgical procedures

regardless of illness severity. The results, in general, showed

that laparoscopic surgery is safe, efficacious, and cost-

effective compared with open surgery and suggest that

laparoscopic surgery should be the procedure of choice for

all common surgical procedures regardless of illness

severity.
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