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Abstract

Background Disparities in outcome across race and eth-

nicity have been consistently described for medical and

surgical care. Given that surgery is a rapidly evolving field,

we hypothesized that racial disparities exist in access to

minimally invasive surgery (MIS), which importantly

influences outcome.

Methods Cohort analysis of all patients who underwent

appendectomy, gastric fundoplication, and gastric bypass in

the Nationwide Inpatient Sample, a 20% stratified random

sample of US hospital discharge abstracts. To determine the

effect of race on the use of MIS techniques and morbidity and

mortality, we controlled for patient characteristics, comor-

bidity, and hospital characteristics including surgical volume

and MIS conversion to open surgery.

Results Blacks were consistently less likely to be treated

with MIS despite adjustment for socioeconomic status,

comorbidity, and treatment setting. In addition, in-hospital

mortality and complications such as pneumonia, heart

disease, infections, and surgical misadventures were higher

in black than white patients. These outcomes differences

remained despite adjustment for hospital volume, the use of

MIS, and MIS conversion to open surgery.

Conclusions We demonstrate evidence of racial dispari-

ties in the use of MIS for benign surgical conditions and

worse outcomes for patients of black race. Although, the

racial differences in outcome were attenuated with

adjustment for MIS, further studies are needed to help

resolve remaining differences in outcomes across race.

Keywords Disparity � Laparoscopy � Technique �
Surgery � Race � Access

With one of the most racially and ethnically diverse pop-

ulations, the USA has large racial and ethnic disparities in

access to medical and surgical treatment, as well as in

outcomes. These disparities have been described for a

number of medical treatments including access to kidney

transplant [1], osteoarthritis therapies [2], cancer therapy

[3], and human immunodeficiency virus (HIV) treatment

[4]. Given the vast body of data detailing healthcare dis-

parities, the Department of Health and Human Services, as

well as other federal agencies and nongovernment organi-

zations, has decided to make the elimination of healthcare

disparities one of two overarching goals [5]. Yet, evidence

of persistent healthcare disparities across race and ethnicity

pervade the medical literature. These disparities are not

simply of academic interest; they produce substantial costs

in terms of medical care for more advanced diseases, loss

of wages, impact to the economy in terms of life years

lost, in addition to the unsettling societal and justice

Presented at the 2008 SAGES Annual Meeting.

R. Ricciardi (&) � P. W. Marcello � P. L. Roberts

Department of Colon and Rectal Surgery, Lahey Clinic,

Tufts University, 41 Mall Road, Burlington, MA 01805,

USA

e-mail: rocco.ricciardi@lahey.org

R. Ricciardi � H. P. Selker

Institute for Clinical Research and Health Policy Studies,

Tufts University, Boston, MA, USA

N. N. Baxter

Department of Surgery and Li Ka Shing Knowledge Institute,

St. Michael’s Hospital, University of Toronto,

Toronto, ON, Canada

B. A. Virnig

Division of Policy and Management, University of Minnesota

School of Public Health, Minneapolis, MN, USA

123

Surg Endosc (2008) 22:1977–1986

DOI 10.1007/s00464-008-0003-0



implications. In addition, the Institute of Medicine’s report

Crossing the Quality Chasm recommends that health care

should be safe, effective, patient-centered, timely, efficient,

and equitable [6].

In the setting of surgical treatment, few studies have

sought to assess disparities in access to quality surgical

care or innovative techniques. One class of surgical tech-

niques, minimally invasive surgery (MIS), is associated

with improved preservation of the immune system, faster

recovery, and less postoperative pain, while leading to

improved aesthetic results compared with conventional

open surgery [7, 8]. Given the outcome benefits of MIS, it

is considered state-of-the-art care for many conditions. For

appendectomy, gastric bypass, and fundoplication, the

safety and advantages of MIS have been consistently

documented [9–16]. In addition to the outcomes advantage

for MIS, technique adaptation represents a method to

understand the diffusion of new technology into the

nation’s healthcare system. Thus, given the advantages of

MIS and the fact that it represents new technology with

varying acceptance and performance, we chose to evaluate

the presence of disparities in its use.

We hypothesized that minority populations, in particular

patients of black race, are less likely to receive surgical care

with MIS techniques, leading to worse surgical outcomes as

compared with white patients. In order to test our hypothesis,

we examined a cohort of patients with benign conditions who

underwent surgical treatment (specifically for appendec-

tomy, gastric bypass, and gastric fundoplication). We then

developed multivariable models that adjust for patient

demographics, comorbidity, and hospital characteristics.

The effect of race, other patient demographics, comorbidity,

and hospital characteristics on surgical outcomes was tested

with and without adjustment for use of MIS.

Methods

Data sources

We obtained 2004 discharge data from the Nationwide

Inpatient Sample (NIS) via the Healthcare Cost and Utili-

zation Project of the Agency for Healthcare Research and

Quality (AHRQ). The NIS—the largest source of all-payer

hospital discharge information in the USA—is a unique

and powerful tool. It includes data from about 8,000,000

hospital stays per year in 1,000 hospitals located in 35

states, approximating a 20% stratified sample of the USA’s

community hospitals. It provides information on patient

demographics, socioeconomic factors, admission profiles,

hospital profiles, state, discharge diagnoses, procedure

codes, total charges, and vital status at hospital discharge.

Along with other hospital discharge databases, the NIS has

been used extensively to review trends in surgical care and

outcomes [17], volume-outcome relationships [18], and

disparities in care [19]. A data use agreement is held by

AHRQ; for our study, all study protocols were considered

exempt by the Lahey Clinic Institutional Review Board.

Patient data

We used procedure codes from the International Classifi-

cation of Diseases (ICD-9) to identify all patients who were

discharged following one of three procedures: appendec-

tomy, gastric bypass, and fundoplication. The ICD-9

procedure code for open appendectomy is 47.09, whereas

laparoscopic appendectomy is coded 47.01. Open gastric

bypass is coded 44.31, 44.39, 44.50, and 44.69 [16],

whereas laparoscopic gastric bypass is coded 44.38. The

ICD-9 procedure code for open fundoplication is 44.65 and

44.66, whereas laparoscopic fundoplication is coded 44.67.

In order to reduce the possibility of confounding from case

mix, we selected out patients treated with the above pro-

cedures for similar indication and excluded those treated

for reasons other than benign pathology. Appendectomy

patients had a diagnostic code for appendicitis (ICD-9 code

540–542). Gastric bypass patients had a diagnosis of

morbid obesity (ICD-9 code 278–278.1) and were excluded

if they had concomitant diagnosis of gastrointestinal

bleeding, gastric cancer, or other malignancy [16]. Fun-

doplication patients were excluded if there was a

concomitant diagnosis of neoplasm. In addition, to reduce

the likelihood of procedure heterogeneity, we included

only those patients who had undergone these procedures as

the principal procedure of the hospitalization.

Covariates

In addition to patient’s race, we evaluated the effect of

other patient demographics, comorbidity, hospital charac-

teristics, hospital surgical volume, and likelihood of MIS

conversion to open surgery. The NIS contains information

regarding age, sex, payer (Medicare, Medicaid, private,

self-pay, no-charge, and other), and yearly income infor-

mation at the zip-code level for the place of permanent

residence (US $1–35,999, US $36,000–44,999, US

$45,000–58,999, and US $59,000 or more). We also

evaluated comorbidity with the Deyo modification of the

Charlson comorbidity index [20]. Briefly, we ascertained

the presence of 17 comorbid conditions and then weighted

them according to the original report by Charlson [21]. An

elevated Charlson comorbidity index has been shown to

correlate with mortality [21].

We also evaluated characteristics of the hospital per-

forming the procedure. We specifically used the variables

for teaching status (teaching or nonteaching); hospital

1978 Surg Endosc (2008) 22:1977–1986

123



region (Northeast, Midwest, South, and West); hospital

location (urban or rural); hospital ownership (government/

private, public nonfederal, private nonprofit, private

investment owned, and private other); and hospital bedsize

(small, medium, or large). In addition, we evaluated hos-

pital procedure volume by designating hospitals based on

annual procedure volume in quintiles [22]. Finally, in order

to adjust for procedure complexity or surgeon inexperi-

ence, we calculated the likelihood of MIS conversion to

open surgery (ICD-9 code V644–V6441) [23].

Outcomes

Outcomes included: (1) use of MIS, (2) mortality, and (3)

surgical complications. We used the standard ICD-9 codes

to define access to MIS as described above. To measure

mortality, we used the vital status codes at the time of

discharge during the inpatient stay. Although the NIS does

not include 30-day mortality rates, in-hospital mortality has

been shown to correlate closely with 30-day mortality [24].

To evaluate postoperative complications, we used the

expanded version, the Utah/Missouri adverse event classi-

fication, 2002, version 1 (AE classes) [25, 26]. These

adverse event classes are more sensitive and detect far

more potential injuries due to medical care, but may

include more false positives than the Agency for Health-

care Research and Quality’s Patient Safety Indicators [26].

Analysis

We compared patient characteristics and hospital charac-

teristics of patients who underwent open surgery as

compared with MIS for the aggregated cohort. We used chi-

square tests for categorical variables (sex, payer, income

status, and all hospital characteristics) and Student’s t-test for

continuous variables (age and comorbidity). Next, we

developed regression models to determine the effect of race

on outcomes following the defined procedures. We specifi-

cally evaluated the outcomes of in-hospital mortality and

postoperative complications as defined by the Utah/Missouri

adverse event classification [26]. We adjusted for the patient

demographics, comorbidity, hospital characteristics, hospi-

tal volume, and likelihood of MIS conversion to open

surgery as well as type of procedure performed. For these

surgical outcomes we also evaluated the effect of MIS.

Because the NIS removes race status for about 20% of all

patients, we performed the regression twice: once treating

missing race as a separate category and once excluding

patients with missing race.

All statistical analyses were performed using SAS ver-

sion 9.13 (SAS Institute, Cary, NC). All tests of statistical

significance were two-sided; a p-value of less than 0.05

was considered statistically significant.

Results

Demographics of cohort

The aggregated cohort consisted of 88,545 patients and the

most commonly performed procedure was appendectomy,

followed by gastric bypass, and then fundoplication. White

race was the most common racial designation followed by

black race and Hispanic ethnicity (Table 1). The most

common payer was a private insurer, followed by Medic-

aid, and then Medicare. There was a relative equivalency of

incomes across zip codes, and the majority of patients were

female. The Charlson score averaged 0.25 ± 0.002, indi-

cating a low degree of comorbidity among this group of

inpatients with benign surgical conditions. Geographically,

these surgical procedures were most commonly performed

in the South and in large hospitals located in urban settings

(Table 2).

Univariate analysis of patient characteristics

As shown in Table 1, of the 88,545 patients, 58,514

(66.1%) were treated by standard open techniques and

30,031 (33.9%) were treated with MIS. Native Americans

and Hispanics were proportionately more likely to have

MIS, whereas blacks were the least likely to have MIS.

Also, patients treated with MIS were younger than patients

treated with open techniques; men were more likely to

undergo MIS than women. Although private payers rep-

resented the largest insurer group, patients with

commercial preferred provider organizations or health

maintenance organizations (HMO) insurance were more

likely to undergo MIS. Patients in higher income levels

were proportionately more likely to undergo MIS. Finally,

patients treated with MIS had significantly lower mean

Charlson scores than those treated with open techniques.

Univariate analysis of hospital characteristics

Teaching hospitals were slightly more likely to use MIS than

nonteaching hospitals (Table 2). Hospitals in the Western

part of the USA were proportionately more likely to treat

patients with MIS than those hospitals in other regions of the

USA. A significantly higher proportion of patients were

treated with MIS techniques at urban hospitals and private/

nonprofit facilities. However, proportionately the largest

hospitals were the least likely to treat patients with MIS

(Table 2).

Hospital volume

Blacks were proportionately more likely than other racial

and ethnic groups to receive care at the highest-volume

Surg Endosc (2008) 22:1977–1986 1979
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hospitals (Table 3). In addition, the highest overall volume

hospitals were also the least likely to perform MIS tech-

niques. Also, the lowest volume hospitals had the highest

rate of conversion to open surgery (Table 3).

Mortality data

Mortality in this group of surgically treated patients was

0.16% (140 patients). Blacks were much more likely to

experience inpatient mortality than whites (2.6/1000

patients versus 1.6/1000 patients, respectively, p \ 0.05)

(Table 4). Patients who underwent MIS were less likely to

experience inpatient mortality than were patients treated

with conventional open surgery (p \ 0.0001). There was no

significant difference in mortality across volume designa-

tions. There was a higher mortality following fundoplication

(5.8/1000 patients) as compared with gastric bypass (1.6/

1000 patients) and appendectomy (1.1/1000 patients)

(p \ 0.001).

Morbidity

In-hospital surgical complications were rare for this sub-

group of patients treated for benign conditions. However,

there were large differences in the rate of surgical com-

plications by race. Blacks had higher rates of pneumonia,

postoperative gastrointestinal complications, gastrointesti-

nal ulcers and bleeding, respiratory complications, heart

disease, infections, and surgical misadventures as com-

pared with white patients (Table 5). Other complication

rates were equivalent except that whites experienced more

myocardial infarctions than blacks (Table 5).

Multivariable analysis

Multivariable analyses revealed that patient characteristics

such as black race, increasing age, government insurance,

lower income, and increasing Charlson score were associ-

ated with reduced use of MIS. The odds ratio (OR) for MIS

Table 1 Summary of patient

characteristics with percentage

of total group presented. Age

and Charlson score are

presented as means. Statistical

significance provided for the

comparison of the open and

MIS technique for each variable

a Age missing in 425
b Sex missing in 1,852
c Payer missing in 142
d Income by zip code missing

in 1,927

n Percentage of total Open MIS p value

Procedure 0.0001

Fundoplication 5,648 6.4% 4,948 (87.6%) 700 (12.4%)

Gastric bypass 24,264 27.4% 21,367 (88.1%) 2,897 (11.9%)

Appendectomy 58,633 66.2% 32,199 (54.9%) 26,434 (45.1%)

Total 88,545 58,514 (66.1%) 30,031 (33.9%)

Race 0.0001

White 46,310 52.3% 30,475 (65.8%) 15,835 (34.2%)

Black 5,320 6.0% 3,860 (72.6%) 1,460 (27.4%)

Hispanic 10,436 11.8% 6,353 (60.9%) 4,083 (39.1%)

Asian 1,232 1.4% 704 (57.1%) 528 (42.9%)

Native American 253 0.3% 128 (50.6%) 125 (49.4%)

Other 1,927 2.2% 1,296 (67.3%) 631 (32.8%)

Missing 23,067 26.1% 15,698 (68.1%) 7,369 (32.0%)

Agea 88,120 35.4 ± 18.2 36.5 ± 18.4 33.3 ± 17.7 0.0001

Sexb 0.0001

Male 38,627 44.6% 24,324 (63.0%) 14,303 (37.0%)

Female 48,066 55.4% 33,071 (68.8%) 14,995 (31.2%)

Payer 0.0001

Medicare 7,158 8.1% 5,248 (73.3%) 1,910 (26.7%)

Medicaid 11,301 12.8% 7,374 (65.3%) 3,927 (34.8%)

Private 58,368 66.0% 38,344 (65.7%) 20,024 (34.3%)

Commercial PPO 7,898 8.9% 5,015 (63.5%) 3,045 (36.5%)

HMO 553 0.6% 351 (63.5%) 202 (36.5%)

Other 3,125 3.5% 2,074 (66.4%) 1,051 (33.6%)

Income by quartiled 88,403 0.0001

US $1–35,999 20,297 23.4% 13,952 (68.7%) 6,345 (31.3%)

US $36,000–44,999 21,900 25.3% 15,048 (68.7%) 6,852 (31.3%)

US $45,000–59,999 21,043 24.3% 13,850 (65.8%) 7,193 (34.2%)

US $60,000 or more 23,378 27.0% 14,431 (61.7%) 8,947 (38.3%)

Charlson score 88,545 0.25 0.29 0.17 0.0001
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use was 0.77 in black compared with white patients

(Table 6). Hospital characteristics such as treatment in the

West, nonteaching facility, rural hospital, small hospital,

and facilities with very high overall procedure volumes

were also associated with reduced use of MIS.

In our multivariable analysis of mortality, MIS was

associated with reduced mortality. Despite this finding,

persistent racial differences in mortality existed even after

adjusting for patient and hospital characteristics. Patients of

black race had higher mortality then whites with adjust-

ment for MIS. We noted that male sex, government

insurance, increasing age, and Charlson score were all

associated with increased mortality. Hospital characteris-

tics such as treatment in the South or West were associated

Table 2 Summary of hospital

characteristics with percentage

of total group presented.

Statistical significance provided

for the comparison of the open

and MIS technique for each

variable

n Percentage of total Open MIS p value

Hospital teaching status 0.03

Nonteaching 48,835 55.2 36,247 (66.4%) 16,408 (33.6%)

Teaching 39,710 44.8 26,087 (65.7%) 13,623 (34.3%)

Region of hospital 0.0001

Northeast 19,209 21.7 12,976 (67.6%) 6,233 (32.4%)

Midwest 17,155 19.4 11,995 (69.9%) 5,160 (30.1%)

South 30,185 34.1 19,890 (65.9%) 10,295 (34.1%)

West 21,996 24.8 13,653 (62.1%) 8,343 (37.9%)

Rurality of hospital 0.0001

Rural 9,534 10.8 6,680 (70.1%) 2,854 (29.9%)

Urban 79,011 89.2 51,834 (65.6%) 27,177 (34.4%)

Hospital control 0.0001

Gov/private 52,641 59.4 34988 (66.5%) 17,653 (33.5%)

Public nonfederal 5,751 6.5 3,820 (66.4%) 1,931 (33.6%)

Private/nonprofit 17,017 19.2 10,756 (63.2%) 6,261 (36.8%)

Private/investor owned 9,722 11.0 6,648 (68.4%) 3,074 (31.6%)

Other private 3,414 3.9 2,302 (67.4%) 1,112 (32.6%)

Hospital bedsize 0.0001

Small 11,044 12.5 7,265 (65.8%) 3,779 (34.2%)

Medium 25,627 28.9 16,176 (63.1%) 9,451 (36.9%)

Large 51,874 58.6 35,073 (67.6%) 16,801 (32.4%)

Table 3 Summary of patient race, MIS use, and likelihood of conversion by annual hospital volume. Statistical significance provided for the

comparison between volume designations for each variable

Very low volume Low volume Mid volume High volume Very high volume p value

Race 0.0001

White 9,069 (19.6%) 8,467 (18.3%) 8,289 (17.9%) 9,284 (20.1%) 11,201 (24.2%)

Black 805 (15.1%) 864 (16.2%) 881 (16.6%) 1,210 (22.7%) 1,560 (29.3%)

Hispanic 1,362 (13.1%) 2,379 (22.8%) 2,208 (21.2%) 2,566 (24.6%) 1,921 (18.4%)

Asian 243 (19.7%) 358 (29.1%) 190 (15.4%) 236 (19.2%) 205 (16.6%)

Native American 87 (34.4%) 30 (11.9%) 49 (19.4%) 56 (22.1%) 31 (12.3%)

Other 397 (20.6%) 582 (30.2%) 374 (19.4%) 312 (16.2%) 262 (13.6%)

Missing 5,545 (24.0%) 5,095 (22.1%) 5,597 (24.3%) 4,255 (18.5%) 2,575 (11.2)%

MIS 0.0001

No 11,354 (64.9%) 11,169 (62.8%) 11,878 (67.5%) 11,308 (63.1%) 12,805 (72.1%)

Yes 6,154 (35.2%) 6,606 (37.2%) 5,710 (32.5%) 6,611 (36.9%) 4,950 (27.9%)

Conversion 0.0001

Yes 642 (10.4%) 534 (8.1%) 340 (6.0%) 370 (5.6%) 279 (6.0%)

No 5,512 (89.6%) 6,072 (91.9%) 5,370 (94.0%) 6,241 (94.4%) 4,671 (94.0%)

Total 17,508 17,775 17,588 17,919 17,755
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with higher mortality but not other factors such as hospital

control, bedsize, or rurality of the treatment location.

Patients treated with fundoplication and gastric bypass

were much more likely to experience mortality than those

treated with appendectomy. In addition, although MIS

conversion to open surgery was not associated with an

increased mortality, patients treated at hospitals with very

high volume were less likely to experience inpatient mor-

tality (Table 7).

Among surgical complications, we found an increased

risk for pneumonia, gastrointestinal ulcer and bleeding,

other respiratory complications, heart disease, infections,

and surgical misadventures for black patients as compared

with whites. These outcomes differences persisted despite

adjustment for other patient factors and hospital charac-

teristics including hospital volume, use of MIS, and

likelihood for MIS conversion to open surgery (Table 8).

Discussion

There is extensive evidence demonstrating racial disparities

in healthcare access and outcomes, leading to national

attention and calls to eradicate healthcare disparities by 2010

[5]. Yet, eliminating long-standing disparities requires

greater understanding of the underlying mechanisms of

variability. A number of underlying causes have been

described, including financial constraints, physician bias,

segregated healthcare systems for disadvantaged popula-

tions, and a lack of access to advanced technologies [3, 27–

32]. A characteristic of surgery is the rapid development of

new procedures and minimally invasive technologies which

has led to marked reductions in morbidity and mortality [9–

16]. Given that advanced surgical methods are seldom

available to all patients, we hypothesized that disparate

access to MIS may account for outcomes differences in

surgical care.

We found significant differences in access to MIS based

on racial and economic designations; patients of black race

were less likely than whites to undergo MIS techniques in

the treatment of benign disorders. This disparity in access

to MIS was noted despite the fact that blacks underwent

treatment at high-volume hospitals. Others have also

described variable access to high-quality surgical care for

disadvantaged populations [33–37]. For example, blacks

are more likely to forego aggressive operative procedures

for prostate cancer than white patients [37]. In colorectal

cancer treatment, minority populations are less likely to

Table 4 Summary of mortality results as a function of race, surgical

access, and hospital volume designation. Statistical significance pro-

vided for the comparison within race, or surgical access or hospital

volume

n* Died Proportion p value

Race 0.05

White 46,308 72 0.16%

Black 5,319 14 0.26%

Hispanic 10,435 11 0.11%

Asian 1,232 3 0.24%

Native American 253 1 0.40%

Other 1,927 7 0.36%

Missing 23,066 32 0.14%

Procedure 0.0001

MIS 30,029 22 0.07%

Open 58,511 118 0.20%

Volume 0.1

Very low 17,507 34 0.19%

Low 17,774 36 0.20%

Mid 17,585 26 0.15%

High 17,919 26 0.15%

Very high 17,755 18 0.10%

Total 88,540 140 0.16%

* Information regarding death missing in five patients

Table 5 Summary of morbidity results as a function of race. Sta-

tistical significance provided for the comparison between white and

black race

White % Black % p
value

Reopening of surgical incision 1 0.00 0 0.00 0.73

Postoperative bleeding 9 0.02 1 0.02 0.97

Perforation or laceration 89 0.19 14 0.26 0.27

Septic complications 152 0.33 25 0.47 0.09

Pneumonia 393 0.85 67 1.26 0.003

Procedural complication 1,191 2.57 141 2.65 0.73

Complications of specified

systems

2,163 4.67 242 4.55 0.69

Complications peculiar to

procedures

2 0.00 0 0.00 0.63

Urinary tract infections 223 0.48 32 0.60 0.24

Nausea/vomiting/diarrhea 921 1.99 95 1.79 0.31

Postoperative GI complications 57 0.12 12 0.23 0.05

GI ulcer or bleed 181 0.39 32 0.60 0.02

Respiratory complications 1,637 3.53 239 4.49 0.0004

Diseases of veins and lymphatics 100 0.22 8 0.15 0.32

Heart disease 16 0.03 5 0.09 0.04

Pulmonary embolism 47 0.10 3 0.06 0.32

Myocardial infarction 64 0.14 2 0.04 0.05

Other infections 602 1.30 103 1.94 0.0002

Medical complications 43 0.09 2 0.04 0.2

Accidental cut complication 337 0.73 31 0.58 0.24

Surgical misadventure 8 0.02 4 0.08 0.009

Surgery abnormal reaction 0 0.00 0 0.00 NS

Other abnormal reaction 0 0.00 0 0.00 NS

1982 Surg Endosc (2008) 22:1977–1986
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have any surgical treatment and are particularly less likely

to have sphincter-sparing procedures for rectal cancer [33,

34]. Our data as well as those of others indicate that blacks

do not have equal access to surgical advances in the USA, a

finding that likely parallels disparities in access to other

important techniques. Thus, it would seem particularly

important to account for access to high-quality surgical

technique when evaluating racial differences in outcomes

for surgical conditions.

In addition to disparate access to MIS by race, we found

racial differences in outcomes of surgical treatment of

benign conditions. After adjusting for other patient char-

acteristics, comorbidity, and hospital characteristics, the

data consistently revealed racial differences in outcome.

Black patients had poorer morbidity and mortality as

compared with white patients for the three analyzed con-

ditions. Given the observed improvement in outcomes

afforded by MIS, access to this surgical technique should

be offered equally to all populations. Yet, despite the

observed improvement in outcome with MIS, black

patients had much lower rates of MIS and considerably

worse outcomes.

This study uses access to MIS as a marker of new

advances in surgical care. Because conventional open

procedures provide similar surgical cure, the performance

of MIS was considered novel with less short-term mor-

bidity and mortality. When patients are confronted with a

choice between open and MIS approaches, most select the

less invasive approach because of the perceived general

health benefits and smaller incisions [38, 39]. This fact may

explain why patients living in higher-income levels and

those with private insurance were more likely to receive

MIS techniques. Others have used process measures [40]

and surgical volume [22] to define high-quality care and

relate these measures to outcome. In our study, we adjusted

for surgical volume and conversion from MIS to open

surgery in order to reduce the role of confounding from

hospital quality. We expected that high-volume hospitals

were likely to demonstrate improved outcomes and that

patients converted to open surgery may have had either

Table 6 Results of multivariable analysis determining the likelihood

of having MIS technique

Variable Odds of having minimally

invasive surgery, odds

ratio (confidence internval)

Race

White Referent

Black 0.77 (0.72–0.82)

Hispanic 0.93 (0.88–0.98)

Asian 0.99 (0.88–1.12)

Native American 1.88 (1.46–2.43)

Other 0.77 (0.69–0.85)

Missing 0.95 (0.92–0.99)

Sex

Female Referent

Male 1.01 (0.98–1.04)

Age (increasing decade) 0.96 (0.95–0.97)

Payer

Medicare 0.91 (0.85–0.97)

Medicaid 0.86 (0.82–0.91)

Private Referent

Commercial PPO 0.92 (0.88–0.97)

HMO 0.85 (0.71–1.01)

Other 0.91 (0.84–0.99)

Income by Quartile

US $1–35,999 0.78 (0.75–0.82)

US $36,000–44,999 0.83 (0.79–0.86)

US $45,000–59,999 0.89 (0.85–0.93)

US $60,000 or more Referent

Charlson score (increasing) 0.81 (0.78–0.83)

Hospital teaching status

Nonteaching 0.79 (0.75–0.83)

Teaching Referent

Region of hospital

Northeast Referent

Midwest 0.95 (0.90–1.00)

South 1.15 (1.09–1.20)

West 0.80 (0.76–0.85)

Rurality of hospital

Rural 0.73 (0.68 –0.78)

Urban Referent

Hospital control

Gov/private 0.87 (0.82–0.92)

Public nonfederal 1.06 (0.99–1.13)

Private/nonprofit Referent

Private/investor owned 0.94 (0.88–0.99)

Other private 1.24 (1.18–1.38)

Hospital bedsize

Small 0.91 (0.86–0.95)

Medium 1.06 (1.02–1.09)

Large Referent

Table 6 continued

Variable Odds of having minimally

invasive surgery, odds

ratio (confidence internval)

Procedural volume

Very low volume Referent

Low volume 0.94 (0.89–0.99)

Mid volume 0.76 (0.72–0.80)

High volume 1.02 (0.96–1.09)

Very high volume 0.73 (0.69–0.78)
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more difficult surgical procedures or less experienced

surgeons. Despite these adjustments, we found persistent

disparities in MIS access for black patients and persistent

racial differences in outcomes. During this adjustment we

also noted that the largest hospitals were the least likely to

treat patients with MIS and the lowest-volume hospitals

had the highest rate of conversion to open surgery.

Although our data does not allow clarification of the

rationale behind this difference, it may partially explain

noted differences in clinical outcomes attributed to the

volume–outcome relationship.

Reduced access to MIS techniques partially explains

the differences in outcomes that blacks experience as

compared with whites. Unfortunately the link between

access to high-quality surgery and outcome is often dif-

ficult to demonstrate conclusively. For example, in a

recent evaluation of current heart failure performance

Table 7 Results of multivariable analysis determining the likelihood

of mortality

Odds of mortality, odds ratio

(confidence interval)

Minimally invasive surgery

Open Referent

MIS 0.53 (0.33–0.86)

Race

White Referent

Black 2.01 (1.10–3.69)

Hispanic 1.33 (0.67–2.63)

Asian 1.54 (0.46–5.20)

Native American 4.35 (0.57–32.96)

Other 3.90 (1.73–8.78)

Missing 0.98 (0.63–1.52)

Sex

Female Referent

Male 2.10 (1.47–2.99)

Age (increasing decade) 1.58 (1.40–1.79)

Payer

Medicare 3.91 (2.40–6.36)

Medicaid 3.81 (2.08–7.01)

Private Referent

Commercial PPO 0.68 (0.21–2.24)

HMO 3.06 (0.40–23.24)

Other 1.28 (0.39–4.21)

Income by quartile

US $1–35,999 1.58 (0.89–2.80)

US $36,000–44,999 1.278 (0.72–2.28)

US $45,000–59,999 1.50 (0.86–2.64)

US $60,000 or more Referent

Charlson score (increasing) 1.37 (1.22–1.55)

Hospital teaching status

Nonteaching 1.07 (0.59–1.95)

Teaching Referent

Region of hospital

Northeast Referent

Midwest 1.67 (0.87–3.20)

South 2.56 (1.32–4.98)

West 2.13 (1.03–4.42)

Rurality of hospital

Rural 0.68 (0.31 –1.49)

Urban Referent

Hospital control

Gov/private 1.82 (0.86–3.86)

Public nonfederal 0.69 (0.29–1.65)

Private/nonprofit Referent

Private/investor owned 1.24 (0.65–2.36)

Other private 2.16 (0.74–6.28)

Hospital bedsize

Small 0.64 (0.33–1.22)

Table 7 continued

Odds of mortality, odds ratio

(confidence interval)

Medium 0.69 (0.45–1.05)

Large Referent

Surgery

Appendectomy Referent

Fundoplication 2.51 (1.58–3.97)

Gastric bypass 2.08 (1.27–3.41)

Procedural volume

Very low volume Referent

Low volume 1.00 (0.58–1.73)

Mid volume 0.68 (0.34–1.36)

High volume 0.68 (0.34–1.36)

Very high volume 0.41 (0.19–0.89)

Laparoscopic conversion

No Referent

Yes 0.35 (0.08–1.42)

Table 8 Results of multivariable analysis determining the likelihood

of key morbidity characteristics. Odds ratio and confidence interval

listed for each variable for black race as compared with white race

Black race

Pneumonia 1.50 (1.14–1.97)

Postoperative GI disorders 1.58 (0.82–3.04)

GI ulcer or bleed 1.51 (1.02–2.23)

Respiratory complications 1.24 (1.07–1.43)

Heart disease 2.96 (1.03–8.49)

Myocardial infarction 0.33 (0.07–1.43)

Other infections 1.49 (1.20–1.86)

Surgical misadventure* 4.39 (1.19–16.24)

* Separation of parameter estimates for non-race-related variables
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measures, little relationship was noted between these

performance measures and patient mortality [41]. How-

ever, in the case of colorectal cancer, disparate access to

particular surgical techniques has been linked to marked

reductions in overall and disease-free survival [42]. It is

for this reason that we opted to compare access and

outcomes for procedures that can be performed with MIS

or with open conventional surgery. Our study does reveal

that patients treated with MIS have improved outcomes

and that there was an attenuation of the race effect on

mortality once we adjusted for MIS technique. Thus,

equal access to MIS techniques would certainly reduce

some of the outcomes differences of surgery, but further

research is needed in order to explain these outcomes

differences completely.

Our study has strengths and limitations that are specific

to the use of administrative data. NIS data files do not

provide clinical details commonly found in the medical

record, such as operative risk or patient preference of

procedure. In addition, while the small number of in-hos-

pital deaths following these procedures is encouraging, the

absolute number of deaths between race categories was

small and reduces the strength of our conclusions. Despite

these limitations, the ability to compare multiple proce-

dures with appropriate procedure codes for MIS is a

significant advantage of our analysis. Also, the represen-

tative nature of this large generalizable cohort of

hospitalized patients treated surgically in 35 states across

different geographic regions of the USA indicates that

these differences in procedure use occur across practice

settings and locations.

In conclusion, our data reveal large differences in the

use of MIS across race even after adjusting for patient

factors, comorbidity, and hospital characteristics. These

differences were identified across procedures, regions of

the nation, and practice settings, indicating a larger prob-

lem of access to high-quality procedures and advanced

techniques. In addition, we found persistently worse out-

comes for black as compared with white patients. This

difference in outcome was attenuated after we adjusted for

use of MIS, but further studies are needed to help resolve

remaining differences in outcomes across race. Thus, given

disparate racial access to MIS and the noted improvements

when this technique was used, it appears that some of these

outcomes differences might be attenuated with equal

access to advanced surgical procedures such as MIS.

References

1. Epstein AM, Ayanian JZ, Keogh JH, Noonan SJ, Armistead N,

Cleary PD, Weissman JS, David-Kasdan JA, Carlson D, Fuller J,

Marsh D, Conti RM (2000) Racial disparities in access to renal

transplantation–clinically appropriate or due to underuse or

overuse? NEJM 343:1537–1544

2. Carrillo JE, Green AR, Betancourt JR (1999) Cross-cultural pri-

mary care: a patient-based approach. Ann Intern Med 130:829–

834

3. Ayanian JZ, Cleary PD, Weissman JS, Epstein AM (1999) The

effect of patients’ preferences on racial differences in access to

renal transplantation. NEJM 341:1661–1669

4. Menke TJ, Giordano TP, Rabeneck L (2003) Utilization of health

care resources by HIV-infected white, African-American, and

Hispanic men in the era before highly active antiretroviral ther-

apy. JAMA 95:853–861

5. U.S. Department of Health and Human Services. Healthy People

2010. URL: http://www.healthypeople.gov/. Accessed November

7, 2006

6. Institute of Medicine (2001) Crossing the Quality Chasm.

National Academy of Sciences, Washington, DC

7. Targarona EM, Balague C, Knook MM, Trias M (2000) Lapa-

roscopic surgery and surgical infection. Br J Surg 87:536–544

8. Guller U, Jain N, Hervey S, Purves H, Pietrobon R (2003) Lap-

aroscopic vs open colectomy: outcomes comparison based on

large nationwide databases. Arch Surg 138:1179–1186

9. Sauerland S, Lefering R, Neugebauer EA (2004) Laparoscopic

versus open surgery for suspected appendicitis. Cochrane Data-

base Syst Rev 18(4):CD001546. Review

10. Finlayson SR, Laycock WS, Birkmeyer JD (2003) National

trends in utilization and outcomes of antireflux surgery. Surg

Endosc 17:864–867

11. Laine S, Rantala A, Gullichsen R, Ovaska J (1997) Laparoscopic

vs conventional Nissen fundoplication. A prospective randomized

study. Surg Endosc 11:441–444

12. Salminen PT, Hiekkanen HI, Rantala AP, Ovaska JT (2007)

Comparison of long-term outcome of laparoscopic and conven-

tional nissen fundoplication: a prospective randomized study with

an 11-year follow-up. Ann Surg 246:201–206

13. Chrysos E, Tsiaoussis J, Athanasakis E, Zoras O, Vassilakis JS,

Xynos E (2002) Laparoscopic vs open approach for Nissen fun-

doplication. A comparative study. Surg Endosc 16:1679–1684

14. Nguyen NT, Goldman C, Rosenquist CJ, Arango A, Cole CJ, Lee

SJ, Wolfe BM (2001) Laparoscopic versus open gastric bypass a

randomized study of outcomes, quality of life, and costs. Ann

Surg 234:279–289

15. Nguyen NT, Wilson S, Wolfe BM (2005) Rationale for laparo-

scopic gastric bypass. JACS 200:621–629

16. Ricciardi R, Town RJ, Kellogg TA, Ikramuddin S, Baxter NN

(2006) Outcomes after open versus laparoscopic gastric bypass.

Surg Laparosc Endosc Percutan Tech 16:317–320

17. Dimick JB, Wainess RM, Cowan JA, Upchurch GR Jr, Knol KA,

Colletti LM (2004) National trends in the use and outcomes of

hepatic resection. JACS 199:31–38

18. Rathore SS, Epstein AJ, Volpp KG, Krumholz HM (2004) Hos-

pital coronary artery bypass graft surgery volume and patient

mortality. Ann Surg 239:110–117

19. Shen JJ, Washington EL, Aponte-Soto L (2004) Racial disparities

in the pathogenesis and outcomes for patients with ischemic

stroke. Manag Care Interface 17:28–34

20. Deyo RA, Cherkin DC, Ciol MA (1992) Adapting a clinical

comorbidity index for use with ICD-9-CM administrative dat-

abases. J Clin Epidemiol 45:613–619

21. Pompei P, Charlson ME, Ales K, MacKenzie CR, Norton M

(1991) Relating patient characteristics at the time of admission to

outcomes of hospitalization. J Clin Epidemiol 44:1063–1069

22. Birkmeyer JD, Siewers AE, Finlayson EV, Stukel TA, Lucas FL,

Batista I, Welch HG, Wennberg DE (2002) Hospital volume and

surgical mortality in the United States. NEJM 346:1128–1137

Surg Endosc (2008) 22:1977–1986 1985

123

http://www.healthypeople.gov


23. Livingston EH, Rege RV (2004) A nationwide study of conver-

sion from laparoscopic to open cholecystectomy. Am J Surg

188:205–211

24. Likosky DS, Nugent WC, Clough RA, Weldner PW, Quinton

HB, Ross CS, O’Connor GT (2006) Comparison of three mea-

surements of cardiac surgery mortality for the Northern New

England Cardiovascular Disease Study Group. Ann Thorac Surg

81:1393–1395

25. Utah/Missouri Patient Safety Project. Utah/Missouri adverse

event ICD-9-CM classification. 2002 Version 1. Salt Lake City,

UT: Utah Department of Health; 2002. Available from:

http://www.health.utah.gov/psi

26. Masheter CJ. Hougland P, Xu W. Detection of Inpatient Health

Care Associated Injuries: Comparing Two ICD-9-CM Code

Classifications. http://www.ahrq.gov/downloads/pub/advances/vol1/

Masheter.doc. Retrieved on 7 November 2007

27. Weissman JS, Stern R, Fielding SL, Epstein AM (1991) Delayed

access to health care: risk factors, reasons, and consequences.

Ann Intern Med 114:325–331

28. Margolis ML, Christie JD, Silvestri GA, Kaiser L, Santiago S,

Hansen-Flaschen J (2003) Racial differences pertaining to a

belief about lung cancer surgery. Ann Intern Med 139:558–563

29. Collins TC, Clark JA, Petersen LA, Kressn NR (2002) Racial

differences in how patients perceive physician communication

regarding cardiac testing. Med Care 40S:I27–34

30. Doescher MP, Saver BG, Franks P, Fiscella K (2000) Racial and

ethnic disparities in perceptions of physician style and trust. Arch

Fam Med 9:1156–1163

31. Carrillo JE, Green AR, Betancourt JR (1999) Cross-cultural pri-

mary care: a patient-based approach. Ann Intern Med 130:829–

834

32. Bach PB, Cramer LD, Warren JL, Begg CB (1999) Racial dif-

ferences in the treatment of early-stage lung cancer. NEJM

341:1198–1205

33. Morris AM, Billingsley KG, Baxter NN, Baldwin LM (2004)

Racial disparities in rectal cancer treatment: a population-based

analysis. Arch Surg 139:151–155

34. Ricciardi R, Virnig BA, Madoff RD, Rothenberger DA, Baxter

NN (2007) The status of radical proctectomy and sphincter-

sparing surgery in the United States. Dis Colon Rectum 50:1119–

1127

35. Lund MJ, Brawley OP, Ward KC, Young JL, Gabram SS, Eley

JW (2007) Parity and disparity in first course treatment of inva-

sive breast cancer. Breast Cancer Res Treat [Epub ahead of print]

36. Groeneveld PW, Kruse GB, Chen Z, Asch DA (2007) Variation

in cardiac procedure use and racial disparity among Veterans

Affairs Hospitals. Am Heart J 153:320–327

37. Merrill RM (2000) Nonaggressive management of white and

black prostate cancer patients in the US. Prostate Cancer Prostatic

Dis 3:94–99

38. Keller GS (2007) Minimally invasive aesthetic procedures: per-

form them or face practice ‘‘phase out’’. Arch Facial Plast Surg

9:295–297

39. Dorr LD, Thomas D, Long WT, Polatin PB, Sirianni LE (2007)

Psychologic reasons for patients preferring minimally invasive

total hip arthroplasty. Clin Orthop Relat Res 458:94–100

40. Donabedian A (1966) Evaluating the quality of medical care.

Milbank Memorial Fund Q 44:166–206

41. Fonarow GC, Abraham WT, Albert NM, Stough WG, Ghe-

orghiade M, Greenberg BH, O’Connor CM, Pieper K, Sun JL,

Yancy C, Young JB (2007) OPTIMIZE-HF Investigators and

Hospitals. Association between performance measures and clin-

ical outcomes for patients hospitalized with heart failure. JAMA

297:61–70

42. Wudel LJ Jr, Chapman WC, Shyr Y, Davidson M, Jeyakumar A,

Rogers SO Jr, Allos T, Stain Sc (2002) Disparate outcomes in

patients with colorectal cancer: effect of race on long-term sur-

vival. Arch Surg 137:550–556

1986 Surg Endosc (2008) 22:1977–1986

123

http://www.health.utah.gov/psi
http://www.ahrq.gov/downloads/pub/advances/vol1/Masheter.doc
http://www.ahrq.gov/downloads/pub/advances/vol1/Masheter.doc

	Disparate use of minimally invasive surgery in benign surgical conditions
	Abstract
	Background
	Methods
	Results
	Conclusions

	Methods
	Data sources
	Patient data
	Covariates
	Outcomes
	Analysis

	Results
	Demographics of cohort
	Univariate analysis of patient characteristics
	Univariate analysis of hospital characteristics
	Hospital volume
	Mortality data
	Morbidity
	Multivariable analysis

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


