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Patient safety and the delivery of quality care are major 
concerns for healthcare in the United States. Special 
populations (eg, obese patients) need study in order to 
support patient safety, quantify risks, advance educa-
tion for healthcare-workers, and establish healthcare 
policy. Obesity is a complex chronic disease and is con-
sidered the second leading cause of preventable death 
in the United States with approximately 300,000 deaths 
per year. Obesity is recognized by the Agency for 
Healthcare Research and Quality (AHRQ) as a comorbid 
condition. These concerns emphasize the need to focus 
further research on the obese patient.Through the use 
of clinical and administrative data, this study examines 
the incidence of adverse outcomes in the obese surgi-

cal population through AHRQ Patient Safety Indicators 
(PSI) and allows for the engagement PSIs as measures 
to guide and improve performance. In this study, the 
surgical population was overwhelmingly positive for 
obesity. Body mass index (BMI) was also a significant 
positive predictor for 2 of 3 postoperative outcomes. 
This finding suggests that as BMI reaches the classi-
fication of obesity, the risk of these adverse outcomes 
increases. It further suggests there exists a threshold 
BMI that requires anticipation of alterations to systems 
and processes to revise outcomes.

Keywords: AHRQ, obesity, patient safety, patient safety 
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P
atient safety and the delivery of quality care 
is a major concern for health care in the 
United States.1,2 Special populations (eg, obese 
patients), need study in order to improve 
patient safety, reduce risks, educate healthcare 

providers, establish sound healthcare policies, and pro-
mote leadership in the field. 

Obesity, which is associated with many health risks, 
occurs in a large proportion of the US population. It is 
determined according to body mass index kg/m2 (BMI) 
and is stratified through a World Health Organization 
(WHO) classification system. Obesity is quantified as 
BMI of >30 and contains Grades I-III (obese 30-34.99, 
morbidly obese 35-39.99, and super obese >40).3 National 
Health and Nutrition Education Survey 2009-2010 data 
show adjusted trends in obesity were 38% of the popula-
tion and the combined category of overweight and obese 
(BMI ≥ 25) to be as high as 68.8% of the population.4 In 
addition to the related population health risks, obesity 
places a substantial financial burden on the healthcare 
system. According to 2008 estimates costs to treat the 
overweight and obese are 9% higher per year than the 
non-overweight and obese.5 Obesity is a complex, mul-
tifactorial chronic disease. It is considered the second 
leading cause of preventable death in the United States 

with approximately 300,000 deaths per year.6 Obesity 
is recognized by the Agency for Healthcare Research 
and Quality (AHRQ) as a comorbid condition with a 
corresponding International Classification of Diseases-9 
(ICD-9) code. These concerns emphasize the need to 
focus further research on the obese patient.7

The aims of this research were 1) to determine the 
prevalence rate of obesity among patients undergoing 
surgical procedures 2) to determine the mean difference 
in BMI for patients with and without post-surgical com-
plications and 3) to determine the effect of obesity and 
other patient characteristics on post-surgical complica-
tions. The adverse outcomes examined included periop-
erative pulmonary embolism and deep vein thrombosis, 
post-operative respiratory failure, and post-operative 
sepsis using AHRQ patient safety indicators (PSI). 

The obese patient is a critical patient to target in pro-
viding quality medical care.8 Using electronic clinical 
administrative data, this research quantifies the degree 
to which undesirable outcomes occur in the obese surgi-
cal patient population. It highlights the need to examine 
delivery of care including the use of technology to dimin-
ish the occurrence of potentially life-threatening adverse 
events. This research provides important information 
on the risks of specific post-operative outcomes in the 
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obese population—potential devastating events that may 
impact patients, healthcare institutions, and healthcare 
workers. It also addresses the functionality of the health-
care system and patient safety and addresses the goal set 
forth by the Institute of Medicine’s (IOM) second report 
which stated “healthcare should be safe and void of inju-
ries from care that was intended to help them, it should 
be effective and based on scientific knowledge, it should 
be patient centered, and should be timely, efficient and 
equitable.”2 

• Conceptual Patient Safety Framework. The concep-
tual model of structure, process and outcome adapted 
by Coyle and Battles to incorporate patients’ antecedent 
conditions as contributors to final outcomes, guided 
this study.9-11 Each component is reliant on the other 
and requires success in all areas to deliver the highest 
quality of care.12 In the adapted model, antecedent condi-
tions include individual patient factors and health risks, 
including age, socioeconomic status, gender, and insur-
ance coverage. Individual health risks comprise obesity, 
hypertension, chronic lung disease, metastasis, diabetes, 
perivascular disease, congestive heart failure, alcoholism, 
and hypothyroidism. Conditions commonly found in 
the patient with obesity include coronary artery disease 
(CAD), elevated cholesterol, non-insulin dependent dia-
betes (NIDDM), hypertension, cognitive dysfunction, 
cancer,13 and risk for stroke. According to the model, any 
or all of these can be expected and unfavorably influence 
adverse outcomes. 

• Structure, Process, and Management. Patient safety 
practice as an integration of structure and processes is 
designed to diminish the probability of adverse outcomes 
that result from exposure to the health care systems.14 
According to the Donabedian model of patient safety 
incorporates the principles of structure, process, and 
outcomes.9,12,15 Structure refers to the properties of the 
organization in which the patients care is provided. An 
example of structure includes the urban teaching medical 
facility, rural hospital, community hospital, or the in-
patient or ambulatory surgical setting.16 In this model 
structure is represented as inpatient surgery. Processes 
are defined as the prescribed plan of care and include 
treatment(s) delivered. Processes require interactions 
with the healthcare team but also incorporate technol-
ogy, protocols, and systems.1,17 In this study, process 
was represented by the patient’s length of inpatient stay. 
Adjustments to structure and process are needed to avoid 
adverse events related outcomes.18

Methods
The Institutional Review board at the study hospital 
approved this research. The research design was a cor-
relational study using secondary electronic health data. 
The target study sample consisted of all patients 18 to 
85 years old admitted for a surgical procedure at a major 

academic medical center in the southeast for the years 
2011 and 2012. The following populations were ex-
cluded: patients having cardiac or bariatric surgery, those 
with end stage renal disease receiving hemodialysis, and 
obstetrical patients. 

The study institutions’ Multicenter Perioperative 
Outcomes Group (MPOG) database and the hospital’s 
Clinical Data Repository (CDR) were utilized. The MPOG 
database includes standard patient data, for example, 
demographics, pre-operative physical exam, American 
Society of Anesthesiologists (ASA) classification, as well 
as surgical procedures, case providers, anesthesia tech-
nique, and anesthesia times.19 The CDR contains patient 
demographics, core clinical criteria, diagnoses and pro-
cedures (by ICD-9 coding), and discharge status.20 In 
order to capture the required data elements in a single 
dataset, the information from MPOG was linked to CDR 
information. MPOG was used to identify all surgical 
procedures for the study period (2011-2012), cases were 
matched by identification data and the CDR was used to 
obtain specific clinical and administrative data elements. 
The unit of analysis was a case, which was defined as a 
surgery in which an anesthetic was administered. The 
final sample included 30,549 total surgical cases (12,936 
inpatient and 17,613 outpatient). It was hypothesized 
that after controlling for patient characteristics, the 
obese surgical patient would be more likely to experience 
post-operative surgical complications rates as examined 
through the PSIs. 

• Power Analysis and Variables Construction. A power 
analysis was run using n-Query Advisor (7.0) program 
to determine effect size and alpha for each outcome and 
to inform the number of variables possible to include in 
the model for each adverse outcome.21 AHRQ published 
rates of PSIs22 were used to determine the expected 
occurrence of each adverse outcome; this information 
was considered in relation to the number of surgical 
procedures for each PSI. For each adverse outcome in-
vestigated, n-Query Advisor (7.0) was used to determine 
the effect size that could be detected with 80% power at 
the .05 level of significance by a t-test between two in-
dependent groups: those with and without the given PSI. 
The actual sample sizes in the project data were used for 
the calculations. According to Harrell,21 a fitted logistic 
regression model is likely to be reliable when the size of 
the less frequent of the two outcomes in the sample is 
at least 10 times the number of predictors in the model. 
This determined the number of predictors used in the 
model for PSI-11, PSI-12, and for PSI-13.

The variables used to define the concepts of the study 
include patient factors and the demographic information 
age, gender, and race. Health resources included insurer. 
For the development of the hierarchal logistic regression 
(HLR), race was reclassified into a two level variable, 
minority (non-minority or minority) and insurer was 
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also reclassified into a two level variable private insur-
ance (public or private). The concept of health risk in-
cluded diagnostic labels (yes/no) and included number 
of diagnoses, comorbidities, calculated BMI, and obesity 
classification categories. Comorbidities were constructed 
using the AHRQ comorbidity algorithm (AHRQ, 2010), 
BMI as calculated by weight (kg)/height (m2) and BMI 
classification categories were designated according to 
the World Health Organization model.23 Treatment vari-
ables included inpatient or outpatient status, numbers 
of procedure as determined by the use of ICD-9 coding, 
and length of stay. The final variables created included 
patient level adverse outcomes using the AHRQ PSI algo-
rithm (version 4.2) (AHRQ, 2012). The PSI outcome vari-
ables include: postoperative respiratory failure (PSI-11), 
perioperative pulmonary embolism deep vein thrombosis 
(PSI-12), and postoperative sepsis (PSI-13). Each PSI 
population resulted in a different size population (N) due 
to the additional specific inclusion/exclusion criteria set 
by the AHRQ PSI algorithm. The patient level outcomes 
for postoperative respiratory failure (PSI-11), periopera-
tive pulmonary embolism deep vein thrombosis (PSI-12), 
and postoperative sepsis (PSI-13) were constructed and 
the variable of positive or negative (0=negative for the 
PSI complication and 1= positive for PSI complication) 
for the adverse outcome was developed.

• AHRQ PSI Subpopulations. The inpatient group 
was further divided into 3 subpopulations in order to 
determine rates of adverse outcomes using the AHRQ 
QI Version 4.5 PSI algorithm. The eligible subpopula-
tion for all PSI analyses included any elective surgical 
discharges for patients greater than 18 years old during 
the study period. The algorithm required the presence of 
data reflecting gender, age, quarter, year, and principal 
diagnosis (AHRQ, 2012). Each PSI had a unique set of 
ICD-9 exclusionary codes.

Analysis
Descriptive statistics including means, standard devia-
tions, medians, and frequencies were calculated for all 
variables separately for the overall, inpatient, and outpa-
tient populations and again for each PSI subpopulation 
eligible for adverse outcome evaluation. The prevalence 
rate of obesity (per 1,000 surgical cases) was determined 
for all patients undergoing surgical procedures and for 
each PSI subpopulation. Differences in BMI for patients 
with and without each adverse outcome were analyzed 
using the t-test using a level of significance of P <.05. 
It was hypothesized that after controlling for patient 
characteristics, BMI would be a statistically significant 
predictor of post-operative complications. After assess-
ing for mulitcollinearity (tolerance, variation inflation 
factor and condition index), a HLR model was developed 
to test the hypothesis. A separate HLR model was de-
veloped for each post-operative complication and study 

variables were entered into the model in blocks. Block 1 
included patient factors and demographics (age minority, 
and gender) block 2 health resources (private or public), 
block 3 health risks (comorbidities), and block 4 the 
variable of interest, BMI. Block 5 included length of stay. 
Models were estimated after each block was entered, only 
as many variables were added as was recommended for 
effect size in order to avoid overfitting.21 

• Outcomes and Patient Safety Indicators. Outcomes 
are the final results of care delivered and may result in a 
desired or undesired event. AHRQ PSI’s of perioperative 
pulmonary embolism deep vein thrombosis (PSI-12), 
postoperative respiratory failure (PSI-11), and postop-
erative sepsis (PSI-13) were used as adverse outcomes 
for surgical patients in this study. PSIs, as outcome 
measures, are dependent on structure and process of 
the healthcare organization.24 PSI outcomes provide a 
standard for comparison of empirical data and allow ex-
amination of the system with the added goal of improved 
performance for the patient.12,25

Results
• Prevalence and Demographic Data. Table 1 summarizes 
the descriptive statistics of the study population. The 
overall population included total (N=30,549), inpatient 
(N=12,936) and outpatient (N=17,613) cases. The mean 
BMI for the overall population was 29.58 (overweight) 
and BMI classification proportions reflected 31.21% of 
the population was overweight and 40.03% obese. The 
mean BMI for the inpatient population was 29.94 (over-
weight) and BMI classification proportions reflected 
30.08% of the population was overweight and 42.11% 
obese. The mean BMI for the outpatient population 
was 29.31 and BMI classification proportions reflected 
32.04% overweight and 38.49% obese. In all populations, 
combined proportions of the population with BMI ≥ 25 
(overweight and obese) were greater than 70% reflecting 
a statistically significant difference (P=.001) between the 
inpatient and outpatient population mean BMI. 

Table 1 summarizes additional demographics of the 
study population including gender (greater than 50% 
female). The mean age in years at the time of surgery 
for the total, inpatient, and outpatient population was 
53.00, 56.56, and 50.39 years respectively and additional 
health risks for the study population including the mean 
number of diagnoses and the mean number of comorbid 
conditions. Length of stay (LOS) for the overall patient 
population was 2.44 days per case and 5.63 days per case 
for the inpatient group. The outpatient group had a mean 
LOS of 0.10 day per case, which reflected a small number 
of unexpected admissions. Tables 2, 3, and 4 summarize 
additional demographics of the PSI 11, 12 and 13 popu-
lation including gender, mean age in years at the time 
of surgery, additional health risks (diagnosis), the mean 
number of comorbid conditions, and LOS.



www.aana.com/aanajournalonline AANA Journal  December 2016  Vol. 84, No. 6 407

• AHRQ PSI Descriptive Statistics, T-Test, and Logistic 
Regression. 

• PSI-12 Perioperative Pulmonary Embolism and Deep 
Vein Thrombosis. The PSI-12 subpopulation excluded 
cases with principle or secondary ICD-9 codes that re-
flected pulmonary embolism or deep vein thrombosis, 
or vena cava interruption. Table 3 summarizes PSI-12 
cases that were positive for the adverse outcome (149) 
and cases were that negative (11,714). The mean BMI 
for the subset of patients who were negative for the 
adverse outcome was 30.04 and the BMI classification 
proportions were 30% overweight and 42.61% obese. The 

mean BMI for those experiencing the adverse outcome 
was 29.29 and the BMI classification proportions were 
32.89% overweight and 38.92% obese. 

Further analysis via HLR was run with the occurrence 
(Yes/No) of PSI-12 as the dependent variable (Table 
5). In block 1, demographics, the effect of age was sig-
nificant and there was a positive relationship. In block 
2, with the addition of health resources, age did not 
retain its significance. Block 3, health risks (comorbid 
conditions) were added and the effects of alcohol abuse 
and metastatic cancer were significant (P<.05), with es-
timated odds ratios of 2.97 and 2.18, respectively. Block 

Descriptive statistics of patient factors, health resources

Total 30,549 (100%) Inpatient 12,936 (42.35%) Outpatient 17,613 (57.65)

Mean (SD) Mean (SD) Mean (SD)

Age/years 53.008 (16.78) 56.5609 (15.68) 50.399 (17.09)

N (%) N (%) N (%)

Male 13,963 (45.71) 6,062  (46.86 ) 7,901  (44.86)

Female 16,586 (54.29) 6,874  (53.14) 9,712  (55.14)

White 25,043  (81.98) 10,874  (84.06) 14,169 (80.45)

Black 3,756  (12.30) 1,580  (12.21) 2,176 (12.35)

Hispanic 406  (1.33)  101  (0.78)    305 (1.73)

Asian 166  (0.54) 69  (0.53) 97 (0.55)

Native American  19  (0.06)  8  (0.06) 11 (0.06)

Other/unknown 1,159  (3.79) 304  (2.35) 855 (4.85)

Medicare 9,291  (31.40) 5,126   (40.21) 4,165   (24.74)

Medicaid 2,272  (7.68) 1,059   ( 8.31) 1,213   (7.20)

Private 12,932  (43.71) 4,777   (37.47) 8,155   (48.43)

Self-pay 4,746  (16.04) 1,543   (12.10) 3,203   (19.02)

No Charge/Other 345  ( 1.17)   244   (1.91) 101   (0.60)

Missing 963 187  776     

Descriptive statistics of health risks: diagnosis, procedures, and comorbidities

Mean (SD) Mean (SD) Mean (SD)

Number of diagnoses 6.126 (6.61) 9.932 (8.407) 3.331 (2.354)

Number of procedures 3.123 (2.99) 3.856 (4.019) 2.585 (1.732)

AHRQ comorbidity conditions  0.967 (1.47) 1.795 (1.743) 0.359 (0.806) 

Length of stay (LOS) days 2.445 (5.285) 5.639 (6.9355) 0.100 (0.352)

BMI mean (SD) 29.575 (7.473) 29.935(7.890)a 29.311 (7.14)a

BMI classifications N (%) N (%) N (%)

Underweight 572 (1.87) 292  (2.26) 280 (1.59)

Normal weight 8,216 (26.89) 3,306  (25.56) 4,910 (27.88)

Overweight 9,534 (31.21)   3,891 (30.08) 5,643 (32.04)

Obese Class I 6,262 (20.50) 2,728 (21.09) 3,534 (20.06)

Obese Class II 3,235 (10.59) 1,429 (11.05) 1,806 (10.25)

Obese Class III 2,730 (8.94) 1,290 (9.97) 1,440 (8.18)

Table 1.  Descriptive Statistics of Demographics, Health Resources, and Health Risks for Total Population and 
First case between 2011 and 2012 in Either Inpatient and Outpatient Settings
at-test significant for difference between inpatient and outpatient P=.05.



408 AANA Journal  December 2016  Vol. 84, No. 6 www.aana.com/aanajournalonline

4 included the variable of interest, BMI. In PSI-12, BMI 
was not a significant predictor of the occurrence of the 
adverse event when other patient characteristics were 
taken into account. Block 5 included the addition of LOS. 
The findings for block 5 were significant (P<.05), for age 
and LOS, both, which had a positive relationship.

• PSI-11 Postoperative Respiratory Failure. The PSI-11 
subpopulation excluded cases that represent procedures 
for tracheostomy, laryngeal, pharyngeal, craniofacial, 
esophageal resection, lung cancer, nose and mouth. This 
subpopulation also eliminated cases with the presence 
of disorders of the respiratory, neurological, and circula-
tory system. Table 2 summarizes PSI-11 cases that were 
positive (72) for the adverse outcome and cases that 
were negative (6,427). The mean BMI for the subset of 
patients who were negative for the adverse outcome was 
30.69 and BMI classification categories reflected 30.43% 
overweight and 46.42% obese. The mean BMI for those 
experiencing the adverse outcome was 32.77 and the BMI 

classification categories reflected 23.61% overweight and 
52.78% obese. 

Further analysis via HLR was run with the occurrence 
of (Yes/No) for PSI-11 as the dependent variable (Table 
6). In block 1, demographics, age had a significant posi-
tive effect on the probability of an adverse event (P=.05), 
with an estimated odds ratio of 1.03. In block 2, with 
the addition of health resources, private insurance had a 
significant negative effect (P=.05 and age was no longer 
significant. Block 3 included the addition of Health risks 
(comorbid conditions) and revealed a positive relation-

Eligible population 
N=6,499

Negative for 
PS-11 
N=6,427 

Positive for  
PSI-11 
N=72

Mean (SD) Mean (SD)

Age in years at surgery 
time

56.52(14.55) 61.44(12.40)

BMI 30.69(7.73) 32.77(12.31)

Length of stay (LOS) 
days

  3.46(3.12) 19.05(16.58)

Comorbid conditions   1.40 (1.39)   3.21(2.08)

N (%) N (%)

Male 2,723 (42.37) 33(45.83)

Female 3,704 (57.63) 39(54.17)

Nonminority 5,441(84.66) 62(86.11)

Minority   986(15.34) 10(13.89)

Public insurance 3,073(47.81) 48(66.27)

Private insurance 3,354(52.19) 10(33.33)

BMI_CAT

Underweight     85 (1.32)   1(1.39)

Normal weight 1,403(21.83) 16(22.22)

Overweight 1,956(30.43) 17(23.61)

Obese Class I 1,470(22.87) 17(23.61)

Obese Class II   778(12.11) 11(15.28)

Obese Class III   735(11.44) 10(13.89)

Obesity BMI

Not obese 1,488(23.15) 17(23.61)

Overweight 1,956(30.43) 17(23.61)

Obese 2,983(46.42) 38(52.78)

AHRQ comorbid conditions

Hypothyroidism 530(8.25) 17(23.61)

Chronic pulmonary 
disease

779(12.12) 25(34.72)

Table 2.  Descriptive Statistics of Demographics/ 
Health Resources/Health Risks for Postoperative 
Respiratory failure (PSI-11)

Eligible population 
N=11,863

Negative for 
PS-12 
N=11,714

Positive for 
PSI-12 
N=149

Mean(SD) Mean(SD)

Age in years at surgery 
time

56.68 (15.55) 60.77(15.83)

BMI Mean (SD) 30.04   (7.90) 29.29(7.20)

Length of stay (LOS) 
days

  5.38   (6.28) 18.96 (16.61)

Comorbid conditions  1.63    (1.55)   3.10  (1.77)

N (%) N (%)

Male 5,448(46.51) 74(49.66)

Female 6,266(53.49) 75(50.34)

Nonminority 9,998(84.28) 131(87.92)

Minority 1,865(15.72)   18(12.08)

Public Insurance 5,723(48.25) 88(59.86)

Private Insurance 6,138(51.75) 59(40.14)

Missing   2

BMI_CAT

Underweight 246   (2.10)   2   (1.34)

Normal weight 2,963 (25.29) 40 (26.85)

Overweight 3,514 (30.00) 49 (32.89)

Obese Class I 2,482 (21.19) 27 (18.12)

Obese Class II 1,314 (11.22) 21 (14.09)

Obese Class III 1,195 (10.20) 10   (6.71)

Obesity BMI

Not obese 3,209 (27.39) 42 (28.19)

Overweight 3,514 (30.00) 49 (32.89)

Obese 4,991 (42.61) 58 (38.93)

AHRQ comorbid conditions

Congestive heart fail 362    (3.09) 12   (8.05)

Peripheral vasc disease   609    (5.20) 13   (8.72)

Hypertension 5,358  (45.74) 89 (59.73)

Diabetes w/o comp 1,936  (16.53) 33 (22.15)

Metastatic cancer   398   ( 3.40) 11   (7.38)

Alcohol abuse   338   (2.89) 12   (8.05)

Chronic pulmonary 
disease

1,737  (14.83) 31 (20.81)

Table 3.  Comparisons of Patient Characteristics 
Demographics/ Health Resources/Health Risks for the 
subgroup Perioperative Pulmonary Embolism and 
Deep Vein Thrombosis (PSI-12)
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ship for significance of the following conditions: chronic 
lung disease and hypothyroidism. Block 4 included BMI, 
the variable of interest, and was a significant positive 
predictor of the occurrence of post-operative respira-
tory failure when other patient characteristics were taken 
into account (P=.05), with an odds ratio of 1.03. BMI 
remained a significant positive predictor of the occur-
rence of this adverse event (P=.05) when length of stay, 
a strong correlation of an adverse event was added to the 
model in Block 5. In addition to BMI and length of stay, 
age chronic lung disease, and hypothyroidism were also 
significant positive predictors of this adverse event, all 
at the α=0.05 level of significance. Odds ratios for these 
were 1.03, 1.22, 1.03, 3.15, and 3.09, respectively. 

• PSI-13 Postoperative Sepsis. The PSI-13 subpopula-
tion excluded cases with principal of sepsis or secondary 
diagnosis on admission of sepsis, immune-compromised 
state or cancer. Table 4 summarizes PSI-13 cases that 
were positive (20) for the adverse outcome and cases that 
were negative (1,897). The mean BMI for the subset of 
patients who were negative for the adverse outcome was 
30.51 and the mean BMI classification proportions were 
30.57% overweight and 45.55% obese. The mean BMI 
for those experiencing the adverse outcome was 35.79 
and the BMI kg/m2 classification proportions were 20% 
overweight and 60% obese. 

Further analysis via HLR was run with the occur-
rence of (Yes/No) PSI-13 as the dependent variable and 
with two predictors in the model: BMI and length of stay 
(LOS). BMI was a significant positive predictor of the 
occurrence of this adverse event (P=.05) when length of 
stay was taken into account. LOS was also a significant 
positive predictor (P=.05). The odds ratios for BMI and 
LOS were 1.05 and 1.11, respectively.

Discussion
In this study, the surgical population was overwhelm-
ingly positive for obesity. The overall, inpatient, and 
outpatient surgical population, all had obesity rates 
greater than 38% (see Table 2) and combined overweight/ 
obesity rates greater than 70%. There was statistically sig-
nificant difference in the mean BMI kg/m2 between the 
inpatient group and the outpatient group (P=.001). This 
distinction is important as we examine structure, process, 
adverse outcomes, and develop protocols for inpatient 
obese surgical patients. These findings alert providers 
to the existence of obesity rates in surgical suites, which 
are greater than in the general population, necessitating 
the need for research and education about obesity and its 
impact on patient safety. It calls for preparation and in-
vestments throughout healthcare systems in structure and 
process for the delivery of care to overweight and obese 
patients who undergo non-bariatric surgery in general 
operating rooms. In addition, when caring for overweight 
and obese patients, anesthesia providers require further 

understanding of patient positioning, blood volume and 
cardiac output changes, airway maintenance, and drug 
pharmacokinetics in the morbidly obese patient26 in 
order to provide safe care and prevent adverse outcomes. 
The respiratory system of these patients is likely to create 
difficulties with mask ventilation, higher risk for hypoxia 
and desaturation during apnea periods, increased risk for 
inability to secure adequate airway and tracheal intuba-
tion.27 Hospital operating rooms must be designed with 
the obese patient in mind. Emergency equipment should 
be readily available in order to be prepared for the pos-
sibility of complications the obese patient often faces.28 

• AHRQ PSI Outcomes. It is necessary to use mea-
sures of performance to gauge improvement. Bamgbade6 
reported a complication rate among the obese surgical 
population at 32.7%. Our study also found the subpopu-
lation of patients with adverse outcomes was overwhelm-
ingly overweight and obese. The inpatient population and 
the subpopulations positive for PSI-11 and PSI-13 overall 
had mean BMIs that reflected obesity. When examined 
alone, there was no difference in the mean BMI among 
the subpopulation negative and positive groups. The 

Eligible population 
N=1,917

Negative for 
PS-13 
N= 1,897

Positive for 
PSI-13 
N=20

Mean(SD) Mean(SD)

Age in years at surgery 
time

57.91(15.34) 53.65 (15.69)

BMI 30.51   (7.85) 35.79  (13.64)

Number of procedures   4.42   (3.15) 12.70   ( 9.45)

Length of stay (LOS) 
days

  6.39   (4.54) 19.80  (12.17)

Comorbid conditions   1.78   (1.59)   2.80   ( 2.14)

N (%) N (%)

Male 859(45.28) 9(45.00)

Female 1,038(54.72) 11(55.00)

Nonminority 1,637(86.29) 16(80.00)

Minority   260(13.71)   4(20.00)

Public Insurance 1,013(53.40)   9(45.00)

Private Insurance   884(46.60) 11(55.00)

BMI_CAT

Underweight   32 (1.69) 1(5.00)

Normal weight 421 (22.19) 3(15.00)

Overweight 580 (30.57) 4(20.00)

Obese Class I 437 (23.04) 4(20.00)

Obese Class II 233 (12.28) 2(10.00)

Obese Class III 194 (10.23) 6(30.00)

Obesity BMI

Not obese 453(23.88)   4(45.00)

Overweight 580(30.37)   4 (45.00)

Obese 864(45.55) 12(60.00)

Table 4.  Postoperative SEPSIS (PSI-13) Descriptive 
Statistics of Demographics/Health Resources/Health Risks
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t-test showed no statistically significant difference in the 
mean BMI between those negative and positive for post-
surgical adverse outcomes. However, clinically it is im-
portant to note that the mean BMI of patients positive for 
postoperative respiratory failure and postoperative sepsis 
were in the obesity range. The subpopulation positive for 
the adverse outcome for PSI-12 reflected a BMI that was 
overweight (BMI 25-29.99), not obese while the group 
negative for the adverse outcome was obese. Anesthesia 
protocols and practice patterns developed for the normal 
weight patient need to be reexamined to reflect the 
composition of the current inpatient population. Health 
systems and anesthesia delivery models should be de-
veloped with the obese patient and their potential for 

adverse outcomes in mind. The development of protocols 
for the perioperative period should consider the potential 
impact of BMI on adverse outcomes as a concept that 
warrants continued examination. 

The final aim examined the complication rates of 
AHRQ PSIs for the obese patient population. With the 
addition of antecedent conditions, BMI had a positive 
relationship and further increased the odds of adverse 
outcomes in two of the three PSIs: PSI-11 and PSI-13. The 
findings of this study strongly suggest obesity has a major 
impact on postoperative respiratory failure and postopera-
tive sepsis. Postoperative respiratory failure is associated 
with increases in morbidity and mortality and increased 
length of stay.29 Postoperative respiratory failure is one of 

Variable list Model 1 Model 2 Model 3 Model 4 Model 5 

Age 1.03a 1.01 1.01 1.02 1.0a

Female 0.99 0.86 0.68 0.63 0.84

Minority 1.02 1.02 1.11 1.04 1.00

Private 0.55a 0.70 0.70 1.08

LOS 1.22a

HYPOTHY 3.10a 3.01a 3.09a

CHRNLUNG 3.45a 3.31a 3.15a

BMI 1.03a 1.03a

CHI-SQUARE

8.63a 13.01a 46.86a 52.00a 271.45a

Variable list Model 1 Model 2 Model 3 Model 4 Model 5 

Age 1.02a 1.01 1.01 1.01 1.02a

Female 0.89 0.88 0.99 1.00 1.17

Minority 0.81 0.77 0.69 0.69 0.66

Private 0.75 0.83 0.83 1.04

LOS 1.08a

CHF 1.82 1.83 1.01

Alcohol 2.97a 2.87a 1.82

METS 2.18a 2.14a 1.77

CHRNLUNG 1.25 1.23 1.22

PERIVASC 1.32 1.30 0.97

HTN_C 1.36 1.40 1.29

DM 1.20 1.25 1.05

BMI 0.99 1.00

CHI-SQUARE

11.70a 14.18a 40.55a 41.25a 224.51a

Table 5.  Logistic Regression Model with Odds Ratios Showing the Influence of BMI on Perioperative Pulmonary 
Embolism/Deep Vein Thrombosis (PSI-12)
aIndicates statistically significant.

Table 6.  Logistic Regression Model with Odds Ratios Showing the Influence of BMI on Postoperative Respiratory 
Failure (PSI-11)
aP=.05 
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the most costly postoperative complications with reported 
mean additional hospital costs/patient to be as high as 
$63,000.30 The elective obese surgical patient requires 
thorough pre-operative respiratory status assessment to 
determine whether the patient is a better candidate for 
inpatient versus outpatient surgery. Optimization of pre-
hospital status should be considered due to changes that 
affect the obese patient during induction, maintenance, 
emergence and the postoperative period.31 Study results 
support a comprehensive approach to care for the inpa-
tient obese elective surgical patient. 

BMI was also a significant positive predictor for 
PSI-13. Postoperative infections contribute to increased 
length of stay for patients with mean additional hospi-
tal costs/patient to be as high as $13,000.30 This would 
imply obese surgical patients require interventions to 
reduce the incidence of this adverse outcome such as 
meticulous infection control standards, proper monitor-
ing during the perioperative period, attention to dose 
and administration times of antibiotic, and blood sugar 
monitoring to avoid the incidence and cost associated 
with this outcome.30 The use of pre-operative antibiotic 
is an important prophylaxis, but alone may not be able to 
thwart postoperative sepsis. 

Finally, for PSI-12, BMI was not found to be a sig-
nificant predictor. This finding was unique in that the 
mean BMI for the surgical subpopulation positive for the 
adverse outcome was overweight (BMI 25-29.99) rather 
than obese (BMI ≥30.00). Because in the other PSIs ex-
amined the positive group was obese rather than over-
weight, BMI may still be considered a significant predic-
tor of adverse outcome. This finding suggests that as BMI 
reaches the classification of obesity, the risk of adverse 
outcomes increases. It further suggests there exists a 
threshold BMI that requires anticipation of alterations to 
systems and processes to revise outcomes.

This study had several limitations. The AHRQ PSI 
algorithm was designed for use at the hospital level and 
the study design required use at the patient level. The 
merging of administrative datasets, electronic medical 
records, and the AHRQ algorithm required was cumber-
some and resulted in several poorly constructed variables 
(indigent status, clinical classification, surgical service), 
which altered the impact of health resources and treat-
ments in the logistic regression model used to examine 
PSI adverse outcomes. The incidence of adverse out-
comes occurs infrequently impacting the inclusion of 
other predictors. The use of the AHRQ PSI algorithm 
requires inpatient ICD-9 coding that is not present in 
outpatient discharge data thus the generalizability of 
results to this population is limited. 

The obese population is of interest nationwide and 
it is necessary to understand the impact of associated 
risks to adverse outcomes. Further research is needed to 
examine this population at the national level. The model 

of this study can be applied to clinical/administrative 
datasets across the nation to further validate the find-
ings for the obese surgical population. Further research 
is also needed to identify whether a threshold exists for 
BMI and adverse outcomes, to identify surgical subspe-
cialties where adverse outcomes may be more likely, 
and to reexamine the adverse outcome Perioperative 
Pulmonary Embolism Deep Vein Thrombosis (PSI-12) 
and the impact of BMI for this population. It is necessary 
to complete the next arm of this research to examine 
AHRQ PSI outcomes in the outpatient population. This 
process requires additional information and conversion 
of outpatient data to inpatient coding. As more surgical 
procedures are completed in the outpatient setting, the 
applicability of adverse outcomes in that setting is ex-
tremely important to the anesthesia community. 

The clinical implications of this study support the 
existence of an overwhelming overweight/obese group. 
It is not enough to recognize that a problem exists but 
efforts to improve patient safety and surgical complica-
tions should be examined. The current practice of an-
esthesia should be directed at a patient care model that 
reflects the incidence of obesity as reflected in this study. 
Recognition and development of protocols for this special 
population provides a set framework of case manage-
ment designed to leave less to happenstance.32,33 As the 
obese population is now in epidemic numbers in both 
the general population as well as the surgical population; 
the impact of obesity needs further research. The analysis 
of data from this population can aid the development 
of systems, technologies, and protocols to diminish the 
occurrence of potential life-threatening complications 
for the obese surgical population. A concurrent method-
ological study through the use of clinical data and ICD-9 
coding to determine the usefulness of ICD-9 codes to 
identify obesity is being pursued in a parallel study. 
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