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Abstract
Introduction Epidural analgesia has demonstrated superiority over conventional analgesia in controlling pain following open
colorectal resections. Controversy exists regarding cost-effectiveness and postoperative outcomes.
Methods The Nationwide Inpatient Sample (2002–2010) was retrospectively reviewed for elective open colorectal surgeries
performed for benign and malignant conditions with or without the use of epidural analgesia. Multivariate regression analysis
was used to compare outcomes between epidural and conventional analgesia.
Results A total 888,135 patients underwent open colorectal resections. Epidural analgesia was only used in 39,345 (4.4 %)
cases. Epidurals were more likely to be used in teaching hospitals and rectal cancer cases. On multivariate analysis, in colonic
cases, epidural analgesia lowered hospital charges by US$4,450 (p<0.001) but was associated with longer length of stay by
0.16 day (p<0.05) and a higher incidence of ileus (OR=1.17; p<0.01). In rectal cases, epidural analgesia was again
associated with lower hospital charges by US$4,340 (p<0.001) but had no effect on ileus and length of stay. The remaining
outcomes such as mortality, respiratory failure, pneumonia, anastomotic leak, urinary tract infection, and retention were
unaffected by the use of epidurals.
Conclusion Epidural analgesia in open colorectal surgery is safe but does not add major clinical benefits over conventional
analgesia. It appears however to lower hospital charges.
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Introduction

Epidural analgesia (EA) has been utilized in abdominal
surgery for over 40 years and several reports have already
demonstrated its superiority over other forms of analgesia in
terms of pain control.1,2

However, the effects of epidural analgesia on several post-
operative outcomes have been the subject of debate. Because
of its sympatholytic effect on spinal reflex mechanism,3 its
anti-inflammatory activity, and its potential to reduce postsur-
gical stress response,4,5 epidural analgesia in open colorectal
surgery has been suggested to shorten postoperative ileus,3,4

increase the blood flow to the intestine thereby contributing to
the healing of intestinal anastomosis,6 reduce the incidence of
major complications,5 and reduce 30-day mortality.7

Moreover, because of its superior pain control, EA may be
associated with lower incidences of pulmonary complications.8

The controversy in previous reports stems from the sig-
nificant heterogeneity in the study populations as the effect
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of epidural analgesia has been analyzed in patients under-
going thoracic and upper and lower abdominal surgery
without controlling for this heterogeneity.8 Moreover, be-
cause of the increased adoption of laparoscopic techniques
in colorectal surgery,9 recent reports have been focusing on
the outcomes of EA following laparoscopic resections. As
such, most of the studies that specifically examined the
outcomes of EA in open colorectal surgery are now either
outdated or limited by small sample sizes. In addition, many
of these published series come from tertiary care centers
which have specialized teams in the placement and manage-
ment of epidural catheters.

Despite the recent increase in the use of laparoscopic
techniques, 57 % of colorectal resections are still performed
through an open approach.9 There are currently no reports
evaluating the use and outcomes of epidural analgesia in
open colorectal resections at the national level in different
hospital settings and disease states.

Our aim was to retrospectively review the use of epidural
analgesia in elective open colorectal resections in the USA
and examine its short-term outcomes compared to conven-
tional analgesia (CA).

Methods

Patient Population

The Healthcare Cost and Utilization Project-Nationwide
Inpatient Sample (NIS) database was retrospectively ana-
lyzed for elective open colon and rectal resections
performed with or without the use of EA from 2002 to
2010. The NIS is the largest all-payer inpatient care database
in the USA and contains information from nearly eight
million hospital stays each year across the country. Data
elements within the NIS are drawn from hospital discharge
abstracts that allow determination of all procedures
performed during a given hospitalization as well as out-
comes, charges, and length of stay.10 Approval for the use
of the NIS patient-level data in this study was obtained from
the institutional review board of the University of
California–Irvine Medical Center and the NIS.

Inclusion Criteria

All patients with an ICD-9 CM diagnosis code of benign colon
polyps (211.3, 230.3, V12.72), colon cancer (153.0–153.9),
rectal benign polyps (211.4, 230.4, 230.5, 569.0), rectal cancer
(154.0–154.2, 154.8), and diverticular disease (562.10–562.13)
who underwent elective open surgery were included in our
analysis. Cases that underwent epidural catheter placement
were identified by the ICD-9 CM procedure codes 03.90 and
03.91 and were counted in the EA group. All other cases were

considered in the CA group. The following colorectal proce-
dures were included in our analysis: right and left
hemicolectomy, transverse colectomy, sigmoidectomy, anterior
resection, and abdominoperineal resection (APR).

Exclusion Criteria

Urgent and emergent cases as well as laparoscopic and
converted cases were excluded from our analysis. Missing data
on ethnicity, payer type, and hospital type were also excluded.

Study Variables

Patient age, gender, ethnicity, payer type, and comorbidities
provided by the NIS dataset were listed for the EA and CA
groups. A comorbidity score based on the Elixhauser–Van
Walraven index11 was used. Hospital characteristics were
also included in our analysis. The use of EA by disease type
and procedure types was also included.

Endpoints

The choice of endpoints was made a priori based on previ-
ously published studies that had conflicting results.1,4,7,8,12–18

The endpoints examined include mortality, respiratory failure,
pneumonia, ileus, anastomotic leak, urinary tract infection
(UTI), urinary retention, wound complications, total hospital
charges, and length of stay.

Statistical Analysis

All statistical analyses were conducted using SAS version
9.3 and the R Statistical Environment. Chi-square test and
the t test were used for univariate analysis. Multivariate
logistic and linear regression were used to compare the
selected endpoints after controlling for age, gender, ethnic-
ity, payer type, comorbidities, hospital factors, disease type,
and procedure type. For anastomotic complications, APR
and cases performed with an end ostomy were excluded. We
also accounted for the use of diverting stoma. Because of the
different nature and complexities involved in colon and
rectal resections, we performed two separate analyses of
outcomes: one for the colonic subgroup and another for
the rectal subgroup. Odds ratios were obtained with 95 %
confidence intervals. Robust standard errors were used for
inference. Statistical significance was declared if p<0.05.

Results

Based on our sampling criteria, a total of 888,135 patients
underwent elective open colon and rectal resections in the
USA over the study period. Epidurals were only used in
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39,345 cases (4.4 %). The use of epidurals remained low
over the study period without showing an obvious trend
(Fig. 1).

Mean patient age was 65 years both in the CA and EA
groups (p=1). Gender distribution was also similar as there
were 52.46 % females in the CA group and 51.69 % females
in the EA group (p=0.18). Although ethnicity and payer type
were distributed similarly in both groups, EAwas more likely
to be used in Caucasians (65.69 vs. 60.48 %; p<0.001) and in
patients with private insurance (27.56 vs. 25.98 %; p=0.002)
(Table 1).

Looking at patient comorbidities, EA was more likely to
be used in patients with metastatic cancer (22.85 vs.
19.61 %; p<0.001) and, interestingly, obese patients with
a BMI >30 (7.56 vs. 6.45 %; p<0.001). EA was less likely
to be used in patients with congestive heart failure (4.60 vs.
5.28 %; p=0.02) and chronic kidney disease (2.00 vs.
2.56 %; p=0.003). No differences were observed in the
calculated comorbidity scores (Table 1).

The use of epidurals was different depending on hospital
status. In teaching hospitals, epidurals were used in 5.03 % of
cases compared to 3.92 % in non-teaching hospitals (p<0.001).
This difference was seen when comparing hospital bed size as
epidurals were less likely to be used in small hospitals (3.62 %)
and more likely to be used in medium-sized (4.38 %) or large
hospitals (4.53 %) (p<0.01 for difference between medium and
large hospital compared with small hospitals) (Table 2).

Examining disease types, we found that colon resections
for cancer accounted for the majority of cases in both
groups. Epidural analgesia was more likely however to be
used for rectal cancer cases (22.85 vs. 17.82 %; p<0.001)
and less likely to be used for benign pathology of the colon
such as polyps (10.69 vs. 13.79 %; p<0.001) and divertic-
ular disease (25.35 vs. 28.18 %; p<0.001). The selective use
of epidurals in rectal cancer cases translated into more
anterior resections and APR cases in the epidural group (p
<0.001) (Table 2). The use of diverting stoma was higher in
the EA group. In colonic resections, a stoma was used in

15.35 % of cases in the EA group compared to 13.82 % in
the CA group (p<0.001). In anterior resections, a diverting
stoma was used in 21.90 % of cases in the EA group vs.
20.03 % in the CA group (p<0.001).

The outcomes of colonic and rectal cases were analyzed
separately. In the colonic subgroup, after adjusting for age,
gender, ethnicity, payer type, comorbidities, hospital factors,
disease type, and procedure type, EA was associated with a
US$4,450 reduction in hospital charges (p<0.001) and a
tendency towards lower mortality rates which did not
achieve statistical significance (p=0.06). However, EA how-
ever was associated with a higher rate of postoperative ileus
OR=1.17 (95 % CI, 1.08–1.28; p<0.01) and a slightly longer
hospital stay by 0.16 day (95%CI, 0.01–0.32; p<0.05). There
was no association between the use of epidurals and the
incidence of respiratory failure, pneumonia, anastomotic leak
(the use of diverting stoma was also accounted for this end-
point), UTI, urinary retention, and wound complications
(Table 3).

In patients undergoing rectal resections (Table 4), after
adjusting for the same confounders, EA again lowered hospi-
tal charges by US$4,340 when compared with CA (p<0.001).
The incidences of the remaining postoperative outcomes were
unaffected by EA.

Discussion

Despite superior pain control over other forms of conven-
tional analgesia,1,2 the use of epidural analgesia in open
colorectal resections is limited in the USA. This limited
use which was observed across the entire study period
may be due to several factors. Although, epidural analgesia
is safe and does not appear to be detrimental, it lacks major
benefits over other forms of analgesia as demonstrated in
our results. Moreover, issues related to its cost-effectiveness
may have hindered its use. It has previously been shown that
epidural analgesia is associated with higher cost.19 The re-
sults of our study were the opposite: EAwas associated with
lower hospital charges. Our results echo the findings of a
systematic review by Gendall et al.18 who found that al-
though epidural analgesia may apparently be more costly,
alternatives may incur higher indirect costs. Moreover, a
prospective non-randomized study comparing different
methods of perioperative analgesia found that EAwas actu-
ally less costly compared to intravenous patient controlled
analgesia (IV PCA) in patients undergoing major
intraabdominal surgery.20 This difference in cost was attrib-
uted to the initial financial outlay and routine operational
costs of IV PCA which are higher than epidurals. The
findings that epidural analgesia is associated with higher
cost came from older studies in the late 1990s19 when the
use of PCAwas not widespread as it is nowadays and hence
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cost comparisons were made between EA and non-opioid
analgesics administered parenterally. We should however
stress on the fact that although charges are a good reflection
of cost, they are different entities. We have adjusted for all
potential confounders such as payer type, and even took into
account the incidence of postoperative complications, and
our findings still held true. In the absence of plausible

explanations, we believe that this is the result of unmeasured
confounders. These unmeasured confounders include inten-
sive care unit (ICU) admissions which are well known to
increase cost. In a study evaluating 462 consecutive surgical
cancer patients, it has been demonstrated that the use of
epidurals may reduce ICU length of stay and the time spent
on the ventilator.21 These explanations remain tentative
however, as more proof is needed in the form of randomized
controlled trials.

The limited use of epidural analgesia may be due to the
lack of major benefits. Epidural analgesia appears to be
associated with an increased incidence of prolonged post-
operative ileus in colonic cases but had no effect on ileus in
rectal cases. The majority of the studies that examined the
effect of epidural analgesia on the ileus following colorectal
surgery found no association,13–15,22,23 while a recent ran-
domized controlled trial revealed a higher incidence of ileus
associated with epidural analgesia.24 There are several pos-
sible reasons for our findings. First, the sensory blockade
provided by EA may delay early mobilization which may
prolong ileus. Second, the prolonged sympathetic blockade
in the epidural group may lead to a higher intravenous fluid
requirement to maintain intravascular volume in the face of
vasodilatation and arterial hypotension.24 This in turn leads
to edematous bowel which consequently contributes to
ileus.25 Since edema tends to be more pronounced at the
anastomotic site, this may explain why EA was associated
with ileus in colonic procedures as most of these procedures
are performed with a primary anastomosis without requiring
a diverting stoma. Conversely, the lack of association be-
tween EA and ileus in rectal procedures is due to the fact
that a larger number of anterior resections are performed
with a diverting ileostomy located more proximally and thus
the effect of edema on bowel function would be less
apparent.

Epidural analgesia was associated with a slight increase
in the length of stay in colonic resection but not in rectal
resections. Several reports1,13,16–18,23,26 and a meta-
analysis12 of 16 randomized trials found that epidural anal-
gesia did not affect the length of stay following colorectal
surgery. Only one study found a longer length of stay
associated with the use of epidural analgesia.24 The
remaining few studies that did show a shorter length of stay
with EA were either small and non-randomized27 or
contained a heterogeneous group of patients and the effect
of epidural analgesia on length of stay was more pro-
nounced in upper abdominal and thoracic surgery.21 The
increase in length of stay may be due to the time needed
to transition patients from EA to other forms of analgesia
prior to discharge. The reason why this finding was only
restricted to colonic procedures may be related to the fact
that these procedures are associated with a shorter length of
stay compared to rectal procedures and thus the potential

Table 1 Patients characteristics in the conventional and epidural an-
algesia group

Conventional
analgesia

Epidural
analgesia

p value

N 848,790 39,345

Age (year) 65 (55–75) 65 (56–76) 1

Gender

Male 403,515 (47.54) 19,008 (48.31) 0.18

Female 445,275 (52.46) 20,337 (51.69)

Ethnicity

White 513,348 (60.48) 25,846 (65.69) <0.001

Black 49,315 (5.81) 1,283 (3.26) <0.001

Hispanic 30,387 (3.58) 515 (1.31) <0.001

Other 23,596 (2.78) 787 (2.00) <0.001

Missing 232,144 (27.35) 10,909 (27.73) 0.45

Payer type

Medicare 266,690 (31.42) 11,638 (29.58) <0.001

Medicaid 17,061 (2.01) 748 (1.90) 0.52

Private 220,516 (25.98) 10,843 (27.56) 0.002

Other 21,729 (2.56) 893 (2.27) 0.11

Missing 322,794 (38.03) 15,223 (38.69) 0.23

Comorbidities

Anemia 139,371 (16.42) 6,272 (15.94) 0.27

Hypertension 406,995 (47.95) 18,830 (47.86) 0.49

Diabetes 136,485 (16.08) 5,996 (15.24) 0.11

Valvular heart
disease

35,479 (4.18) 1,582 (4.02) 0.60

Chronic
pulmonary
disease

121,377 (14.30) 5,559 (14.13) 0.96

Chronic liver
disease

11,374 (1.34) 539 (1.37) 0.77

Congestive
heart failure

44,816 (5.28) 1,810 (4.60) 0.02

Chronic
kidney
disease

21,729 (2.56) 787 (2.00) 0.003

Obesity 54,747 (6.45) 2,974 (7.56) <0.001

Metastatic
cancer

166,448 (19.61) 8,990 (22.85) <0.001

Comorbidity
scorea

4.01 (0.00–8.00) 4.22 (0.00–10.00) 0.90

Demographic and comorbidity data are summarized using mean and
interquartile range for continuous variables, and counts and proportions
for categorical variables. Numbers in parentheses correspond to
percentages
a Based on the Elixhauser–Van Walraven comorbidity index
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effect of this transition may be more obvious. We should
stress on the fact that although our results are statistically
significant, their clinical significance is low as the increase
in length of stay observed in colonic cases was by 0.16 day
(4 h).

Epidural analgesia did not affect the incidence of respi-
ratory failure and pneumonia in colon and rectal resection.
The effect of epidural analgesia on pulmonary function and
the incidence of pulmonary complications has been the
subject of debate. On one hand, high thoracic epidurals bear
the side effects of both pulmonary sympathetic and respira-
tory motor blockade which may lead to an increased risk of
respiratory failure.28 On the other hand, the superior pain

relief associated with epidural analgesia may reduce the
detrimental effect of hypoventilation which leads to pneu-
monia and respiratory failure. The lack of association in our
results may be explained by the fact that epidurals are
inserted at the T7–T12 level where the risk of high thoracic
blockade and hence respiratory failure is low.22,24,26,27 Our
findings contradict the findings of a large retrospective
review16 and a meta-analysis8 that showed a lower inci-
dence of pulmonary complications associated with the use
of EA. The large retrospective review was performed over a
17-year period, whereas the meta-analysis included studies
over a 35-year period. Both studies noted that the effect of
EA on pulmonary function diminished in more recent data
years as a consequence of a reduced baseline risk of pneu-
monia due to a shift to safer analgesia methods. Thus, older
findings were due to a lack of safety profile of systemic
analgesia rather than a beneficial effect of EA. The other
explanation may be that the meta-analysis also included
thoracic and upper abdominal cases where the protective
effects of EA were more obvious.8

Epidural analgesia did not affect the incidence of urinary
retention which is in contrast to previously published studies
that found a higher incidence of urinary retention with
epidural analgesia.13,22,29,30 These studies which reported
an incidence of urinary retention in the EA group ranging
from 5.5 to 10 % were limited by small sample sizes
precluding a meaningful analysis. Our results show a low
incidence of urinary retention in both the EA and CA groups.
The lack of association can be explained by the fact that
epidurals are usually removed at least 4 h prior to the discon-
tinuation of bladder catheters to avoid this complication.24

Since the effect of EA medication is usually short lived, the
risk of urinary retention should technically be low. On the
other hand, the lack of association between the use of EA and
an increased risk of UTI can be explained by the fact that most
institutions remove epidural and bladder catheters 48 h post-
operatively to reduce the risk of UTI.

Epidural analgesia did not affect the incidence of anasto-
motic leak. We examined this endpoint as some authors
believe that the sympathetic blockade offered by epidural
analgesia may protect against anastomotic leakage because
of an increased splanchnic blood flow to the anastomosis.6

On the other hand, other authors demonstrated that epidural
analgesia may increase the rate of anastomotic leak due to a
steal effect,31 or by causing early colonic contractions at a
time where the anastomosis is still fresh.32 Our results here
are consistent with the majority of studies1,14,16,33,34 and a
meta-analysis12 that showed no effect. Previous studies in-
cluding the meta-analysis by Marret et al.12 included 42 to
1,470 patients and their reported leak rates ranges between
to 2.4 and 15.3 %. The leak rates following anterior re-
sections in our results fall in that range. However in colonic
procedures, we observed leak rates which were higher with

Table 2 The use of conventional and epidural analgesia in different
hospitals settings, disease types, and procedure types

Conventional analgesia
(n=848,790)

Epidural
analgesia
(n=39,345)

p value

Hospital type (%)

Teaching 390,528 (46.01) 20,703 (52.62) <0.001

Non-teaching 456,225 (53.75) 18,610 (47.30) <0.001

Missing 2,037 (0.24) 32 (0.08)

Hospital location (%)

Urban 733,355 (86.40) 33,911 (86.19) 0.37

Rural 113,398 (13.36) 5,402 (13.73) 0.37

Missing 2,037 (0.24) 32 (0.08)

Hospital bed size (%)

Small 62,471 (7.36) 2,345 (5.96) <0.001

Medium 124,857 (14.71) 5,713 (14.52) 0.66

Large 337,479 (39.76) 16,045 (40.78) 0.07

Missing 323,983 (38.17) 15,242 (38.74)

Disease type (%)

Colon cancer 339,771 (40.03) 16,116 (40.96) 0.10

Colon benign
polyps

117,048 (13.79) 4,206 (10.69) <0.001

Diverticular
disease

239,189 (28.18) 9,974 (25.35) <0.001

Rectal cancer 151,254 (17.82) 8,990 (22.85) <0.001

Rectum benign
polyps

1,528 (0.18) 59 (0.15) 0.58

Procedure type (%)

Right
hemicolecto-
my

305,395 (35.98) 12,909 (32.81) <0.001

Transverse
colectomy

31,999 (3.77) 1,409 (3.58) 0.40

Left
hemicolecto-
my

87,680 (10.33) 3,805 (9.67) 0.06

Sigmoidectomy 255,486 (30.10) 11,685 (29.70) 0.46

Anterior
resection

160,167 (18.87) 8,849 (22.49) <0.001

APR 8,063 (0.95) 688 (1.75) <0.001

Data presented as absolute numbers. Percentages are in parentheses
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the study by Warschkow et al.16 who found a 3.4 % inci-
dence of anastomotic leak following colon resections. The
relatively high incidence of anastomotic leakage in our
study may be explained by the fact that data are collected
from a wide range of hospital settings and surgeons’ exper-
tise and the fact that we included ICD9 codes for
intraabdominal and pelvic abscesses, and enterocutaneous
fistula. We have to emphasize that the large numbers in our
study afforded us enough power to examine this endpoint.
Holte and Kehlet35 performed a power analysis to examine
how many cases would be needed in each arm to detect an

association between EA and anastomotic leak; they found
that 1,037 patients would be needed in each arm. Despite the
retrospective design of our study, we had enough numbers
that enabled us to account for all potential confounders.
However, many other factors such as the distance of the
anastomosis from the anal verge in rectal cases and history
of preoperative radiation may affect leak rates and these
variables are not available in the NIS database.

Because of its anti-inflammatory effects and the potential
to reduce the immunosuppression associated with surgical
trauma, EA was thought to lower the incidence of wound

Table 3 The outcomes of conventional analgesia (CA) and epidural analgesia (EA) in colonic resections

Colonic procedures

Number CA (680,560) EA (29,808) MD/OR (95 % CI) p value

Total charge ($) 38,855 (19,318–42,767) 33,327 (19,315–36,605) −4,450.02 (−5,574.63, −3,325.41) <0.01

Length of stay (days) 8 (5–8) 8 (5–8) +0.16 (+0.01, +0.32) <0.05

Postoperative complications

Respiratory failure 25,317 (3.72) 844 (2.83) 0.85 (0.69, 1.04) 1

Pneumonia 17,150 (2.52) 590 (1.98) 1.00 (0.80, 1.24) 1

Ileus 114,402 (16.81) 5,887 (19.75) 1.17 (1.08, 1.28) <0.01

Anastomotic leak 80,782 (11.87) 3,607 (12.10) 0.95 (0.86, 1.06) 1

Urinary tract infection 21,710 (3.19) 903 (3.03) 1.09 (0.92, 1.30) 1

Urinary retention 12,318 (1.81) 492 (1.65) 1.03 (0.81, 1.32) 1

Wound complications 27,699 (4.07) 1,264 (4.24) 1.06 (0.90, 1.24) 1

In-hospital mortality 8,983 (1.32) 227 (0.76) 0.69 (0.47, 1.01) 0.06

For categorical variable, absolute numbers and percentages (in parentheses) are presented. Multivariate logistic regression shows the odds ratios
with 95 % confidence intervals using the conventional analgesia group as reference. For continuous variables such as total charge and length of stay,
data are provided as mean and interquartile range. Multivariate linear regression shows the mean difference with 95 % confidence interval intervals
using the conventional analgesia group as reference

Table 4 The outcomes of conventional analgesia (CA) and epidural analgesia (EA) in rectal resections

Rectal procedures

Number CA (168,230) EA (9,537) MD/OR (95 % CI) p value

Total charge ($) 45,950 (23,728–52,311) 42,125 (24,622–48,287) −4,339.64 (−6,075.22, −2,604.06) <0.01

Length of stay (days) 8 (5–9) 8 (5–9) +0.12 (−0.14, +0.39) 1

Postoperative complications

Respiratory failure 5,165 (3.07) 307 (3.22) 1.22 (0.89, 1.68) 1

Pneumonia 3,667 (2.18) 218 (2.29) 0.93 (0.63, 1.37) 1

Ileus 28,717 (17.07) 1,799 (18.86) 1.08 (0.94, 1.25) 1

Anastomotic leak 19,220 (12.00) 1,099 (12.43) 0.97 (0.80, 1.18) 1

Urinary tract infection 6,006 (3.57) 268 (2.81) 0.87 (0.64, 1.18) 1

Urinary retention 5,198 (3.09) 268 (2.81) 0.79 (0.57, 1.11) 1

Wound complications 8,260 (4.91) 485 (5.09) 0.93 (0.72, 1.20) 1

In-hospital mortality 1,497 (0.89) 104 (1.09) 1.40 (0.79, 2.46) 1

For categorical variable, absolute numbers and percentages (in parentheses) are presented. Multivariate logistic regression shows the odds ratios
with 95 % confidence intervals using the conventional analgesia group as reference. For continuous variables such as total charge and length of stay,
data are provided as mean and interquartile range. Multivariate linear regression shows the mean difference with 95 % confidence interval intervals
using the conventional analgesia group as reference
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infections, wound dehiscence,4,5 and mortality.7,16

Consistent with previous investigations,16,18 our study did
not reveal an effect of EA on the incidence of wound
complications. With respect to mortality, our results did
not achieve statistical significance. Lower mortality associ-
ated with EA was observed in large single-center studies16

and other large population studies7; however, it was not
apparent in smaller studies.1,15,17 It is difficult to explain
the tendency towards lower mortality as we did not observe
a decrease in the incidence of major complications.

The main limitation of our study lies in its retrospective
nature and its inherent biases. The use of a population database
may be prone to coding errors. NIS does not provide specific
information such as pain levels, patient satisfaction, time to
tolerating a diet, and the length of time the epidural or the
indwelling bladder catheters were left in place. Epidural anal-
gesia does not exclude intravenous narcotic use if the situation
warrants it. Unfortunately, we were not able to adjust for this
confounder due to the limitations of the database. Procedural
complications specific to epidurals such as epidural hematoma,
abscess, hypotension, and motor deficit are also not provided.
These complications are rare but may further explain its limited
use.36 There could be several unmeasured confounders that
may have affected our results; however, we tried to account
for this effect by adjusting for a large numbers of variables
readily available. NIS only provides information related to one
single hospital stay and, as such, long-term data, readmission
rates, and 30-day mortality rates are unknown. However, this is
likely to affect both groups. Nevertheless, to our knowledge,
this study represents the largest and the most recent analysis of
the use of epidural analgesia in elective open colorectal surgery.

Conclusion

The use of epidural analgesia in elective open colorectal
resection is limited in the USA. Although safe, epidural
analgesia does not add major clinical benefits over conven-
tional analgesia. These results need to be validated by large
randomized controlled trials.
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