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onelective Excisional Colorectal Surgery in English
ational Health Service Trusts: A Study of
utcomes from Hospital Episode Statistics Data
etween 1996 and 2007
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BACKGROUND: Nonelective colorectal surgery is associated with substantial patient morbidity and mortality.
This study sought to describe the practice of emergency colorectal surgery in the United
Kingdom during an 11-year period using the Hospital Episode Statistics (HES) database.

STUDY DESIGN: All nonelective admissions in patients undergoing 1 of 8 colorectal resectional procedures
between 1996 and 2007 were included. Time trends, univariate, and multivariate mortality and
length of stay outcomes were analyzed.

RESULTS: A total of 102,236 major urgent/emergency procedures were performed in English National Health
Service Trusts between April 1996 and March 2007. Thirty-day in-hospital postoperative mortality
rates in patients with colorectal cancer and diverticular disease were 13.3% and 15.4%, respectively.
The corresponding 1-year postoperative mortality was 34.7% and 22.6%. On multivariate analysis,
benign diagnosis, advanced age, high comorbidity score, social deprivation, and specific procedure
types were independent predictors of early and 1-year postoperative mortality (p � 0.001). Inde-
pendent risk factors for extended hospital stay were advanced age, social deprivation, distal (com-
pared with proximal) bowel resection, and a diagnosis of ulcerative colitis (p � 0.001).

CONCLUSIONS: HES data suggest that in everyday practice, postoperative mortality among patients undergoing
nonelective admission followed by colorectal resection is high. Additional investigation is re-
quired to assess the reliability of HES data for monitoring institutional variation in this context.

( J Am Coll Surg 2010;210:390–401. © 2010 by the American College of Surgeons)
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mergency colorectal surgery is associated with substantial
orbidity and mortality and often poses a management

hallenge to the treating surgeon.1 Importantly, emergency
resentation represents an independent predictor of poor
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utcomes when compared with case-matched controls un-
ergoing elective colorectal surgery.1,2

The United Kingdom Hospital Episode Statistics (HES)
atabase is an administrative record of all admissions to
nglish National Health Service (NHS) hospitals.3 It has

ecently been compared with a national clinical colorectal
ataset, ie, the Association of Coloproctology of Great Brit-
in and Ireland database,4,5 for procedures carried out for
olorectal cancer. Discrepancies in crude mortality record-
ng between the HES and Association of Coloproctology of
reat Britain and Ireland data for certain elective proce-
ures were small.4 Overall, this routinely collected ad-
inistrative dataset has demonstrated similar discrimi-

ation for mortality risk prediction to the Association of
oloproctology of Great Britain and Ireland database.4,5

alidation of the HES dataset against clinical databases
or benign colorectal conditions has not been carried

ut.
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This study aims to describe the temporal trends in the
ractice of emergency colonic and rectal surgery in the
nited Kingdom during and 11-year period using the HES
atabase. In addition, we sought to evaluate early and
-year mortality rates and length of stay after emergency
urgery.

ETHODS
ES
he HES database has been described in detail previously.8

n brief it is an administrative record system that includes
ll patients admitted to National Health Service hospitals
n England. HES data permit only identification of the
onsultant team that looked after patients. They do not
ermit identification of the grade of surgeon who carried
ut the actual procedure. Each record contains patient level
emographic, diagnostic and operative data.
Each record contains a primary and up to 13 secondary

iagnoses, categorized according to the ICD-10, and up to
2 procedure fields coded using the Office of Population
ensuses and Surveys Classification of Surgical Operations

igure 2. Time trends in subtotal colectomy and ileostomy (Office of
opulation Censuses and Surveys Classification of Surgical Opera-
ions and Procedures, 4th revision [OPCS-4] subcodes H05.2 and
05.3) for ulcerative colitis (UC) between 1996/7 and 2006/7. The

esection rate is normalized to the mid-year population estimates for

Abbreviations and Acronyms

DD � diverticular disease
HES � Hospital Episode Statistics
IBD � inflammatory bowel disease
NHS � National Health Service
OPCS-4 � Office of Population Censuses and Surveys

Classification of Surgical Operations and
Procedures, 4th revision

UC � ulcerative colitis
tngland (taken from Office of National Statistics data).
nd Procedures, 4th revision (OPCS-4).We used the sec-
ndary diagnosis codes to create the Charlson comorbidity
ndex.6 An attempt was not made to distinguish between
ew and old comorbidities from secondary diagnostic
odes due to uncertainty regarding the reliability of this
ethod. The Carstairs index of deprivation is a small-area

eprivation score that we linked to HES according to pa-
ient postcode.7

atabase inclusions and variable recoding
rocedures that took place during an admission spell that
as classified as nonelective were included. Nonelective
perative admissions were supplemented with elective op-
rative admissions for Figures 1 and 2 to provide trends for
nflammatory bowel disease (IBD) procedures over time.

PCS-4 codes were put into individual operation catego-
ies. The major colorectal resections included, and their
orresponding OPCS-4 codes, are described in Table 1.
istal bowel resections comprised left hemicolectomy, sig-
oid colectomy, total colectomy, Hartmann, and rectal

xcision procedures. The Hartmann procedure rate was
onsidered as the annual proportion of Hartmann proce-
ures (H33.5) compared with total distal bowel resections.
Individual diagnoses were recoded into major diagnostic

ategories, ie, malignancy, diverticular disease (DD), and
BD. The following ICD-10 codes were used to define
iagnostic groups: inflammatory bowel disease, 3-digit
CD-10 codes: K50�Crohn disease � K51�ulcerative
olitis; diverticular disease, 3-digit ICD-10 code: K57�
iverticular disease; malignancy, 3-digit ICD-10 codes: C18�
alignant neoplasm of colon � C19�malignant neoplasm

f rectosigmoid junction � C20�malignant neoplasm of rec-

igure 1. Time trends in emergency right hemicolectomy (Office of
opulation Censuses and Surveys Classification of Surgical Opera-
ions and Procedures, 4th revision [OPCS-4] 3-digit code H07) for
rohn disease between 1996/7 and 2006/7. The resection rate is
ormalized to the mid-year population estimates for England (taken
rom Office of National Statistics data).
um � C21�malignant neoplasm of anus and anal canal.
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ther diagnostic categories included paralytic ileus and intes-
inal obstruction without hernia, 3-digit ICD-10 code:
56�vascular disorders of intestine, 3-digit ICD-10 code:
55, and peritonitis, 3-digit ICD-10 code: K65.
We grouped age into 4 clinically relevant categories:

ounger than 55 years, 55 to 69 years, 70 to 79 years, and
lder than 79 years. Use of laparoscopy for a given proce-
ure during the study years was denoted using the Y50.8
ode as a secondary code after a primary OPCS-4 proce-
ure code. For example, a left hemicolectomy performed
ith laparoscopic assistance would be described on the da-

abase according to an H09 primary code and a Y50.8
econdary code. Only 10 years of data (between April
996/7 and April 2005/6) were used for analyses that in-
luded laparoscopic procedures because of a coding change
hat occurred on April 1, 2006.

utcomes variables
hirty-day in-hospital mortality and 365-day all-cause
ortality were the mortality outcomes measures. Three-

undred and sixty-five�day mortality figures were not
vailable in the data until 2000. A delay exists between late
eath and this information being recorded onto the HES
atabase. For these reasons, only data relating to the period
etween April 1, 2000, and March 31, 2005, were used to

able 1. Frequency of 3-Digit and 4-Digit OPCS-4 Codes Rela
nglish National Health Service Trusts between April 1, 199

PCS-4 codes�procedure
escription

Malignancy
Diverticular

disease d
n % n % n

07�right hemicolectomy 15,861 39.8 1,450 7.3 3,9
08, H06�transverse and
extended right
hemicolectomy 6,179 15.5 187 0.9 3
09�left hemicolectomy 3,041 7.6 717 3.6 1
10�sigmoid colectomy 4,343 10.9 3,868 19.5 1
05�total colectomy 917 2.3 333 1.7 2
33.5�Hartmann
procedure* 7,250 18.2 12,385 62.3 1
33.2, H33.3, H33.4,
H33.6, H33.8,
H33.9�rectal excision† 2,156 5.4 923 4.6
04.1�panproctocolectomy
and ileostomy 77 0.2 11 0.1 1
otal 39,824 100.0 19,874 100.0 5,1

H33.5�excision of rectum, rectosigmoidectomy, and closure of rectal stum
Rectal excision procedures (operations were combined into a single group of r
33.6 � H33.8 � H33.9). The latter codes include: 4-digit OPCS-4 code
33.3�excision of rectum, anterior resection of rectum, and anastomosis of colo

nd anastomosis � H33.6�excision of rectum, anterior resection of rectum
33.9�excision of rectum, unspecified.
PCS-4, Office of Population Censuses and Surveys Classification of Surgical O
etermine 365-day mortality rates. Data from all study s
ears were used to calculate 30-day in-hospital mortality
ates.

Length of stay describes the time (in days) that a patient
pent as an inpatient during their index admission. Read-
issions were considered to be subsequent emergency ad-
issions within 28 days of the date of discharge after their

riginal procedure. Both mean (�SD) and median (inter-
uartile range) lengths of hospital stay are described in
nadjusted comparisons.

tatistical methodology
ategorical variables were investigated using the chi-square

est. Logistic regression models were constructed to evalu-
te the independent role of operative technique (ie, laparo-
copic or open), primary diagnosis, operation type, age,
ender, comorbidity, and social deprivation on 30-day and
65-day mortality. Regression models that investigated 30-
ay mortality rates and duration of hospital stay excluded
ata from the last study year (ie, April 1, 2006, to March
1, 2007) as laparoscopic approach was included as a
odel covariate. The regression model investigating pre-

ictors of 365-day mortality employed data between April
, 2000, and March 31, 2005. A multiple linear regression
odel was constructed to evaluate the role of operative

echnique (ie, laparoscopic versus open), primary diagno-

to Emergency Colonic and Rectal Procedures Carried Out in
nd March 31, 2007
n
se

Ulcerative
colitis

Obstruction
or ileus

Vascular
disorders Peritonitis

% n % n % n % n %

76.9 93 4.4 3,514 42.6 1,859 53.7 551 29.8

6.4 35 1.7 500 6.1 383 11.1 104 5.6
2.5 28 1.3 274 3.3 299 8.6 73 3.9
2.2 97 4.6 2,047 24.8 180 5.2 167 9
5.7 1420 67.7 203 2.5 304 8.8 70 3.8

2.5 42 2 1,370 16.6 342 9.9 835 45.1

1.3 60 2.9 334 4 84 2.4 51 2.8

2.4 322 15.4 5 0.1 13 0.4 1 0.1
00.0 2,097 100.0 8,247 100.0 3,464 100.0 1,852 100.0

exteriorization of bowel.
xcision procedures including procedures codes: H33.2 � H33.3 � H33.4 �
3.2�excision of rectum, proctectomy, and anastomosis of colon to anus �
ectum using staples � H33.4�excision of rectum, anterior resection of rectum,
exteriorization of bowel � H33.8�excision of rectum, Other specified �

ons and Procedures, 4th revision.
ting
6, a
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eprivation on the natural logarithm of length of stay, as
he length of stay approximately followed a log-normal
istribution. Statistical analyses were carried out using
PSS Version 16.0 (SPSS Inc). For tests of significance, p
alues �0.05 were considered significant.

ESULTS
etween April 1, 1996, and March 31, 2007, there were
02,236 emergency major colonic and rectal emergency
rocedures performed in English NHS hospitals. Of these,
9.0% (n � 39,824) were assigned an ICD-10 diagnostic
ode denoting a colorectal malignancy, 19.4% (n �
9,874) were coded to DD and 7.1% (n � 7,249) to IBD.
ther ICD-10 diagnostic codes frequently assigned within

his emergency colorectal category included: K56 (3-digit
CD-10 code: paralytic ileus and intestinal obstruction
ithout hernia; n � 8,247 [8.1%]), K55 (3-digit ICD-10

ode: vascular disorders of intestine; n � 3,464 [3.4%]),
65 (3-digit ICD-10 code: peritonitis; n � 1,852 [1.8%]).
n additional 21,726 (21.3%) cases were coded to an ad-
itional 499 diagnostic codes (Table 1); 41.8% (9,080 of
1,726) and 24.7% (5,365 of 21,726) of the latter un-
pecified (“other”) diagnostic category were coded to
ight hemicolectomy and Hartmann procedure categories,
espectively.

Between April 1, 1996, and March 31, 2007, the prin-
ipal operations carried out in patients with a diagnosis of
olorectal malignancy were right hemicolectomies and
artmann procedures (Table 1). In contrast, the most fre-

uently performed emergency procedures in patients with
diagnosis of DD were Hartmann procedure and sigmoid
olectomy (Table 1); 76.9% (3.962 of 5,152) of patients
ho underwent 1 of 8 emergency colorectal procedures

isted here (Table 1) for Crohn disease were assigned to the
07 OPCS-4 right hemicolectomy code. In contrast,

7.7% (1,420 of 2,097) of all emergency colorectal proce-
ures carried out for ulcerative colitis (UC) were assigned
o the H05 3-digit total colectomy code, of which subtotal
olectomy and ileostomy (4-digit OPCS subcodes H05.2
nd H05.3) comprise nearly all cases (92.2%; 1,309 of
,420). An additional 15.4% (322 of 2,097) of emergency
ases carried out for UC represented proctocolectomy and
leostomy procedures. The demographics of patients un-
ergoing emergency major colorectal surgery between the
tudy dates are described according to diagnostic group in
able 2.

ortality after emergency colorectal surgery
nadjusted 30-day in-hospital and 365-day mortality rates

re described according to underlying diagnosis in Table 3.

esults of a logistic regression analysis investigating factors c
hat predict for 30-day and 365-day postoperative mortal-
ty after emergency colorectal surgery are described in Table
. Advanced age, high comorbidity score, social depriva-
ion, and specific procedures were strong independent pre-
ictors of early and 1-year mortality after emergency sur-
ery (all p � 0.001). Patients with a malignant diagnosis
ere less likely to die within 30 days and 365 days of their
peration than those with DD (p � 0.001) once corrected
or other variables in multivariate analyses (Table 4).

Among patients who were operated on as emergencies
etween April 2000 and March 2005 with colorectal can-
er, 1-year mortality was 35.8% (1,736 of 4,844) and
6.8% (1,808 of 3,866) for patients aged between 70 and
9 years and older than 80 years, respectively. Similarly,
etween April 1996 and March 2007, 34.7% (1,302 of
,749) of patients undergoing emergency operations with
D and aged older than 80 years died in hospital within 30

ays of their operation. Overall, 30-day mortality was
ighest for DD patients undergoing a procedure assigned
o the total colectomy code (26.1%, 87 of 333) or Hart-
ann procedure code (17.3%; 2,139 of 12,385). More

han one-third (37.2%; 923 of 2,482) of patients aged
lder than 80 years undergoing an emergency Hartmann
rocedure for DD died in hospital within 30 days of
peration.

The 30-day in-hospital mortality of all patients under-
oing an emergency subtotal colectomy and ileostomy (4-
igit OPCS-4 subcodes: H05.2 and H05.3) for UC was
.7% (61 of 1,309). The age-specific mortality for patients
ged between 70 and 79 years and older than 80 years was
9.0% (22 of 116) and 38.2% (13 of 34), respectively. The
0-day mortality of patients undergoing H07 3-digit
PCS-4 right hemicolectomy code for Crohn disease was

.6% (65 of 3,692). The number of elderly patients (older
han 70 years) requiring emergency surgery in this group
as small but also associated with substantial 30-day mor-

ality risk (14.2%; 35 of 247). The unadjusted 30-day mor-
ality of patients assigned to ICD-10 codes K56 (paralytic
leus and intestinal obstruction without hernia) and K65
peritonitis) in patients aged 80 years or older was 27.6%
524 of 1,898) and 62.2% (232 of 373), respectively. Re-
ults of a multivariate logistic regression analysis investigat-
ng mortality after emergency colorectal surgery are de-
cribed in Table 4.

ength of stay after emergency colorectal surgery
able 3 describes the median length of stay and 4-week
eadmission rates for patients undergoing an emergency
olorectal procedure, subdivided according to diagnostic
ategory. Median length of stay for patients undergoing
ubtotal colectomy and ileostomy (4-digit OPCS-4 sub-

odes H05.2 and H05.3) for UC was 22 (interquartile
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ange 16 to 23; n � 1,309) days. Then 14.1% (184 of
,309) of these patients were subsequently readmitted after
ischarge within 28 days. Thirty-nine percent (510 of
,309) of all patients within this patient group had also
een admitted as emergencies more than once in the 12
onths before operation. Median length of stay for pa-

ients undergoing emergency right hemicolectomy for
rohn disease was 13 (interquartile range 9 to 20; n �
,962) days. The 28-day readmission rate and 12-month
rior emergency admission rates were 12.4% (490 of
,962) and 43.5% (1,725 of 3,962), respectively, for pa-
ients with Crohn disease who ultimately required an emer-
ency right hemicolectomy.

Table 5 describes the results of a multiple linear regres-
ion analysis of study covariates on length of stay (log-
ransformed for analysis and back-exponentiated for pre-

able 2. Descriptive Characteristics of Patients Undergoing
arch 2007

haracteristic
Malignancy

Diverticular
disease

Cro
disea

n % n % n

ender
Male 19,624 49.3 8,148 41.0 2,273
Female 20,200 50.7 11,726 59.0 2,879
Total 39,824 100.0 19,874 100.0 5,152

ge, y
Younger than 55 3,711 9.3 4,196 21.1 3,968
55-69 11,473 28.8 5,955 30.0 759
70-79 13,622 34.2 5,974 30.1 316
Older than 79 11,018 27.7 3,749 18.9 109
Total 39,824 100.0 19,874 100.0 5,152

harlson comorbidity
score

0 1,602 4.0 14,692 73.9 4,700
1 319 0.8 3,183 16.0 364
2 2,0196 50.7 1,197 6.0 65
3 3,803 9.5 410 2.1 9
4 777 2.0 117 0.6 8
5 10,745 27.0 203 1.0 6
�6 2,382 6.0 72 0.4 —
Total 39,824 100.0 19,874 100.0 5,152

arstairs deprivation
index

1 Least deprived 6,908 17.3 3,354 16.9 828
2 8,348 21.0 4,053 20.4 1,052
3 8,600 21.6 4,358 21.9 1,054
4 8,432 21.2 4,266 21.5 1,135
5 Most deprived 7,246 18.2 3,686 18.5 1,046

nclassified 290 0.7 157 0.8 37
otal 39,824 100.0 19,874 100.0 5,152
entation). The independent impact of increasing age, 2
emale gender, social deprivation, left-sided and rectal re-
ections (compared with right-sided resections), and a di-
gnosis of UC (compared with a diagnosis of colorectal
alignancy) on longer hospital stay is demonstrated. A

lear relationship between increasing patient comorbidity
nd length of stay was not observed.

perative trends in emergency colorectal surgery
etween 1996/7 and 2006/7
verall, when major emergency large bowel resections for

ll diagnoses are considered, 30-day mortality has not ap-
reciably lowered during the study years. Specifically, 30-
ay mortality within the first 5 study years (1996 to 2001)
as 15.8% (7,273 of 45,941) compared with 15.3%

7,195 of 46,998) during the last 5 study years (2002 to
007). Thirty-day mortality trends between 1996 and

rgency Colonic or Rectal Operation between April 1996 and

Ulcerative
colitis

Obstruction
or paralytic

ileus
Vascular
disorder Peritonitis

n % n % n % n %

1 1,117 53.3 3,862 46.8 1,458 42.1 767 41.4
9 980 46.7 4,385 53.2 2,006 57.9 1,085 58.6
0 2,097 100 8,247 100.0 3,464 100 1,852 100.0

0 1,276 60.8 2,211 26.8 543 15.7 457 24.7
7 500 23.8 1,962 23.8 961 27.7 491 26.5
1 242 11.5 2,176 26.4 1,151 33.2 531 28.7
1 79 3.8 1,898 23.0 809 23.4 373 20.1
0 2,097 100 8,247 100.0 3,464 100 1,852 100.0

2 1,833 87.4 6,204 75.2 2,075 59.9 1,244 67.2
1 203 9.7 1,060 12.9 780 22.5 234 12.6
3 43 2.1 581 7.0 356 10.3 230 12.4
2 14 0.7 177 2.1 153 4.4 68 3.7
2 2 0.1 52 0.6 42 1.2 21 1.1
1 2 0.1 136 1.6 39 1.1 42 2.3

— 37 0.4 19 0.5 13 0.7
0 2,097 100 8,247 100.0 3,464 100 1,852 100.0

1 436 20.8 1,540 18.7 504 14.5 280 15.1
4 458 21.8 1,812 22.0 632 18.2 357 19.3
5 460 21.9 1,677 20.3 699 20.2 400 21.6
0 414 19.7 1,611 19.5 794 22.9 398 21.5
3 314 15 1,527 18.5 804 23.2 406 21.9
7 15 0.7 80 1.0 31 0.9 11 0.6
0 2,097 100 8,247 100.0 3,464 100 1,852 100.0
Eme

hn
se

%

44.
55.

100.

77.
14.
6.
2.

100.

91.
7.
1.
0.
0.
0.

100.

16.
20.
20.
22.
20.
0.
007 are illustrated in Figure 3 according to diagnostic
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PCS category. The chart illustrates the annual mortality
ates when all major nonelective colorectal resections are
onsidered.

Between the first and last study years, a 27.4% increase
n the number of emergency right hemicolectomies per-
ormed for Crohn disease was observed (Pearson’s r �
.755, n � 3,962; p � 0.001). The annual number of
mergency subtotal colectomy and ileostomy procedures
4-digit OPCS-4 subcodes H05.2 and H05.3) performed
or UC decreased slightly during the study years (Pearson’s
� �474, n � 1,309; p � 0.001). Specifically, 617 emer-
ency subtotal colectomy procedures were carried out in
he first 5 study years compared with 571 cases in the last 5
ears. Emergency and elective right hemicolectomy and
ubtotal colectomy resection rates for Crohn disease and
C are illustrated in Figures 1 and 2, respectively.
The proportion of patients with a colorectal malignancy

ndergoing an emergency distal large bowel resection who
nderwent a Hartmann procedure increased from 0.37 in
996/7 to 0.46 in 2006/7 (chi-square test, p � 0.001). The
roportion of patients of distal bowel resection with a di-
gnosis of DD who underwent a Hartmann procedure was
igher than that for cancer and increased from 0.65 to 0.70
hroughout the study years (chi-square test, p � 0.002).
rocedures that had been coded to sigmoid colectomy with
n additional operative code used to denote a colostomy
ould not have been identified as Hartmann procedures

rom this analysis.
Between April 1996 and March 2006, 543(0.6%) of all

mergency major colorectal procedures were carried out
sing a laparoscopic approach. The Y50.8 code includes

aparoscopic conversions as well as those that were success-
ully completed using laparoscopy. Half of these proce-
ures (270 of 543) were carried out in the last 3 years of the
0-year period examined. Of the total emergency laparo-
copic colorectal procedures performed, 82 (15.1%), 75
13.8%), and 165 (30.4%) were coded to diagnoses of
BD, DD, and colorectal malignancy, respectively. Nearly
alf (n � 257) of all emergency colorectal procedures that
mployed laparoscopy were right hemicolectomies, 96
17.7%) were sigmoid colectomies and 84 (15.5%) were
artmann procedures. In multivariate analyses, proce-

ures that employed laparoscopic surgery failed to demon-
trate either an independent reduction in-hospital stay
p � 0.102) or significant 30-day (p � 0.337) or 365-day
p � 0.508) mortality advantage. A nonsignificant trend
oward higher 28-day readmission rates in patients who
nderwent a laparoscopically assisted procedure (10.3%;
3 of 543) was observed when compared with patients
ndergoing conventional surgery (8.6%; 7,886 of 92,127;
chi-square test, p � 0.146).Ta R
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able 4. Logistic Regression Analysis for 30-d Mortality (between April 1, 1996, and March 31, 2006) and 365 Day Mortality
between April 1, 2000, and March 31, 2005)

OR (95% CI of OR)
p Value

OR (95% CI of OR)
p ValueOR Lower Upper OR Lower Upper

ale gender (compared with female gender) 1.00 0.96 1.04 0.882 1.00 0.95 1.04 0.882
ge, y �0.001 �0.001
Younger than 55* 1.00 1.00
55�69 2.97 2.71 3.25 �0.001 2.57 2.36 2.80 �0.001
70�79 6.25 5.73 6.82 �0.001 4.81 4.43 5.23 �0.001
Older than 80 12.31 11.27 13.45 �0.001 9.23 8.46 10.07 �0.001

harlson comorbidity score �0.001 �0.001
0* 1.0 1.00
1 2.04 1.92 2.18 �0.001 1.96 1.82 2.13 �0.001
2 2.04 1.91 2.17 �0.001 2.63 2.44 2.85 �0.001
3 4.07 3.75 4.41 �0.001 4.40 3.97 4.87 �0.001
4 6.93 6.04 7.96 �0.001 6.96 5.78 8.38 �0.001
5 2.74 2.54 2.96 �0.001 7.61 6.95 8.33 �0.001
�6 5.93 5.33 6.60 �0.001 10.13 8.85 11.60 �0.001

arstairs deprivation index �0.001 �0.001
1 Least deprived* 1.00 1.00
2 1.08 1.01 1.16 0.019 1.11 1.03 1.20 0.004
3 1.16 1.09 1.24 �0.001 1.14 1.06 1.22 0.001
4 1.28 1.20 1.36 �0.001 1.26 1.17 1.36 �0.001
5 Most deprived 1.43 1.34 1.52 �0.001 1.39 1.29 1.50 �0.001
Unclassified 0.76 0.58 0.99 0.040 1.07 0.72 1.60 0.731
iagnostic category �0.001 �0.001
Malignant diagnosis* 1.00 1.00
Other diagnosis 4.00 3.76 4.25 �0.001 3.09 2.87 3.34 �0.001
Ulcerative colitis 1.46 1.16 1.84 0.001 1.13 0.87 1.48 0.369
Diverticular disease 2.53 2.35 2.73 �0.001 1.89 1.73 2.07 �0.001
Crohn disease 1.38 1.13 1.68 0.002 0.80 0.64 0.99 0.042
Obstruction and paralytic ileus 2.52 2.31 2.76 �0.001 2.15 1.94 2.39 �0.001
Vascular disorder 7.30 6.62 8.06 �0.001 5.28 4.66 6.00 �0.001
Peritonitis 9.24 8.15 10.47 �0.001 5.41 4.59 6.38 �0.001
PCS-4 code, emergency operation type �0.001 �0.001
H07�right hemicolectomy* 1.00 1.00
H08, H06, transverse and extended right

hemicolectomy 1.33 1.24 1.43 �0.001 1.11 1.02 1.20 0.012
H09�left hemicolectomy 1.23 1.13 1.35 �0.001 0.90 0.81 1.00 0.051
H10�sigmoid colectomy 1.15 1.08 1.23 �0.001 0.86 0.79 0.92 �0.001
H05�total colectomy 2.18 1.97 2.41 �0.001 1.49 1.32 1.69 �0.001
H335�Hartmann procedure 1.58 1.50 1.67 �0.001 1.14 1.07 1.22 �0.001
H33.2, H33.3, H33.4, H33.6, H33.8,

H33.9�rectal excision 0.92 0.83 1.02 0.102 0.78 0.70 0.87 �0.001
H04.1�panproctocolectomy and ileostomy 1.68 1.23 2.30 0.001 1.34 0.93 1.92 0.113

aparoscopic approach (compared with open
approach) 0.87 0.66 1.17 0.360 0.90 0.65 1.23 0.503
Reference category.
PCS-4, Office of Population Censuses and Surveys Classification of Surgical Operations and Procedures, 4th revision; OR, odds ratio.
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Figure 4 illustrates the absolute number of total colec-
omy resections carried out for patients assigned with a
acterial infection diagnosis during the 11-year period.
wo diagnostic categories, ie, noninfective gastroenteritis
nd colitis (K52.9) and enterocolitis due to Clostridium
ifficile (A04.7) are included. Of 32 patients who under-

able 5. Multiple Linear Regression of the Natural Logarit
olorectal Surgery in English National Health Service Trusts

ale gender (compared with female gender)
ge, y
Younger than 55
55�69
70�79
Older than 80

arstairs deprivation index
1 Least deprived
2
3
4
5 Most deprived
Unclassified

harlson comorbidity score
0
1
2
3
4
5
�6

mergency operation type
H07�right hemicolectomy
H08, H06�transverse and extended right hemicolectomy
H09�left hemicolectomy
H10�sigmoid colectomy
H05�total colectomy
H335�Hartmann procedure
H33.2, H33.3, H33.4, H33.6, H33.8, H33.9�rectal excision
H04.1�panproctocolectomy and ileostomy
iagnostic category
Malignant diagnosis
Other diagnosis
Ulcerative colitis
Diverticular disease
Crohn disease
Obstruction
Vascular disorder
Peritonitis

aparoscopic approach (compared with the open approach)
ent a total colectomy in the latter C. difficile enterocolitis t
A04.7 ICD-10) category, 34.4% (11 of 32) died within 30
ays of the procedure. Their median stay was 36.5 days
interquartile range 18.75 to 56 days; n � 32).

ISCUSSION
his is a large study of national nonelective colorectal prac-

f Length of Stay (and Back-Transformed) after Emergency
een April 1, 1996 and March 31, 2006

Exponential
(� coefficient)

95% CI
Lower Upper p Value

0.94 0.93 0.95 �0.001

Reference
1.19 1.17 1.21 �0.001
1.32 1.30 1.34 �0.001
1.32 1.30 1.34 �0.001

Reference
1.03 1.02 1.05 �0.001
1.06 1.04 1.08 �0.001
1.08 1.07 1.10 �0.001
1.13 1.11 1.15 �0.001
1.00 0.94 1.05 0.892

Reference
1.06 1.04 1.08 �0.001
0.95 0.93 0.96 �0.001
0.97 0.95 1.00 0.026
1.00 0.96 1.05 0.939
0.90 0.88 0.92 �0.001
0.93 0.90 0.96 �0.001

Reference

1.07 1.05 1.09 �0.001
1.14 1.11 1.17 �0.001
1.14 1.12 1.16 �0.001
1.25 1.22 1.29 �0.001
1.11 1.10 1.13 �0.001
1.24 1.21 1.27 �0.001

Reference
0.88 0.86 0.89 �0.001
1.22 1.16 1.27 �0.001
0.85 0.84 0.87 �0.001
0.99 0.96 1.02 0.620
0.88 0.86 0.90 �0.001
0.78 0.76 0.81 �0.001
0.70 0.67 0.73 �0.001
0.92 0.87 0.98 �0.001
hm o
betw
ice during the last 11 years. Patients included in this study
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epresented those whose admission status was classified as
onelective. All patients underwent surgery during their
rgent or emergency admission. As such, the definition of
he urgency of the procedures themselves has been defined
ccording to admission rather than procedure status. De-
initive classification of the study procedures as emergency
perations is, therefore, potentially inaccurate. However,
he high-mortality outcomes observed within the study
ohort clearly demonstrate that they represent a much
igher-risk group than those categorized on the HES data-
ase as electives according to admission status. Specifically,
0-day mortality in patients admitted as electives and un-
ergoing major colorectal resection approximates 3% to
%, and mortality risk is approximately 4 times as great in
he current study patient cohort.8 The independent risks
resented by advancing age, patient comorbidity, and so-
ial deprivation on mortality and duration of hospital stay
re clearly demonstrated in this study. A possible temporal
rend toward increased use of Hartmann procedures for
istal large bowel emergencies was also observed. Evidence
o support definitive reduction in perioperative mortality
isk during recent years among patients undergoing non-
lective large bowel surgery was not observed.

Important changes have occurred in the management of colo-
ectal emergencies in recent years. Advances in intensive care
edicine, a trend toward performing single-stage resections for

arge bowel emergencies (SCOTIA Study Group)9-11 and im-
roved medical treatments for IBD12-14 have been implemented

igure 3. Thirty-day mortality trend for emergency major colorectal
esection according to diagnostic category.
n routine clinical practice in many centers. In the United King- t
om, a government-funded body called the National Confiden-
ial Enquiry into Perioperative Deaths15 was formed as a joint
enture between anesthetic and surgical specialties in 1988. The
emitof thisorganizationis to improvestandardsofhealthcare for
he benefit of the public by reviewing patient care, undertaking
esearch, and consequently publishing the results of these activi-
ies as well as making recommendations to hospital organizations
http://www.ncepod.org.uk/about.htm).

This study used the HES database to audit current na-
ional standards of emergency colorectal practice and eval-
ate changing trends in emergency colorectal workload. As
tated here, our findings suggest that uptake of resections
hat maintain intestinal continuity is low in the United
ingdom. Theoretically, centralization of colorectal exper-

ise16 and use of colorectal stents as a “bridge to semi-
lective surgery”17 should have facilitated some reduction
n stoma formation. It is, however, also possible that de-
ayed dissipation of best practice to the clinical frontline,
redominance of noncolorectal specialized or junior per-
onnel on the on-call rota, or a genuine reluctance for
mergency surgeons to change practice account for this
inding. In addition, consultant expansion, rapid access for
uspected cancer cases, as well as multidisciplinary team
ecision-making might have diminished the number of
dvanced cancer cases presenting as emergencies. Similarly,
more conservative trend in DD might subselect the more
dvanced cases for operations, thus accounting for the ap-
arent increase in stoma formation rates noted within this
roup. The H09.5, H10.5, and H33.6 subcodes within
he respective H09�excision of left hemicolon, H10�
xcision of sigmoid colon, and H33�anterior resection
rocedure categories represent those where colectomy and
xteriorization of bowel were performed. In our analyses,
hese subcodes were not removed because they represented
mall, and less frequently used, subcode categories. Impor-

igure 4. Absolute number of total colectomy resections carried out
etween April 1996 and March 2007 where a primary diagnosis of
acterial infection was coded. The two diagnostic codes included
oninfective gastroenteritis and colitis (K52.9) and enterocolitis due
o Clostridium difficile (A04.7).
antly, repeat analysis with the addition of the procedures

http://www.ncepod.org.uk/about.htm
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ssigned to H09.5, H10.5, and H33.6 subcodes to the
33.5 Hartmann procedure category did not alter time-

rend results findings. The finding that national intestinal
ontinuity rates are not increasing requires caution, as
artmann rates might be underestimated in this study. We

sed the H33.5 code to denote a definite Hartmann pro-
edure. Some Hartmann procedures might have been
oded to the H10 sigmoid colectomy code with another
eparate secondary operative code assigned to denote for-
ation of a colostomy. The latter cases would have been

dentified only as sigmoid colectomies within our data be-
ause of the method by which the principal operative code
as used to define the operative intervention. Recent find-

ngs by Jeyarajah and colleagues (personal communication,
une 2009) suggest that, at least for DD, a high proportion
f Hartmann procedures might be coded to a formation of
olostomy code rather than the H33.5 code. Therefore, it
ust be acknowledged that our findings possibly underes-

imate nonrestorative procedure rates. In our analysis, we
ound that the trend toward nonrestorative resections is
ncreasing. Although we acknowledged that a definitive
stimate of this trend is not measurable in the current anal-
sis, it is unlikely that the trend is grossly inaccurate and
asks actual increases in restoration of intestinal continu-

ty rates. Overall, it would appear that the rate of nonrestor-
tive resectional surgery is not decreasing in England.

In spite of advances in medical management, a dramatic
ecrease in emergency colorectal surgery for IBD has not
een observed in recent years. A decrease in the subtotal
olectomy rate for UC observed in the last 2 study years in
igure 2, brought about largely through a decrease in pro-
edures coded as electives, can represent recent improve-
ents in medical management. Further examination of

his trend is required to determine whether it is continuing.
ne potential inaccuracy about IBD trends observed in

his study is that we looked solely at colonic and rectal
xcision codes. Importantly, OPCS-4 coding states clearly
hat ileocecal resection should be assigned to the right
emicolectomy code. Despite this, some terminal ileal re-
ections for Crohn disease, coded to small bowel resection
PCS-4 codes, might not have been incorporated. Future

tudies will need to identify the changing trends in total
rohn operative caseload in the context of potential

hanges in disease prevalence along with comprehensive
ncorporation of additional excision of ileum operative
odes.

Age and comorbidity were identified as strong indepen-
ent predictors of death after emergency colorectal surgery

n this study. Our findings are largely consistent with those
f other investigators.18-21 We also observed an excess of

eaths occurring beyond the perioperative period, but h
ithin 1 year of surgery. Lacking cause of death informa-
ion, unfortunately, limits any conclusions that might be
xtrapolated from this finding. Future studies will need to
etermine whether this finding is consistent when evalu-
ted on other large datasets and also seek to identify the
ause for medium-term mortality in patients that have un-
ergone major nonelective bowel surgery. In addition, so-
ial deprivation was identified as another independent pre-
ictor of mortality. Other researchers have suggested that
ocial deprivation can be used as a surrogate marker for
oorly controlled comorbidities in this context.22 In addi-
ion to the risk factors mentioned here, emergency surgery
or DD was associated with more than double the indepen-
ent mortality risk compared with malignant disease in this
tudy. This might be a reflection of the presentation of the
isease, with DD more likely to present with peritonitis
nd malignancy with large bowel obstruction. Unfortu-
ately, this distinction cannot be made definitively because
f the coding shortcomings described here. Procedures
oded to peritonitis and vascular disorders of the intestine
ere associated with very high mortality. Accurate analysis
f outcomes trends according to diagnostic category is haz-
rdous, as patients with feculent peritonitis because of DD
ight have been coded within either the peritonitis or DD

ategory. Unless coding habits were homogeneous throughout
he study years, changing case-mix can underlie some of the
ortality trend changes observed in Figure 3.
Coding accuracy is fundamental to interpretation of in-

estigations that employ HES data. Despite the acknowl-
dged potential shortcomings of administrative data, such
s HES, its accuracy has been validated against a well-
ecognized national clinical colorectal dataset.4,5 In addi-
ion, Campbell and colleagues23 investigated the accuracy
f hospital statistics data in the United Kingdom through
ystematic review of studies comparing routinely collected
ata with case note review. They determined that median
oding accuracy rates were 91% for diagnostic codes and
9.5% for operation or procedure codes in studies in En-
land or Wales; 82% for diagnostic codes and 98% for
peration or procedure codes in Scottish studies.

Total colectomy in patients assigned a primary diagnos-
ic code of C. difficile enterocolitis was associated with 30-
ay mortality in approximately one-third of patients. Re-
ent increases in resections performed for the latter
iagnostic group, as evidenced by Figure 4, might represent
volution of a genuinely more aggressive disease process in
ecent years or improved coding accuracy. C. difficile asso-
iated colitis appears to be increasing in the Western
orld.24-26 This is also associated with an increase in the rate
f surgery for this condition, which is associated with a

igh mortality. This trend is reflected in our analysis. The
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igh mortality rate associated with surgery is reflective of
ther units around the world.27,28

Emergency admissions account for approximately one-
hird of total inpatient caseload in both NHS and North
merican general surgical units.29,30 As such, the duration
f stay of patients undergoing emergency colorectal surgery
epresents a substantial marker of hospital resource burden.
ur findings determined that the median hospital stay for

atients admitted as emergencies varied from 17 to 23
ays, depending on the diagnosis. UC was associated with
he longest hospital stay and Crohn disease with the highest
eadmission rate, at 28 days. This is consistent with the
hronic nature of both diseases, and might be a reflection of
he need for concomitant prolonged medical management.
mportantly, the duration of stay in this study represents
he total length of the index admission, thereby including
reoperative stay. In the context of emergency surgery, di-
gnostic delays and preoperative medical treatment can
ontribute to prolonged total admission. In this study, ad-
anced age and social deprivation were independently as-
ociated with lengthier stay. This highlights the important
upportive function that elderly care medicine and social
ervices can offer to facilitate patient rehabilitation and
ischarge from acute surgical units back to the community.
This study defines current outcomes after everyday

mergency surgical practice in NHS hospitals. In addition,
t highlights important predictors of adverse outcomes af-
er acute surgical care. Additional investigation is required
o identify the reliability and potential future use of HES
ata for monitoring clinical outcomes in this context. In
articular, the construction of validated indicators of qual-
ty can facilitate future performance comparison between
roviders of emergency colorectal surgical care.
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