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Outcomes of endovascular treatment of ruptured
abdominal aortic aneurysms

Giampaolo Greco, PhD,* Natalia Egorova, PhD,* Patrice L Anderson, MD,* Annetine Gelijns, PhD,*
Alan Moskowitz, MD,* Roman Nowygrod, MD,® Ray Arons, DrPH,* James McKinsey, MD,"
Nicholas J Morrissey, MD," and K. Craig Kent, MD,® New York, NY

Introduction: The successful application of endovascular techniques for the elective repair of abdominal aortic aneurysms
(AAAs) has stimulated a strong interest in their possible use in dealing with a long-standing surgical challenge: the
ruptured abdominal aortic aneurysm (RAAA). The use of a conventional open procedure to repair ruptured aneurysms
is associated with a high operative mortality of 45% to 50%. In this study, we evaluated the current frequency of
endovascular repair of RAAAs in four large states and the impact of this technique on patient outcome.

Methods: We examined discharge data sets from 2000 through 2003 from the four states of California, Florida, New
Jersey, and New York, whose combined population represents almost a third of the United States population.
Proportions and trends were analyzed by x? analysis and continuous variables by the Student’s # test.

Results: We found that since the year 2000, endovascular repair has begun to emerge as a viable treatment option
for RAAAs, accounting for the repair of 6.2% of cases in 2003. During the same period, the use of open procedures for
RAAAs declined. The overall mortality rate for the 4-year period was significantly lower for endovascular vs open repair
(39.3% vs. 47.7%, P = .005). Moreover, compared with open repair, endovascular repair resulted in a significantly lower
rate of pulmonary, renal, and bleeding complications. Survival after endovascular repair correlated with hospital
experience, as assessed by the overall volume of elective and nonelective endovascular procedures. For endovascular
repairs, mortality ranged from 45.9% for small volume hospitals to 26% for large volume hospitals (P = .0011). Volume
was also a determinant of mortality for open repairs, albeit to a much lesser extent (51.5% for small volume hospitals,
44.3% for large volume hospitals; P < .0001).

Conclusion: We observed a benefit to using endovascular procedures for RAAAs in institutions with significant
endovascular experience; however, the analysis of administrative data cannot rule out selection bias as an explanation of
better outcomes. These data strongly endorse the need for prospective studies to clarify to what extent the improved
survival in RAAA patients is to be attributed to the endovascular approach rather than the selection of low-risk patients.
(J Vasc Surg 2006;43:453-9.)

The diffusion of endovascular techniques has proven
beneficial to the elective repair of abdominal aortic aneu-
rysms (AAAs), both by reducing operative mortality and by
lowering complication rates in patients with an anatomic
configuration suitable to this type of surgical repair.'* The
successful application of the endovascular approach in the
treatment of elective AAA repair has prompted a strong
interest about its possible use in dealing with the long-
standing challenge of a ruptured AAA (RAAA). Surgery for
RAAASs is associated with high operative mortality of ap-
proximately 45% to 50% when conventional open repair is
performed.*® The high mortality associated with RAAAs
has only minimally diminished over the past two decades,
despite improved surgical techniques and perioperative

care.4
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Although the minimally invasive nature of endovascu-
lar techniques holds potential advantages for the treatment
of RAAAs compared with conventional open repair, their
application encounters logistical and practical barriers such
as the need for constant availability of an endovascular
team, possible delays owing to the need for a preoperative
computed tomography scan for the assessment of aortic
anatomy, the availability of devices, and the need for a surgeon
who has appropriate experience. Several institutions with ex-
pertise in endovascular techniques have reported promising
results with endovascular repair of RAAAs,”** but a clear
understanding is lacking of the overall impact of this tech-
nique on mortality and adverse events in general practice.
To address this gap, we analyzed the hospital discharge
databases from 2000 through 2003 for the four states of
California, Florida, New Jersey and New York, whose com-
bined population represents almost a third of the United
States population. We examined the rate of adoption of
endovascular techniques for the treatment of RAAA and
evaluated their impact on in-hospital mortality and other
perioperative outcomes.

METHODS

Data sources and study population. Discharge data
for patients, who received surgical repair of a RAAA, were
extracted from public data sets of California, Florida, New
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Jersey, and New York for the years 2000 through 2003.
Data sets were obtained from the following state agen-
cies: California’s Office of Statewide Health Planning
and Development (http://www.oshpd.cahwnet.gov/HQAD /
PatientLevel /index.htm); Florida State Agency for Health-
care Administration (http://www floridahealthstat.com);
New Jersey Department of Health and Senior Services
(http:/ /www.state.nj.us/opra/index.html); and New York
State Health Department, Statewide Planning and Research
Cooperative System (http://www.health.state.ny.us/nysdoh/
sparcs/sparcs.htm#general). These databases contain clini-
cal, demographic, and payment information associated
with each hospital discharge.

We chose state-based data sets from four populous
states instead of the available national data sets (ie, National
Hospital Discharge Survey and the Nationwide Inpatient
Sample) because state-based data sets represent a census of
all discharges, whereas the national databases provide sta-
tistically derived national estimates. For studying the endo-
vascular treatment of RAAAs, for which the number of
“real” observations is small, the reliability of statistical
estimates of these national databases would be limited.

Patients were selected by using the International Clas-
sification of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM) system codes. Patients undergoing repair of a
RAAA were identified through a combination of the fol-
lowing ICD-9 diagnosis and procedure codes: 441.3—
ruptured abdominal aneurysm (primary and all secondary
diagnosis), 39.71 for endovascular repair (primary and all
secondary procedures) and 39.52, 39.25, 38.34, 38.44 for
open repair (primary and all secondary procedures). The
ICD-9 code for endovascular repair was introduced in
October 2000; therefore, data for endovascular repair for
the year 2000 correspond to a 3-month period. Patients
who received both endovascular and open procedures dur-
ing the same admission were considered separately. Infor-
mation regarding the day of the procedure in relation to the
date of admission was not available for the state of New
Jersey.

We assessed the comorbidities (primary and all second-
ary diagnosis) of diabetes mellitus, hypertension, emphy-
sema, coronary disease, peripheral vascular disease, renal
disease, cerebrovascular disease, and disorder of lipid me-
tabolism. Complications included (primary and all second-
ary diagnosis) cardiac, postoperative stroke, respiratory
complications, bleeding, infection, shock, acute renal fail-
ure and mesenteric infarction. A list of ICD9 diagnosis
codes for comorbidities and complications is provided in
Table I (online only). The codes corresponding to acute
renal failure (584) and acute vascular insufficiency of intes-
tine (557.0) could include patients who developed these
morbidities preoperatively.

Statistical analysis. All statistical analysis was per-
formed with the SAS system software (SAS Institute Inc,
Cary, NC). Means were compared with the Student’s z test,
proportions were analyzed by using the x? test, and trends
for proportions were analyzed by using the x? test for
trends. Statistical significance was expressed as Pvalues and
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Fig 1. Relative usage of open or endovascular procedures for the
treatment of ruptured abdominal aortic aneurysm (RAAA) from
the states of California, Florida, New Jersey and New York. Data
for endovascular repair for the year 2000 are based only on the last
three months of the year 2000.

95% confidence intervals (95% CI). Cls for proportions
were calculated using normal approximation to the bino-
mial distribution. Procedure frequencies were analyzed by
using Poisson regression methods. We used multivariate
logistic regression analysis to determine predictors of mortal-
ity. The dichotomous covariates included in the statistical
model were procedure (open or endovascular), demographic
variables of age (younger or older than 65), sex, and race;
and all comorbidities from Table I (online only). Results of
the multivariate logistic regression are presented as odds ratios
(ORs) with the appropriate 95% Cls.

RESULTS

Case volume and distribution. To evaluate the ex-
tent to which endovascular techniques are being adopted
for the management of RAAA, we examined the proportion
of RAAA cases treated by endovascular surgery in the years
2000 through 2003 and compared this with the number of
patients treated with conventional repair during the same
time period. The use of endovascular techniques for the
repair of RAAAs steadily increased from 0.3% of the cases in
2000 to 6.2% in 2003 (Fig 1). A corresponding decline of
conventional repairs occurred during the same time period
(from 70.3% of RAAA cases in 2000 to 63.2% in 2003).
Overall, there was a progressive 15% reduction in the
number of RAAA cases admitted to hospitals during 2000
to 2003, from 2218 cases in 2000 to 1881 cases in 2003.

To understand whether the increasing number of en-
dovascular RAAA repairs was due to a few select programs
or was the reflection of more widespread adoption of this
procedure, we examined the distribution of endovascular
and open repair patients among hospitals. Most RAAA
endovascular repairs were performed in hospitals with <5
cases over a 4-year span (Fig 2, A). Thus, it does not appear
that this technique was restricted to high-volume hospitals.
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Fig 2. Distribution of endovascular (A) and open (B) procedures
for the repair of ruptured abdominal aortic aneurysm performed
during a 4-year period (2000 through 2003) as a function of
hospital volume.
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Fig 3. In hospital mortality of ruptured abdominal aortic aneu-
rysm patients who received open or endovascular repair, for each
state and for all four states combined over 4 years (2000 through
2003). Actual number of cases and 95% confidence intervals are
shown for each bar (*P < 0.05).

For conventional repair, we found that procedures were
more evenly distributed between high- and low-volume
hospitals (Fig 2, B).

Mortality and complications. To evaluate mortality,
we combined data for the 4-year period from all four states.
During this period, a lower mortality was observed for
endovascular repair compared with open repair (Fig 3).
The advantage of endovascular repair was variable
among the states, however. Only in the individual states

Greco et al 455

60 - = cndo

50 - . — open
w
< 40 4
3
3 30 -
S 20
= I

0 - ‘ ‘ :

0-1 2-3 4-7 >7
Days

Fig 4. Timing of death occurrence during hospitalization for
ruptured abdominal aortic aneurysm in patients receiving either
endo or open procedures. Data from each state and for all 4 years
(2000 through 2003) were combined. 95% confidence intervals
are shown.

of California and New York did the difference between
open and endovascular-associated mortality reach statistical
significance. When all four states and all 4 years were
combined, the overall in-hospital mortality rate was 39.3%
for endovascular repair and the mortality rate for open
repair was 47.7% (P = .005) (Fig 3). During the 4-year
period, 20 patients were found to have received both
procedure codes during the same admission, potentially the
result of conversion of endovascular repair to an open
repair. Surprisingly, the mortality among these conversions
was 35%.

The timing of death during the hospital stay revealed a
bimodal distribution for both open and endovascular re-
pair: most of the deaths occurred =24 hours from time of
admission, with a second peak after the first week (Fig 4).
To assess for the potential impact of delay in surgical
treatment of RAAAs, we compared mortality of patients
who had surgery on the same day of admission with the
mortality of patients treated at a later time. The percentage
of surgeries performed on the same day of admission was
72% for open repairs and 59% for endovascular repairs. For
open procedures, mortality was lower when the surgery was
performed on the day of admission (45.7% vs 51.7% P =
.001). For endovascular repairs, however, we did not ob-
serve a significant difference in mortality between proce-
dures performed on the same day of admission and those
that were performed later (38.6% vs 33.3% P = .42). We
assume that patients who were not immediately treated
presented with less acute symptoms and perhaps were more
hemodynamically stable; however, it is impossible to deter-
mine this from the data sets studied.

We asked whether survival with endovascular or open
ruptured AAA repair correlated with overall hospital endo-
vascular or open aneurysm repair volume (both elective and
nonelective). An analysis of this relationship suggested a
transition point at approximately 100 cases per 4 years (or
25 cases/year). Mortality for endovascular repairs was
45.9% for small volume hospitals (<100 endovascular cases
in 4 years) and 26% for large volume hospitals (>100
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Fig 5. Relationship between mortality of ruptured abdominal
aortic aneurysm (RAAA) and hospital volume (elective and non-
clective cases from 2000 through 2003) for (A) endovascular
repair (Pfor trend = .02, or (B) open repair (Pfor trend < .0001).
Data from each state and for all four years were combined. The
number of RAAA cases in each volume category for endovascular
repair is: 166 for 1-50; 28 for 51-100; 33 for 101-150; 36 for
151-200; and 27 for >200. The number of RAAA cases in each
volume category for open repair is 1410 for 1-50; 1219 for
51-100; 879 for 101-150; 620 for 151-200; and 1380 for >200.
Open vs endo P = .03. 95% confidence intervals are shown.

endovascular cases in 4 years) (P = .0011) (Fig 5, A).
Mortality for open repairs was 51.5% for small volume
hospitals (<100 open repair cases in 4 years) and 44.3% for
large volume hospitals (>100 open repair cases in 4 years)
(P<.0001) (Fig 5, B). Thus, increased hospital experience
appears to enhance outcome for both procedures.

Table IT summarizes the rates of operative complica-
tions for the two groups. Compared with endovascular
repair, open repair was associated with a significantly higher
rate of pulmonary (21.7% vs 32.4%), bleeding (26.2% vs
34.1%), and renal complications (acute renal failure: 14.8%
vs 24.8%; urinary: 4.5% vs 8.5%). No statistically significant
differences between the two techniques were noted for
postoperative infections, shock, postoperative stroke, car-
diac, and mesenteric artery complications.

Finally, we observed a decreased death rate associated
with endovascular repair compared with open repair, after
controlling for demographics and comorbidities in logistic
regression analysis (OR, 0.748; 95% CI, 0.579,0.967; P =
.0264).

Comorbidities. To assess for potential differences in
the baseline characteristics of patients selected to receive
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Table II. Rate of complications in patients undergoing
endo or open procedures

Open Endo
(%) n (%) »n OR

95% CI P

Cardiac 12.7 702 152 44 0.82 0.59-1.14 .2289
PO stroke 0.8 45 14 4 059 0.21-1.65 .3079
Respiratory 324 1782 21.7 63 1.72 1.30-2.29 .0002
Bleeding 341 1879 262 76 146 1.12-1.90 .0055
Infection 58 321 4.5 13 1.32 0.75-2.32 .3379

Shock 34 187 14 4 251 0.93-6.81 .0609
Mesenteric 5.2 289 69 20 0.75 047-1.19 .2229
ARF 24.8 1364 14.8 43 1.89 1.36-2.63 .0001
Urinary 85 467 45 13 197 1.12-347 .0l6l

OR, Odds ratio; CI, confidence interval; PO, postoperative; ARF, acute
renal failure.

Table ITI. Percentage of patients with coexisting
conditions

Open Endo
%) n (%) n OR 95%CI P
Diabetes 9.8 539 145 42 0.64 0.46-0.90 .0094

Hypertension 49.0 2700 49.7 144 0.97 0.77-1.23 .8329
Emphysema  31.4 1728 24.8 72 1.38 1.05-1.82 .0189
Coronary 23.7 1307 32.8 95 0.64 0.50-0.82 .0005

PVD 9.0 498 11.0 32 0.80 0.55-1.17 .2510
Renal 69 381 72 21 095 0.60-1.50 .8323
Cerebral 35 195 45 13 0.78 0.44-1.39 .4003
Lipids 5.6 307 11.0 32 047 0.32-0.70 .0001

Hypotension 15.9 877 12:4 36 1.34 0.94-191 .1099

OR, Odds ratio; CI, confidence interval; PVD, peripheral vascular disease.

either open or endovascular repairs, we examined the pre-
operative comorbidities of the two groups of patients.
More patients in the endovascular repair group had diabe-
tes mellitus, coronary artery disease, and hyperlipidemia (all
differences were statistically significant) (Table III). Con-
versely, emphysema affected a greater proportion of pa-
tients undergoing open repair. There were no differences in
age distribution: mean age was 74.9 for endovascular and
74.2 for open procedures (P = .96).

Length of stay and discharge status. As anticipated,
there was a shorter length of stay for RAAA patients who
survived endovascular repair (mean, 13.4 days; 95% CI,
11.2,15.7) compared with those who survived open repair
(mean, 19.0 days; 95% CI, 18.1, 19.9; P = .003). The
median lengths of stay for the endovascular and open
procedures were, respectively, 8.5 and 13.0 days.

The condition of patients at the time of discharge and
their general outcome might be at least in part reflected by
their disposition. Thus, we examined the dispositions of
patients surviving a RAAA repair (Fig 6). Two thirds of the
patients who received open repair (63.2%) were transferred
to acute or intermediate care facilities, nursing homes, or
required additional services at home; whereas, slightly
fewer patients (51%) who had endovascular repair were
treated in this manner (P < .05).
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Fig 6. Disposition of patients who survived endovascular or open
repair of a ruptured abdominal aortic aneurysm. The frequency of
different dispositions, subsequent to hospital discharge, are shown.
Data from each state and for all four years were combined (*P <
.05). Transfer Acute, transfer to acute care facility. 95% confidence
intervals are shown.

DISCUSSION

Over the past decade, in light of marked improvements
in perioperative outcomes, the vascular surgical community
has increasingly adopted an endovascular approach to the
elective repair of AAAs.'**! The public has embraced this
innovation because of its less invasive nature and the con-
sequent avoidance of physiologic or emotional stresses
associated with conventional open surgery. The application
of endovascular techniques for the treatment of RAAAs has
been impeded by several factors, however, including the
need for an endovascular surgical team that is available on
short notice, immediate access to appropriate imaging fa-
cilities, and the need to stock a range of highly expensive
endovascular devices so that all variants in aortic anatomy
can be urgently treated.'* There is little doubt that inno-
vations in the treatment of RAAAs would be welcomed,
given the high mortality rate of 45% to 50% still associated
with current treatment paradigms.'®*® Indeed, the opera-
tive mortality for open repair of RAAAs has undergone only
a modest reduction over the past four decades, despite
numerous advances in surgical technique and critical care.*

In this study, we examined the discharge data sets of
four states for the years 2000 through 2003 to assess the
diffusion of endovascular treatment of RAAA and its impact
on patient outcomes. Our results show that since the year
2000, endovascular repair is progressively, albeit slowly,
emerging in the community at large as an alternative mo-
dality for the treatment of RAAAs. In 2003, 6.2% of RAAAs
were treated with endovascular techniques (Fig 1). Al-
though this number is on the rise, most aneurysms are still
treated with conventional surgery.

A common perception is that the use of endovascular
techniques for the repair of RAAAs is confined to academic
or large-volume centers. Instead, our findings suggest that
endovascular repair is being used frequently at low-volume
centers. Most of the endovascular repairs of RAAA were

Greco et al 457

performed by hospitals with a volume of <5 endovascular
RAAA cases over 4 years combined. Only a handful of
institutions applied endovascular techniques to a large
number of patients with a RAAA (Fig 2). In fact, 228 of the
290 endovascular repairs we have reported were performed
at centers where the utilization of this approach approxi-
mated one RAAA patient per year.

Several reports from single institutions that have ap-
plied endovascular therapy for the treatment of RAAAs
have shown positive outcomes and a general reduction of
the in-hospital mortality rate.®*3'%!” In agreement with
these reports, our study shows that the in-hospital mortality
for endovascular repair of RAAA was significantly reduced
compared with the in-hospital mortality from open repair
(Fig 3), albeit the degree of reduction that we observed was
much less significant (only 8.4%) than that reported in these
single-institution studies.

It should be noted that although a statistically signifi-
cant reduction in mortality was observed when data from all
four states and each of the four years were merged, an
individual analysis of each state and each year was less
convincing. For example, when New Jersey and Florida
were analyzed separately, we were unable to demonstrate a
difference between the two techniques. Even in New York
and California, differences in outcome were not evident for
each of'the years, although this in part may be related to the
small patient numbers. These findings, however, led us to
explore whether the advantage of endovascular repair
might be confined to specific settings or conditions.

The occurrence of death over time was almost identical
when open or endovascular procedures were compared
(Fig 4). This observation suggests that the two types of
repair are subject to similar causes of ultimate failure. The
bimodal distribution of the timing of death reflects the
initial risk of succumbing to hypovolemic shock and then
the subsequent, eventually lethal, complications of respira-
tory and multisystem organ failure. We found that the
decrease in mortality observed for endovascular repair of
RAAASs strongly correlated with the experience of the insti-
tution, as assessed by the volume of both elective and
nonelective endovascular repair (Fig 5). An inverse relation
between hospital volume and surgical mortality for selected
procedures has been previously reported.'®'® The Leap-
frog group, a nonprofit organization advocating for patient
safety and quality in healthcare, has encouraged patients
and payers to select hospitals that meet minimal standards
of volume for certain high-risk procedures, including AAA
repair. The current recommendation for AAA repair is
30 cases per year.?? Our results show that this volume-
outcome relationship is particularly striking when an endo-
vascular approach is used.

In addition to the improved mortality associated with
endovascular repair of RAAAs, we observed a general ame-
lioration of perioperative outcomes, including a signifi-
cantly lower proportion of respiratory, bleeding, and renal
complications, a shorter length of stay, and more patients
going home after surgery (Table II, online only, and Fig 6).
We also analyzed preoperative comorbidities to determine



458 Greco et al

whether patient cohorts were similar. With the exception of
emphysema, the proportion of coexisting conditions affect-
ing the two groups of patients revealed that more patients
with diabetes, coronary artery disease, and hyperlipidemia
were selected for an endovascular repair (Table III). Evi-
dence for this type of adverse selection for endovascular
repair has been previously reported.?

It should be considered that the improvement in out-
come observed for endovascular patients could be due to a
selection bias in which hemodynamically stable patients or
those with more favorable anatomy were chosen to un-
dergo endovascular procedures. In effect, diffusion of en-
dovascular repair of RAAAs is still in its earliest phase;
therefore, it is conceivable that providers who have chosen
to become “early adopters” of the endovascular approach
select patients based upon circumstances favoring this pro-
cedure. Moreover, institutions that perform large numbers
of endovascular RAAA repairs may accomplish this through
referral from other institutions. Obviously, such referrals
would require that these patients be hemodynamically
stable.

Unfortunately, administrative data sets do not provide
information relative to the hemodynamic stability at the
time of admission of patients presenting with a RAAA. Nor
do they provide information about aneurysm anatomy.
Thus, the possibility of patient selection must be kept in
mind when our findings, as well as those from institutional
series, are being analyzed. Further studies with a prospec-
tive design would be required to scrupulously determine
the role of patient selection in the improvement of mortal-
ity after the application of endovascular techniques to
RAAA.

Several limitations should be taken into account before
drawing conclusions from research studies based on these
administrative data sets: (1) errors in coding and incom-
plete documentation may reduce the quality of the
information, (2) assessment of risk factors and, there-
fore, comparisons that require risk factor-adjustment, as
mentioned, are limited by the lack of detailed records
about the severity of illness, and (3) lack of access to patient
identifiers impedes the conduct of longitudinal analysis.
Despite these weaknesses, administrative data sets have
been demonstrated to be a valid tool for outcomes research
purposes.”’*? In particular, major procedures performed
in the operating room tend to be coded more accurately
and completely in administrative data than other types of
intervention.??

CONCLUSIONS

Our findings show (1) a trend of increasing utilization
of the endovascular repair for RAAAs and a corresponding
decline in the use of open procedures, and (2) a significant
reduction in mortality and complication rates for patients
receiving endovascular repair that correlates with the vol-
ume of procedures carried out by a hospital. These results
encourage further diffusion and application of endovascular
procedures for the repair of RAAAs.
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Our data do suggest, however, that significant endo-
vascular experience is necessary when treating these pa-
tients and, perhaps, this approach should be limited to
centers with high endovascular volume. Unfortunately,
patients do not always have the opportunity to select the
hospital to which they present, particularly when they are
being transported with a RAAA. As endovascular tech-
niques are more broadly applied, however, the number of
hospitals with expertise will continue to increase. Although
the risks and benefits of aortic endografts over the long
term are still to be elucidated, the excessive mortality rate of
conventional RAAA repair mandates the exploration of
alternative strategies with better prospects for survival.

We thank Dr Diana Catz, Dr Richard Falivena, and
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the preparation of this article.
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Table I (online only). List of International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM)
codes for comorbidities and postoperative complications

ICDY code Description
Comorbidities
Diabetes 250 Diabetes mellitus
Hypertension 401 Essential hypertension
402 Hypertensive heart disease
403 Hypertensive renal disease
404 Hypertensive heart and renal disease
405 Secondary hypertension
Emphysema 490 Bronchitis, not specified as acute or chronic
491 Chronic bronchitis
492 Emphysema
493 Asthma
494 Bronchiectasis
496 Chronic airway obstruction, not elsewhere classified
Coronary 413 Angina pectoris
414 Other forms of chronic ischemic heart disease
412 Old myocardial infarction
429.2 Cardiovascular disease, unspecified
Peripheral vascular disease 4439 Peripheral vascular disease, unspecified
440 Atherosclerosis
Renal 585 Chronic renal failure
403 Hypertensive renal disease
582 Chronic glomerulonephritis with unspecified pathologic lesion in kidney
Cerebral 434 Occlusion of cerebral arteries
433 Occlusion and stenosis of precerebral arteries
437 Other and ill-defined cerebrovascular discase
438 Late effect of cerebrovascular disease
Lipids 272.0 Disorder of lipoid metabolism. Pure hypercholesterolemia
Postoperative complications

Cardiac 997.1 Cardiac complications. Cardiac arrest during or resulting from a procedure.
Cardiac insufficiency during or resulting from a procedure
Cardiorespiratory failure during or resulting from a procedure. Heart
failure during or resulting from a procedure

Postoperative stroke 997.02 ITatrogenic cerebrovascular infarction or hemorrhage

Respiratory 997.3 Respiratory complications. Mendelson’s syndrome resulting from a
procedure. Pneumonia (aspiration) resulting from a procedure

518.5 Pulmonary insufficiency following trauma and surgery. Adult respiratory
distress syndrome. Pulmonary insufficiency following: shock, surgery,
trauma. Shock lung

Bleeding 285.1 Acute posthemorrhagic anemia. Anemia due to acute blood loss.

998.1 Hemorrhage or hematoma or seroma complicating a procedure

Infection 998.5 Postoperative infection

998.59 Other postoperative infection. Abscess: postoperative intra-abdominal
postoperative, stitch postoperative, subphrenic postoperative, wound
postoperative. Septicemia postoperative

996.62 Infection and inflammatory reaction due to internal prosthetic device,
implant, and graft-due to other vascular device, implant, and graft
(arterial graft, arteriovenous fistula or shunt, infusion pump, vascular
catheter (arterial) (dialysis) (venous)

Shock 998.0 Postoperative shock. Collapse NOS during or resulting from a surgical
procedure. Shock (endotoxic) (hypovolemic) (septic) during or resulting
from a surgical procedure

Renal 584 Acute renal failure

997.5 Urinary complications due to procedure

Mesenteric 557.0 Acute Vascular insufficiency of intestine

997.71 Vascular complications of mesenteric artery
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