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Venous thromboembolism (VTE) is a potentially preventable postoperative complicarion. Ac-
curare risk prediction is an essential first step roward limiting serious, and sometimes fatal,
postoperative VTE, We sought to develop and test a model o predict patients ar high risk for
postoperative VTE.

Dara from the Patient Safety in Surgery (P55) Study were used to develop and test a predictive
maodel of VTE using multiple logistic regression analyses,

VTE oceurred in 1,162 of 183,069 (0.63%) patients undergoing vascular and general surgical
procedures. The 30-day morrality in patients who suftered a VTE was 11.19%. Fifteen variables
independently associated with increased risk of VTE included patient factors (female gender,
higher American Society of Anesthesiologists class, ventilator dependence, preoperative dysp-
nea, disseminated cancer, chemotherapy within 30 days, and = 4 U packed red blood cell
transfusion in the 72 hours before operation), preoperative laboratory values (albumin < 3.5
mg/dL, hilirubin = 1.0 mgﬂ'dl L sodium = 145 mmal/L, and hemarocric << 38%), and operative
characteristics (rype of surgical procedure, emergency operation, work relative value units, and
infecred/contaminated wounds). These variables were used o develop a predictive model for
postoperative VTE (c-index = 0.7647) and a risk score that can be used in the preoperative
assessment of patients underguing major operations.

Venous thromboembolic events afeer noncardiac operations are relatively infrequent burt highly
lethal. Important multivariable risk factors for VTE in this setting were identified in the large
PSS database. The risk-prediction scoring system, developed by using the logistic regression
odds ratios, helps to identify patients at risk for postoperarive VTE and to institute appropriate
perioperative prophylactic measures. (] Am Coll Surg 2007:204:1211-1221. @ 2007 by the

American College of Surgeons)
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Venous thromboembolism (VTE) is a common cause of
preventable morbidity and morality in the postopera-
tive period.’ In the US, in 1998, 24,947 deaths were
attributed to pulmonary embolism (PE), and the tortal
number of deaths attributed to PE has been declining
since 1979.” But the prevalence of pulmonary embolism
at auropsy has not changed during the last 30 years.'
These two facts suggest that the actual number of deaths
from PE might be higher than recognized.
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Abbreviations and Acronyms

ASA = American Society of Anesthesiologises

DVT = deep vein thrombosis

NEQIP = Marional Surgical Qualicy Improvement Program
I'E = pulmonary embalism

PS5 Patient Safery in Surgery Study

VA = Vererans Affairs

VTE = wenous thromboembolism

Deep vein thrombosis (DVT) in the perioperative
period can remain clinically silent. Located in proximal
and distal deep veins, DVTs can lead to PE.* The inci-
dence of VTE varies greatly, depending on the type of
operation, patient comorbidities, and functional starus.
In surgical subpopulations, the risk of DV'T varies from
0.4% to 80%, depending on the site of deep veins in-
volved, nature of underlying operation, and parient
comorbidities,

Identifying patients at high risk for development of
VTE is integral for instituting prevenrarive measures tar-
geted at high-risk groups. In other disease states, risk-
assessment scores have been developed o predict the
postoperative complications, such as mortality from the
procedure itself, pnecumonia, respiratory failure, and car-
diac complications.” For example, the European system
for cardiac risk assessment score (EuroSCORE) was de-
veloped to predict mortality in the cardiac surgery pa-
tient population.”™ As another example, multifacrorial
risk-factor indices were developed to identify the pa-
tients at risk for postoperative pneumonia and respira-
tory failure after major noncardiac operations using the
National Surgical Quality Improvement Program (NS-
QIP) database.™

VTE has been targeted by the Centers for Medicare
and Medicaid Services, the Narional Quality Forum,
and others as an area for quality improvement. The key
proposed process to accomplish this goal is appropriate
VTE prophylaxis. We used data from the Patient Safery
in Surgery (PSS} Study to develop and test a risk model
for VIT'E. We then developed and validated a risk index
with the intention of providing a method to assess pre-
operative risk of VTE in patients undergoing general
and vascular operations.

METHODS
The PSS Study, which provided the data for this inves-
tigation, was conducted collaboratively by the American

College of Surgeons and the Department of Veterans
Affairs NSQIP with the objective of demonstrating the
feasibility of implementing the Vererans Affairs (VA)
NSQIP in private-sector hospitals." A detailed descrip-
tion of the NSQIP and PSS Study methodologies has
been reported previously and is summarized briefly
""1* Patients from 128 VA medical centers and 14
private-sector hospitals who underwent major general or
vascular procedures from fiscal years 2002 through 2004
were assessed as part of this study.

]'1'.‘.‘1".‘:.

Data collection

Each hospital (VA and private sector) had a trained risk-
assessment nurse who prospectively collected preopera-
tive patient characteristics, including risk factors, intra-
operative processes of care, and postoperative adverse
occurrences after the operation on the first 36 (in the
VA} or 40 {in the private sector) operations in each 8-day
cycle. Entry of common procedures, such as breast bi-
opsies and hernia repairs, were limited so that such cases
would not overwhelm the database. Ocher data, such as
laboratory values, were pulled into the data ser from
other computerized sources within the VA and were ei-
ther pulled from computerized systems or entered by the
nurses in the private-sector hospitals. The nurses com-
pleted in-depth training on all study definitions. Regular
conference calls, annual meetings, and site visits were
used to maintain dara reliabilicy.

The index operation was defined as the first operation
during the hospitalization for the patient, as some pa-
tients had more than one operation during their hospital
stay. On postoperartive day 30, the nurse obrained our-
come information through chart review, reports from
morbidity and moreality conferences, and communica-
tion with each patient by letter or by telephone. Multiple
operations within 30 days were not counted in the totals,

Data were collected on the postoperative occurrence of
DVT and PE.

Definition of DVT in PSS Study

DVT was defined as the identification of a new blood
clot or thrombus within the venous system, which might
be coupled with inflammarion. Duplex, venogram, or
CT scan confirmed this diagnosis. The parient had to be
treated with anticoagulation therapy or placement of a
vena cava filter, or both, or clipping of the vena cava.




Vol, 204, No. 6, June 2007 Rogers et al

Venous Thromboembolic Events after General and Vascular Surgery 1213

Definition of PE in PSS Study

PE was defined as lodging of blood clot in the pulmo-
nary artery with subsequent obstruction of blood supply
to the lung parenchyma. A pulmonary embolism was
considered to have occurred if the patient had a V-Q)
scan interpreted as high probability of pulmonary em-
bolism, a positive pulmonary arteriogram, or positive
CT angiogram.

Definition of VTE in PSS Study

A VTE event was considered ro have occurred if either a
pulmonary embolism or DVT as defined previously oc-
curred as a postoperative complication in this study.

Statistical analysis

We used VTE as the primary dependent variable and
used preoperative demographic and medical risk factors,
preoperative laboratory values, and the work RVU of the
operation itself as potential independent variables. Work
RVU, as developed by the Centers for Medicare and
Medicaid Services,' has been shown in the NSQIP w0
correlate well with the technical complexity of opera-
tions.'"” A category was added for “operation type” to
capture the differential risks for VTE involved with op-
erations on different areas of the body; these categories
were entered as potential independent variables. Any
pre- or perioperative variable that differed berween those
patients with and without a VTE with a p value of = (.20
in the bivariate analysis was considered a potential inde-
pendent variable and was entered as such into the logis-
tic regression analysis. Because operative time cannot be
accurately predicted preoperatively, we decided a priori
not to include it as a potential risk facror. We performed
forward stepwise regression analysis and set the p value
for selection as an independent variable at 0.05.

The data were complete with the exceprion of the
preoperative laboratory values, where tests were often
not ordered. For missing laboratory values, we used a
statistical technique to impute the missing values."
These imputed values were used in the logistic regression
modeling but not in the analyses comparing patient
characteristics with and without VTE.

The dara set was divided randomly into a develop-
ment and a validation set, each consisting of half the
total records. A logistic model was generated from the
development set and run on the validation set to verify
that the model was consistent when run on new dara.

51

For all regression analyses, the reference category was the
one that conferred the least risk of VTE.

Development of a scoring system

Using a modification of the methods of Le Gall and
colleagues'® point values were assigned to each risk factor
by rounding the odds ratio associated with cach factor
off to the nearest integer (eg, an odds ratio of 1.254
would add +1 to the final risk score). Adding these
totals for each patient, point rotals for each patient were
calculared. The risk index values were then divided into
discrete ranges. For each range, the mean predicred
probability of VTE produced from the development
model logistic regression equation was calculared. Mul-
tiplying these means by 100 produced the expected pro-
portions of VTE. These proportions were then com-
pared with the observed proportions of VTE in each
range of the risk index using a chi-square goodness-of-fit
test.

Evaluation of model performance

Discrimination and calibration of logistic regression
models were determined using the c-statistic and
Hosmer-Lemeshow goodness-of-fit tests in both devel-
opment and validation data sets.

RESULTS

14 private-sector academic medical centers in the gen-
eral and puriphtra] vascular subspccialtirs during fiscal
2002, 2003, and 2004, Of these records, 1,051 cases not
typically pe rformed by general or vascular surgeons (cur-
rent procedural terminology codes: 50000 to 59999:
urinary, male geniral, female genital systems and 61000
to (4999 nervous, eye, and auditory systems) were
dropped from the study. Of the 183,069 patient records
remaining in the study, an additional 286 were removed
because of missing values in the response or explanatory
variables, leaving 182,783 cases to determine the model
parameters. A total of 183,069 cases were used in all
tables, except for the tables related to the prediction
models, for which 182,783 cases were used. The cases
were grouped into 8 distinct categories based on the part
of the body or system that was involved (Table 1). Op-
erations on the gasrmintcsrina| tract were the most com-
mon (71,568 of 183,069 [39%)]), while hernia opera-
tions accounted for 24.6%, despite truncating the
collection of this -.:cnmnmnl].r pcrl:nrmf:ci opecration.



1214 Rogers et al

Venous Thromboembolic Events after General and Vascular Surgery

dAm Coll Surg

Table 1. Operation Types

CPT rang';e Dparaiiilis covered No. of operations % VTE
10000-29999 [ntegumentary and musculoskeleral system - 22,020 0.45
30000-32999  Respirawory system, hemic and lymphatic systems, 2,880 146
JB0OO0-3994) mediastinum, and diaphragm
33001-34900 ~ Thoracoabdominal ancurysm, embolecromy/thrombecromy, 2,867 1.15
venous reconstruction, and endovascular repair
35001-37799 Aneurysm, bload vessel repair, thromboendarterectomy, 29810 07
angioscopy, angioplasty and atherectomy, bypass and
composite grafts, ocher artery, and vein
A0000-4 3499 * Mouth, palate, salivary glands, pharynx, adenoids, and 2,589 0.85
espphagus
4350049429 Stomach. intestines, appendix and mesentery, rectum and 71,568 0.93
4P650-49999 anus, liver, biliary reacr, pancreas, abdomen, peritoneum,
and omenmm (nonhernia)
949149611 Hernioplasty, herniarrhaphy, hernioomy 44,970 0.15
6000060999 Endocrine system - 6,116 0.20
CPT missing 249 1.20

CIT vwrrent procedural terminclogy; VTE, venous thromboembolic event.

VTE occurred in 1,162 (0.63%) of the patients. A
VTE event is defined in this case as cither a pulmonary
embaolism or DVT complication. Patients with VTE had
11.19% 30-day mortality compared with only 2.54%
for those without VTE. Thirty-one preoperartive risk fac-
tors and 13 preoperative blood test results were associ-
ated with VTE in bivariate analyses (Table 2). Patients
with VTE were considerably older, more likelv wo be
women, and to have a higher American Society of An-
esthesiologists (ASA) classification. They were more
likely to have a history of congestive heart failure, im-
paired sensorium, and cerebral vascular accident. They
were considerably more likely to have a dependent func-
tional status, diabetes, disseminated cancer, steroid use,
preoperative weight loss = 10%, bleeding disorder,
rransfusion = 4 U RBCs, undergone chemotherapy,
ventilator dependence, COPD, acute renal failure, and
undergone dialysis. They were also more likely to have
low hemarocrit, creatinine = 1.5 mg/dL, and white
blood cell counts = 10,000/cumm.

In bivariate analyses, there were also differences in
perioperative processes and postoperative complications
(Table 3). Patients with VTE were more likely to have
undergone emergency operation, have had a general an-
esthetic, and be an inpatient. Their operations were al-
most an hour longer than those without VTE and had a
higher work RVU. Patients with VTE were also consid-
erably more likely to have other complications, such as
cardiac arrest, coma, cerebral vascular acadent, sepsis,

failure to wean from the ventilator, pneumonia, require
reintubation, and acute renal failure.

The following potential preoperative independent
variables did not differ significantly berween those pa-
tients with and without a VTE (p = 0.20) and were
removed from additional consideration: more than 2
alcoholic drinks per day, history of transient ischemic
artacks, and central nervous system tumor. Race and
pack-years smoked were also removed from additional
statistical analysis because of a high number of missing
values, All the risk factors that appeared statistically sig-
nificant on the initial bivariate analysis (Table 2) were
analyzed using multiple logistic regression analysis. On
multiple logistic regression analysis, only 15 of these risk
factors were found to be independently associated with
risk of developing VTE (Table 4). Remaining variables
or risk factors were not selected for development of the
risk assessment model, because these risk factors or vari-
ables did not achieve statistical significance on multiple
logistic regression analysis, even though they appeared to
be significant risk factors on initial bivariate analysis.

Fifteen variables were found to be independently as-
sociated with VTE (Table 4). All 15 variables independ-
ently conferred increased risk of VTE, with odds ratios
ranging from 1.167 (contaminated wound) to 9.369
{respiratory or hematologic system operation). The type
of operation, specifically operarion on the respiratory,
hematologic and lymphartic systems; mediastinum; and
diaphragm, conferred the highest risk. Patients who
were ventilator-dependent, had higher ASA class, dis-
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Table 2. Baseline Characteristics of Patient Population

Variable No VTE VIE p Value
Sample size (n) 181,907 1162
30-d mortality rate 2.54 11.19 = 0.0001
Specialry code (%) <2 0L
Cieneral TH.74 73092
Peripheral vascular 21.26 26.08
Race (%) ) . < 0.0001
* Hispanic 439 3.96 '
American [ndian 0.8 0.17
African American, not Hispanic 1230 1592 E
Asian ' 0.79 0.52
" Caucasian, not Hispanic 64,71 GE 16 -
Unknown g 925 0.4%
Missing 8.27 4.82
Gender (%) 0.0203
Male BOL26 77.54
Female 19.74 22,46
Age (y), mean = 5D 6031 + 14.34 GA26 T 13,65 < 0.0001
Cardiac (%) . '
History of CHF 2.26 5.42 < 0.0001
Central nervous system (%) .
Impaired sensorium 1.54 508 << {LDOB]
Coma : 0.08 0.34 < (.018
© CVA with neurologic deficit 4.56 6.71 0.0005
CWVA without neurologic deficit 296 4.13 0.0196
Hemiplegia 152 4.04 00010
History of TIA 3.93 3.27 0.2512
CNS tumor 0.6 0.26 0.4363
General (%o}
ASA class = (L0001
1-2 30,66 18.76 S
3 50.02 56.88
4—5 10.31 24.35
DNR status (%) 0.87 1.46 (1.0309
= 2 aleoholic drinks/d 767 864 02182
Diependent functional starus H.6d 18,69 < 00001
 Smoker 3211 2926 i . 0.0379
Pack-years, mean + SD 25.17 = 33.86 27.38 = 33.89 < 0.0001
Heparabiliary (%) ' '
* Ascires 1.18 3,70 i < 0.0001
Laboratory {%6) ' -
Albumin = 3.5 mg/dL 3197 54.67 = .00
Alkaline phosphaotase = 125 U/L 15,13 19,62 00003
Bilirubin = 1.0 mg/dL 14.16 19.79 < 0.0001
BUN = 60 mgfdl. 1.50 2.95 = 0.0001
Creatinine > 1.5 mg/dL 13.54 19.10 < 0.0001
HCT = 38% 3381 34.70 < 0.0001
HCT = 45% 17.86 11.20 < 0.0001
Platelers = 150,000/ cumm 7.40 1281 . = (L0001
" Platelets > 400,000/ cumm 727 12.99 < 0.0001

53
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Table 2. Continued
Varlable Mo VTE VTE p Value
SGOT = 40 U/L 12.94 17.54 < 0.0001
~Sodium < 135 mmol/L 15.23 12.29 < {0001
Sodium = 145 mmol/L . 1.37 3.64 ' < 0.0001
~ WBC . < 0.0001
T =2.5Mcamm 0,27 071 E
= 10.0% cumm 21.34 32.83
Nulrltiun;{"lﬂ'imrnmn:.forh::r [‘}'i:._} o =
~ Diabetes 18,80 22.89 01,0004
Diisseminared cancer - 2,40 7.6 < (LML
" Wound infection N 595 1291 = 0000
* Steroid use i . 3.07 .43 < 0.0001
Weight loss = 10% 443 10,07 < 0.0001
* Bleeding disorder ' 3.34 9.98 < 0.0001
Transfusion = 4 U RBCs 0.72 4.82 . = 0.0001
Chematherapy 1.30 4,22 = 0.0001
Rﬁdinrhcmp}-‘ naz 1.55 (L0249
* Sepsis ' 2.59 9.32 < 0.0001
Pulmanary (%) '
Divspnea {minimal or at Test) 14.45 26.10 < 0.0001
_Vt:ntilatur.dcpcndcrir = 48 h 0.88 6.37 < 0.0001
‘Current pneumonia ' 0.82 3.36 < 0.0001
~History of COPD v E 11.07 16.27 < 0.0001
Renal (%) ' - ]
~Acute renal failure - .88 2.15 < 0.0001
 Ondialysis - 2.22 413 ' < 0.0001

ASA, American S(M.'!I:[:f' 1]!-.-'l.1:|.-.\|.|1g'¢.iuln;:-_15i~s|:s:_ BLUM, blood urea nitrogen; CHE ._-nngcs[i_vc heart Failure; CMS, central nervous 5:,'511:111-,{"_@ L2, chronic obstructive
pulmenary disease; CVA, cerchrovascular acciden; DNR, do nor resuscitare; HCT, hematoeric; RBC, red blond cell; $GOT, serum gluramic-oxalaceric
transaminase; TIA. mansient ischemic atrack; VTE, venous thromboembolic event, WEC, whirte blood cell,

seminated cancer, and chemotherapy for malignancy in
the last 30 days were at increased risk of VTE. Preoper-
ative transfusions of = 4 U blood RBCs, preoperative
serum sodium = 145 mmol/L, and preoperative hemat-
ocrit = 38% were also independent predictors of VTE.

Risk index

VTE risk index can be calculated by adding the point
values for each risk variable present in a parient (Table
5). For example, a 70-year-old male patient with venti-
lator dependence, ASA class 3, undergoing a thoracic
operation, and a preoperative hemarocrit of 35% has a
VTE risk index score of 14 points (9 points for thoracic
operation, 2 points for ASA class 3, 2 points for ventila-
tor dependence, and 1 point for low hemarocrit).

We divided the patients into discrete risk index score
ranges based on the predicred rates of VTE (Tahle 6}
using the development data set, We then tested these
ranges of risk index scores with the validation data ser

54

{Table 6). The risk index score was divided into 3 dis-
crete ranges based on the rate of VTE: low (risk score 1 1o
6}, medium (risk score 7 to 10), and high (risk score =
10). The model had a c-index (a measure of how well the
index is able to predict the outcomes) of 0.7647, and the
Hosmer-Lemeshow goodness-of-fit test produced a chi-
square value of 9.8129 (p = 0.2784) indicating excellent
discrimination and a good fit of the model.

The VTE complication rates for patients grouped by
their risk indices are graphed in Figure 1. The estimared
risk of VTE complication for the patient with risk index
14 is 2.1%. The graph shows logarithmic acceleration ro
the rate of VTE as risk indices increase with VTE rates.

DISCUSSION

With this large prospectively collected data ser available
from the VA and the private sector, we developed a
model to predict VTE, which, although complex, is
highly predictive. Tests of the regression model using
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Table 3. Perioperative Processes of Care and Postoperative Complications

Perioperative variable Mo VTE VTE P Value

Work RVU (%) - < 0.0001
<10 ~ 3051 ' 34.11
Lo 36.85 1111
=7 32.65 54,78 S——

Emergency (%) = w73 24.18 < 0.0001

Anesthesia (%) < 0.0001
General 84.71 0484 N '
Spinal 1.1l o 1.29

 Epidural 778 318
Monitored 0.73 (.00
Local 051 0og

T Other 5.15 0.6

Inpatient (%) 6224 91.31 < 00001

Operation time (h), mean = SD 215 * 166 311 %218 < 00001

L T
Clean 60.89 - 3898
Clean/contaminared 2947 4380 s
Conraminared - 5,03 .0l
Diirey/infected 4.61 80l

PGY (%) - = 00001
0 - 24.41 16.06
1-2 16.92 8,449
3 12.95 1264 -
4 1009 - 13.45

s 2747 37.45
=6 816 11.491 B

Cardiac complications (%) == =
Cardiac arrest 0.80 S T = < 00001
Myocardial infarction 0.54 2.15 o < (L0001

Central nervous system complications (%) -

" Coma=>24h 0.12 0.95 = 0,0001
Cerebral vascular accident 0.532 2,32 = (L0001
Peripheral nerve injury 0.08 o 0.26 - 0.0778

mmzm_pﬁc}:ﬁé}ﬁ {9%)

Bleeding requiring = 4 1) packed RBCs 0,50 284 <2 {1000
Grafi/prosthesis failure 041 146 : < 0.0001

* Systemic sepsis 1.62 13.51 < 0.0001

Respiratory complicarions (%) -
Failure 1o wean 2.50 18.50 - = L0001
Prneumonia 2.31 13.83 < 00001
Feintubarion 1.88 14.81 < 0.0001

Urinary tract complications (%) : o
Acure renal failure 0,57 370 < 00001
Renal insufficiency 0.55 Bl = 0.0001
Urinary rract infecrion 2.21 - 11.79 o = 0.0001

Wound complications (%)

Drehiscence 1.13 3m < (0,0001
Superficial infection 3.25 7.31 < (0.0001
Deep wound infection 143 448 < (1L0001

P, post-graduate vear of surgeon; REC, red blood cell; BVU, relative value unit: VTE, venous thromboembolic evenr.

35
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Table 4. Independent Predictors of Venous Thromboembolic Events {Development Set)

Probability =

Step Effec’t entered Parameter estimate chi-sguare Odds ratio (95% Wald C1)
I Work RVU 10-17 versus < 10 0.8058 <0.0000  2.239 (1.635-3.066)
I Work RVU = 17 versus < 10 : 1.0496 < 00001 2,857 (2.052-3.976)
2 Ventilator dependent 0.6184 0.0036 1.856 (1.223-2.816)
i Frenpﬂ.:tnc albumin {= 3.5 versus = 3.5) 0.1936 00609 1.214 (0.991-1_4R6)
4 Integumentary versus endocrine - 1.1779 00261 3,248 (1.151=9.167
4 -RJ.SPimT-Dn and hemic versus endocrine 2.2375 < 0.0001 9.369 (3.225-7.219)
4 Thoracoabdominal versus endocrine - 1.9209 00005 G827 (2318101113
4 :“anur}sm VErSUS Lndur_rm: - 13147 LN RE 3724 [_I.3'5!}—]U.2?.'1} ==
i Mouth, pa P alate versus endocrine - 1.3866 00209 4.001 (1.233-2.982)
4 \la];l.ar_]'l intestines versys ¢ |1dn:ucr|ne i T 1.3898 00062 4014 [i.fiﬁﬂ—j 1009}
g Hernia versus endocrine 0.G183 B 0.2603 [.856 ((L632-5.445]
5 Disseminared cancer 0.6273 = {1,000 1.873 {1.370-2.561)
6 'ASA class (2 versus 1} 02838 0.3948 © 1.328 (0.691-2.553)
6 ASAclass (3 versus 1) 0.7522 o 0.0224 2,122 {1.112-4.047)
6 ASA class {4=5 versus 1) . 0.8665 ~0.0122 2.378 {1.208—4.684)
7 _F_mr_'rgrnn (L3784 ool 1.460 (1.1 65-1 B3N
8 Preoperative hematocrit = 38 02779 0.0044 1.320 (1.091-1.598)
9 Gender (female versus male) EEE 0.0024 1370 {1.118-1.680)
10 —Eﬁcmurhtm|r» for nm]lgnancv in lase 30 d 0.6035 0.0049  1.829{1.200-2.785)
I lept‘:allw. bilirubin = [0 02606 00155 Eﬂﬂ{li:l'fr]_—lﬁﬂjjl i
12 Transfusion = 4 U packed RBCsin 72 h - = I -

before operarion 0.4757 00306 1609 {1.030-2,513)
13 Wound class (clean/contaminared versus clean) 03372 0.0055 1.401 {1.105-1.776)
13 " Wound class (contaminared versus clean} 01541 0.4106 1167 (08081 .6.34:! ==E
13 Wound class (infected versus clean) 0.3237 00809 1.382 (0.961-1.988)
14 Preoperative serum sodium = 145 mmol/L 0.4793 R 1615 (1.020-2.558)
15 D}*apn:m f}'::\"w.nus na) 02015 0.0476 1.225 (1.002<1 .45}33. B

Crindex = 0.7647; Hosmer-Lemeshow chi-square = 9.8129 (p = 0.2784); no. of records used

91,403: p = 0.2784.

ASA, American Society of Anesthesiologists; RBC, red Blood cell; BV, relative value unic.

random samples for development and validation sets of
the patient population suggest stable predicrive ability of
the model. The NSQIP has well-defined data definitions
for each preoperative variable and postoperative compli-
cation, including V'TE, making it an excellent platform
on which to develop such a risk index model. This model
helps surgeons identify high VTE—risk populations at
the rime of preoperative evaluation, thereby implement-
ing appropriate prophylactic measures in a timely man-
ner in patients at risk for VTE.

In this analysis of prospectively collected dara, we
found an incidence of 0.63% of VTE. This data analysis
confirmed many previously described risk factors for
VTE. In our study, pacients with VTE were more likely
to be older and women, and type of operation had an
independent association with the risk of developing
VTE. Endocrine operation was associated with the low-
est risk of VTE and so was set as a reference in the risk
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modeling, Operations involving the respiratory system
conferred the highest VTE risk (odds ratio = 9.369).
This high VTE risk can be explained by postoperative
respiratory failure, which is especially common after
thoracic operations.” The consequent bedridden physi-
cal condition and limited mobility predisposes to VTE.
Comaorbidities such as disseminated malignancy, recent
preoperative chemotherapy, and preoperative venrilaror-
dependence were clearly shown to be independently as-
sociated with development of postoperative VTE in this
data analysis. These findings are clearly supported by
numerous carlier studies that have shown thar malig-
nancy, associated chemotherapy, and ventilator depend-
ence are risk factors for VTE." Not surprisingly, patients
with higher ASA class were found to have higher inci-
dence of VTE in the postoperative period. Patients with
VTE were also more likely to have low hematocrits in
this data analysis. Transfusion of = 4 U packed RBC
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Table 5. Venous Thremboembolic Event Complication Risk prmp&:rati?ci}’ was also indepcndenﬂy associated with
Index for General and Vascular Surgery Patients

~ the dnr::lupmcnt of VTE. A retrospective case-control
Risk A f
score  study found thar allogeneic blood transfusion was as-

Risk factor points  sociated with increased risk of postoperative VTE.'™
Operation type other than endocrine —_ Another retrospective case-control study found thac in-
Respiratory and hemic 9

: traoperative packtd. RBC and fresh frozen piasmz trans-
Thoracoabdominal aneurysm, embolectomy/ : ; g i
Hinombertomn venss resastnctiie ani fusion were associated with increased VTE risk.

 endovascular repair 7 Patients with preoperative infected and contaminated
 Ancurysm - 4 wounds havea higher incidence of VTE when compared
Mouth, palate 4 with the rest of the patient population. A retrospective
_peechiatesne 4 casc-control study found wound infection to be a signif-
::_—f?:mm—— = i - icant risk factor for VI'E in burn patients with infected
ASA physscal st clissibication wounds."" Preoperartive dyspnea was also associated with
Bk S — 3 higher incidence of VTE. Again, this finding can be
] - ' ) T explained by immobility because of dyspnea.
Female gender 1 We observed high 30-day postoperative mortality in
Work RVU e a5 .- — patients with VTE when compared with patients with-
=17 3 out VTE (11.19% versus 2.54%). Given the mortality
L ]_?j : - - 2 and morbidity associated with VTE, this is an important
I'wo points for each of these conditions 2 SEnats iy J .
e . (A for quality improvement, as it can substantially im-
Chemotherapy for malignancy within 30 d of operation pact on the quality of care and outcomes of surgical
Preoperative serum sodium > 145 mmoliL . —  parients."” Greater attention should be paid to appropri-
" Transfusion = 4 U packed RBCs in 72 h before ' ate VTE prophylaxis to prevent this complication. We

operation

have developed a simple preoperative assessment of like-

¥emalams-dependent . lihood of VTE so that we can target surgical patients for

Duspivsiia bk Rice covdiin: T appropriate prophylaxis. Multimodality approaches us-
Wound class (clean/contaminated) 3 : i . :

et i ing pharmacologic and mechanical VTE prophylaxis

reaperative hemarocrit = Bl . g :

FTWPCIRI"“"C bilirubin = 1.0 mg."dL Shﬂi.lld bf 'L'I.Eﬂd n hlgh-rlsk PH[[CHEE, ds thlE ﬂFPrﬂGCh I'Iﬂ."'\-

" Dyspnea - been shown to be effective.” As use of VTE prophylaxis

~ Albumin = 3.5 mg/dL electronic/computer alerts increased physicians’ use of

Emergency _ prophylactic measures and reduced rates of VTE, elec-

i.:_rn_;_p_o_ip:s for each of these conditions 0 tronic alerts should be an essential part of an institu-
ASA physical status class 1 tion's appruach in improving the qualil:}r of postopera-

Lt — tive patient care.”’ In addition, Vaitkus and colleagues™
Male gender

. e —c : —  have demonstrated thar even asympromartic DVT is as-
ASA, American Society of Anesthesiologists; RBC, red blood cell; RVL, . g : : . q
AT S sociated with substantially increased mortality. Given

Table 6. Actual Versus Predicted Venous Thromboembolic Event Rates by Risk Index Levels in the Development and
Validation Data Sets

Development  validation
Risk level Scorerange  n  Predicted VTEs (%)  Actual VTEs (%) n Predicted VTEs (%)  Actual VTEs (%)
Low =7 26,332 0.100 0103 26,289 0099 0110
Mediom  7-100 37,602 0500 0436 37,569 0502 0474
High =10 27,469 T L370 145 27,450 L1374 1315

C-indices for the risk index were (.7544 (development) and 0.7303 (validation). C-indices for the 3-level risk caregorics were 0.7201 {development) and 0.7033
talidation],
VTE, venous thromboembolic event.
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Figure 1. Relationship of deap vein thrombosis (DVT) risk scale to rate of DVT. The graph displays only data points for those scale levels

with at least 50 patients (scale < 20).

that asymptomatic VTE is common, more aggressive
surveillance might be warranted for chose patients in the
highcst-risk groups.”’

Even though high mortality was noted in partients
with VTE, itis difficult to predict accurately whether
this was a result of the occurrence of VTE alone or the
underlying severity of the illness, which could be the
reason behind both the mortality and VTE. QOur
models are limited in part by variables that are not
part of the N5QIP database that might impact the
rates of VTE, such as the period of bed immobiliza-
tion. An additional limitation is chat we do not have
information about the process of VTE pmphylaxis in
this patient cohort to link the process and outcomes.
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As most perioperative DVTs are clinically silent and
form spontaneously in proximal venous segmens,*
these silent VTEs might not have been recognized and
included by the NSQIP methodology. In addirion,
P5S/NSQIP  darabase included VTEs occurring
within 30 postoperative days only. Bur the true im-
pact of hospitalization on development of VTE can
last longer than 30 days.”* These two facts indicarte that
the N5QIP methodology can underestimate the true
incidence of VTEs in the postoperative period and the
impact of operations and hospitalization on develop-
ment of postoperative VTE. Finally, considering thata
large part of the data in this study was derived from VA
medical centers, these data might not accurarely reflect
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the general population, as veterans are more likely to be
male patients and have greater comorbidities.
Surgeons can use this newly developed VTE risk in-

men after major noncardiac surgery. The National Veeerans
Administration Surgical Quality Improvement Program. Ann

Surg 20005232:242-2353,
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10. Khuri SE Henderson %W, Daley J. et al, The pacient safety in

prophylaxis and aggressive surveillance for those at high-
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