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Abstract Little research has been done on the current cut-
off international normalized ratio (INR) value of 1.5 for
patients undergoing surgery. The objectives of this study are
to assess the association between INR and postoperative
major bleeding and mortality in patients undergoing surgery
and to identify an ideal pre-operative INR for surgical
patients. We analyzed data from the American College of
Surgeons’ National Surgical Quality Improvement Program
database between 2008 and 2011 (636,231 patients). The
primary outcomes were major bleeding and mortality at
30 days postoperatively. Multivariate logistic regression
analyses were carried out to assess these associations.
Compared to an INR of <1, the adjusted odds ratio (aOR) for
major bleeding was 1.22 (95 % CI 1.18-1.25) for INR
1-1.49, 1.48 (95 % CI 1.40-1.56) for INR 1.5-1.9, and 1.49
(95 % CI 1.39-1.60) for INR >2. The aOR for mortality at
30 days post-operation compared to INR of <1 was 1.51
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(95 % CI 1.41-1.62), 2.31 (95 % CI 2.12-2.52), and 2.81
(95 % CI 2.56-3.10) for INR 1-1.49, 1.5-1.9, and >2,
respectively. The ideal pre-operative INR value to predict an
increased risk for major bleeding was 1.10 and 1.13 for
mortality. In conclusion, preoperative INR is significantly
and independently associated with postoperative major
bleeding and mortality.

Keywords INR - Surgery - Outcomes - ACS NSQIP -
Prothrombin time - Hemostasis

Background

Warfarin remains the most commonly prescribed oral
anticoagulant in the United States with 1.6 million patients
receiving it in 2011 [1]. Indications for its prescription
include prophylaxis and treatment of venous thrombosis
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and pulmonary embolism [2], prophylaxis and treatment of
thromboembolic complications associated with atrial fib-
rillation [3] and/or cardiac valve replacement [4], and
reduction in the risk of death, and re-infarction following
myocardial infarction [5].

Warfarin acts by inhibiting the synthesis of vitamin K
dependent coagulation factors leading to the inhibition of
thrombin generation, thereby decreasing the risk of throm-
bosis and thromboembolism [6]. Patients treated with war-
farin are routinely monitored using the international
normalized ratio (INR), which measures the extrinsic path-
way of coagulation [7]. The use of warfarin, however, poses a
potential problem for patients scheduled for surgery. While
the continuation of anticoagulant therapy increases the risk
of bleeding following invasive procedures, stopping therapy
may increase the risk of thromboembolism [8]. When the
decision to stop anticoagulant therapy before surgery is
made, the patient’s INR is used as a measure to determine
when it is safe to commence surgery, with an INR of 1.5
being deemed safe for most surgical procedures to be per-
formed [9]. However, this is a rough clinical estimate and no
studies have clearly documented an ideal INR or a threshold
at which surgery becomes unsafe [10]. Recently, the clinical
utility of using the INR in managing anticoagulated patients
undergoing surgery has come under criticism; two system-
atic reviews did not find sufficient evidence to prove that the
INR is a clinically useful measure either in predicting post-
operative bleeding [11], or in guiding the reversal of anti-
coagulation before surgery [12]. However, these reviews
included studies with small sample sizes and did not come to
definitive conclusions on the subject.

Other patients that pose a surgical challenge and that have
an elevated INR include patients with liver disease [13], and
patients with deficiency or inhibition of coagulation factors
V, VII, X, prothrombin, or fibrinogen [14]. These patients’
pre-operative INRs also play a role in the decision of when
and if it is safe for them to undergo surgery [15].

The primary objective of this study was to assess whe-
ther there is an association between elevated INR and
postoperative major bleeding and mortality in patients
undergoing surgery. The associations between preoperative
INR and major bleeding and mortality were also evaluated
across different surgical subspecialties. Finally, we
attempted to identify an ideal preoperative INR for surgical
patients.

Methods
Study design and data collection

We analyzed data from the American College of Surgeons’
National Surgical Quality Improvement Program (ACS
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NSQIP) database. The ACS NSQIP database is a prospective
validated outcomes registry created to offer hospital mem-
bers feedback about 30-day risk-adjusted surgical mortality
and morbidity [16, 17]. This database includes anonymous
data for patients’ demographics, admission sources, func-
tional statuses, preoperative risk factors, laboratory data,
perioperative variables, and 30-day postoperative outcomes
for patients undergoing major surgery in more than 200
participating non-Veterans’ Affairs administration hospitals
[16]. Trained surgical clinical reviewers obtained the data
from medical charts, operative logs, anesthesia records,
interviews with the attending surgeon, and telephone inter-
views with patients [16].

For this study, the ACS NSQIP participant use file for
2008 till 2011 was obtained for all major surgeries. From
this dataset, we identified 1,413,138 patients who under-
went major surgery during the study period. No patient was
included in the database twice and only the index case was
used for patients who had undergone more than one pro-
cedure. We excluded 776,907 patients for not having INR
recorded in their files, yielding 636,231 patients for anal-
yses in this study. In accordance with the American
University of Beirut’s guidelines (which follow the US
Code of Federal Regulations for the Protection of Human
Subjects), institutional review board approval was not
needed or sought for our analysis because the data was
collected as part of a quality assurance activity.

Procedures

The preoperative INR was defined as the last INR mea-
surement before the index operation. The patients were
divided into four groups according to their preoperative INR
(<1, 1-1.49, 1.5-1.9, and >2). This grouping was chosen in
relation to current clinical practice where a preoperative INR
of 1.5 is deemed safe for most surgeries [9].

The primary postoperative outcomes were major
bleeding defined as requiring more than four units of blood
within 72 h of the operation and mortality at 30 days after
the operation.

Statistical analysis

Patients’ characteristics were summarized by providing the
percent for categorical variables, whereas the continuous
ones were summarized using the mean and standard devi-
ation. Associations between different characteristics were
assessed using the y° test, independent sample ¢ test, or
ANOVA.

To control for potentially confounding effects of
patients’ characteristics, multivariate logistic regression
analyses were carried out. Variables considered as con-
founders were demographics or medical histories deemed
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of clinical relevance. These included sex, age, race, body
mass index (BMI), diabetes mellitus, smoking, ascites
within 30 days, esophageal varices, hypertension requiring
medications, gangrene, acute renal failure, current dialysis,
transient ischemic attack (TIA), previous cerebrovascular
accident (CVA), paraplegia, quadriplegia, disseminated
cancer, open wound, steroid use, bleeding disorders, blood
transfusion, chemotherapy, radiotherapy, systemic sepsis
within 48 h, prior operation within 30 days, high creatinine
(>1.2 mg/dL), hypernatremia (>145 mmol/L), hypona-
tremia (<135 mmol/L), high total bilirubin (>1 mg/dL),
high serum glutamic-pyruvic transaminase (SGPT) (>40
U/L), high alkaline phosphatase (>125 U/L), low platelet
count (<150,000 cells/ul), mean serum albumin, Ameri-
can Society of Anesthesiologists (ASA) class, emergency
case, type of anesthesia, inpatient status and operative time.
Odds ratio (OR) and 95 % confidence interval (95 % CI)
were reported comparing each of the INR group 1-1.49
(OR1), 1.5-1.9 (OR2), and >2 (OR3) to the reference INR
<1. Furthermore, stratified analyses of this association
were carried out according to the surgical subspecialty,
which included: general, gynecology, neurosurgery,
orthopedic, head and neck, plastic, thoracic, urological,
vascular, and cardiac surgeries. Moreover, other factors
used for stratification were those thought to modify the
effect of INR on bleeding.

The ability of INR to detect outcomes and to discrimi-
nate between patients who developed the outcome and
those who did not was assessed using receiving operative
characteristic (ROC) curves. The Youden index was cal-
culated to determine the best INR cut-off for both major
bleeding and mortality [18].

All p values were two-sided with the level of signifi-
cance set at <0.05. The Statistical Analysis Software (SAS)
version 9.1 was used for data management and analyses.

Results

A total of 636,231 patients were included in this study.
Patients had a mean age of 60 years (SD 16.4) and
52.6 % were women. Table 1 presents demographics and
baseline patient characteristics for each of the INR
groups. Compared to patients with lower INRs, patients
with higher INRs were more likely to be older with the
mean age of INR >2 (67.8 years) being 10 years older
than the mean age of INR <1 (57.7 years). In addition,
patients with higher INRs were more likely to be diabetic
with 17.8 % in INR <1 and 26.6 % in INR >2 taking oral
hypoglycemic drugs or insulin. They were more likely to
have hypertension requiring medication, 52.8 % in INR
<1 and 73.9 % in INR >2. They had an increased risk of
systemic sepsis in the previous 48 h, 4.9 % in INR <l

and 27 % in INR >2. In addition, they had an increased
risk of surgical wound infection with 3.2 % of patients in
INR <1 and 179 % in INR >2 developing wound
infections post-operation. Weight and BMI were approx-
imately similar in all four INR groups. Patients with
lower INRs more commonly reported tobacco use in the
past year, 24.9 % of patients in INR <1 and 17.9 % in
INR >2. They were also more likely to be independent in
functional status when compared to patients with higher
INRs, 95.9 % of patients in INR <1 and 75.9 % in INR
>2 (Table 1).

Table 2 presents the comparison of the preoperative
variables, and perioperative variables among the four
groups. Patients with a higher preoperative INR were more
likely to have a lower mean serum albumin, with INR <1
having a mean of 4 g/dL and INR >2 having a mean of
3.3 g/dL. They were more likely to have alanine amino-
transferase (ALT) levels below 40 U/L, 10.3 % for INR <1
compared with 21.7 % for INR >2. They were also more
likely to have alkaline phosphatase levels below 125 U/L,
9.6 % for INR <1 compared with 19.3 % for INR >2.
Patients with a higher preoperative INR were more likely
to have dyspnea, 11.1 % for INR <1 compared with
21.4 % for INR >2. They were more likely to have had
previous cardiac surgery, 21.1 % for INR <1 and 33.4 %
for INR >2. Patients with a higher INR were also more
likely to have a history of peripheral vascular disease, 21 %
for INR <1 and 28.5 % for INR >2. They were also more
likely to have a history of a bleeding disorder, 4.6 % for
patients with INR <1 and 47.5 % for INR >2. They were
more likely to have a history of severe chronic obstructive
pulmonary disease (COPD), 6.2 % in INR <1 and 11.8 %
in INR >2. Finally they were more likely to have acute
renal failure, 0.3 % in INR <1 and 4 % in INR >2
(Table 2).

After adjustment for potential confounders, increased
preoperative INR was found to be significantly and inde-
pendently associated with increased major bleeding. Major
bleeding occurred in 5.1 % of patients in the <1 INR
group, 7.8 % for INR 1-1.49, 16.6 % for INR 1.5-1.9, and
14.0 % for INR >2. The adjusted odds ratio (aOR) as
compared to INR <1 was as follows 1.22 (95 % CI
1.18-1.25) for INR 1-1.49 (OR1), 1.48 (95 % CI
1.40-1.56) for INR 1.5-1.9 (OR2), and 1.49 (95 % CI
1.39-1.60) for INR >2 (OR3). Across the different surgical
subspecialties, there was an observed trend of increased
major bleeding with increased INR. Notably, in general
surgery, OR1 was 1.32 (95 % CI 1.25-1.39), OR2 was 1.73
(95 % CI 1.60-1.88), and OR3 was 1.89 (95 % CI
1.71-2.09) (Table 3).

The mortality rate 30 days postoperatively was 0.8 %
for INR <1, 2.6 % for INR 1-1.49, 13.5 % for INR
1.5-1.9, and 12.4 % for INR >2. After adjustment for all
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Table 1 Baseline patient characteristics

All INR <1 INR 1-1.49 INR 1.5-1.9 INR >2 p value
N = 636,231 N =125,034 N =479,155 N = 20,156 N =11,886
Sex (female) 52.6 % 62.6 % 50.7 % 42.4 % 44.7 % <0.0001
Age (years), (Mean, SD) 60.1 (16.4) 57.7 (15) 60.2 (16.7) 66.3 (15.4) 67.8 (14.3) <0.0001
<50 254 % 28.7 % 254 % 14.2 % 11.0 % <0.0001
50-65 319 % 37.1 % 31.0 % 27.1 % 25.8 %
65-80 304 % 272 % 30.7 % 36.7 % 39.8 %
>80 122 % 7.0 % 129 % 22.0 % 234 %
Race
White 75.2 % 76.6 % 74.6 % 77.1 % 81.5 % <0.0001
Black 11.8 % 11.3 % 11.9 % 12.5 % 8.9 %
Other 13.0 % 12.2 % 13.5 % 10.4 % 9.6 %
Weight (pounds), (Mean, SD) 185.6 (54.3) 186.7 (54.4) 185.2 (54.3) 184.9 (55.4) 188.1 (55.5)  <0.0001
Height (inches), (Mean, SD) 66.2 (4.2) 65.7 (4.1) 66.3 (4.2) 66.7 (4.4) 66.6 (4.4) <0.0001
BMI (kg/cm?), (Mean, SD) 29.7 (8.2) 30.3 (8.3) 29.5 (8.2) 29.2 (8.4) 29.7 (8.3) <0.0001
<30 60.7 % 57.5 % 61.4 % 62.7 % 60.1 % <0.0001
>30 393 % 42.5 % 38.6 % 373 % 39.9 %
Alcohol intake in previous 2 weeks 18.8 % 19.9 % 18.6 % 17.0 % 17.3 % <0.0001
Tobacco use in PAST year 20.9 % 249 % 20.0 % 19.4 % 179 % <0.0001
Pregnancy 0.1 % 0.2 % 0.1 % 0.1 % 0.04 % <0.0001
Diabetes on oral drugs or insulin 19.6 % 17.8 % 19.5 % 28.2 % 26.6 % <0.0001
Hypertension requiring medication 56.4 % 52.8 % 56.4 % 69.5 % 739 % <0.0001
Systemic sepsis in previous 48 h 11.2 % 4.9 % 11.3 % 40.0 % 27.0 % <0.0001
Steroid use for chronic condition 4.3 % 39 % 4.2 % 7.1 % 6.8 % <0.0001
Operation within previous 30 days 20.0 % 18.7 % 19.9 % 26.7 % 243 % <0.0001
Functional status
Independent 90.2 % 95.9 % 90.0 % 68.9 % 759 % <0.0001
Partially dependent 7.0 % 34 % 74 % 17.4 % 13.5 %
Dependent 2.8 % 0.7 % 2.7 % 13.8 % 10.5 %
ASA Class®
I-1I 39.0 % 47.8 % 38.5 % 10.0 % 12.1 % <0.0001
11 48.6 % 46.6 % 49.0 % 49.9 % 54.3 %
v-v 12.4 % 5.6 % 12.5 % 40.1 % 33.6 %
Type of anesthesia
General 91.5 % 914 % 91.6 % 93.0 % 89.6 % <0.0001
Other 8.5 % 8.6 % 8.4 % 7.0 % 10.5 %
Surgical subspecialty
General 56.3 % 55.6 % 56.4 % 60.3 % 53.1 % <0.0001
Gynecology 25 % 34 % 2.3 % 0.6 % 1.0 %
Neurosurgery 39 % 5.1 % 3.7 % 0.8 % 1.1 %
Orthopedic 10.6 % 11.4 % 10.6 % 6.1 % 73 %
ENT 1.5 % 2.0 % 1.4 % 0.5 % 1.0 %
Plastic 1.0 % 1.1 % 1.0 % 0.7 % 0.9 %
Thoracic 1.6 % 1.5 % 1.6 % 1.3 % 0.8 %
Urology 3.8 % 4.0 % 3.8 % 1.7 % 3.1 %
Vascular 17.4 % 14.8 % 17.4 % 26.9 % 30.8 %
Cardiac 1.6 % 1.1 % 1.7 % 1.2 % 0.9 %
Mean work relative value unit (Mean, SD)® 18.5 (13.8) 18.6 (14.0) 18.6 (13.7) 17.1 (13.7) 16.4 (14.0) <0.0001
Inpatient status 823 % 77.4 % 83.1 % 92.3 % 84.6 % <0.0001
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Table 1 continued
All INR <1 INR 1-1.49 INR 1.5-1.9 INR >2 p value
N =636,231 N =125,034 N =479,155 N = 20,156 N = 11,886
Days from admission to operation
0 72.6 % 86.2 % 70.6 % 40.2 % 63.3 % <0.0001
1 9.2 % 6.0 % 9.6 % 17.4 % 14.1 %
>1 18.2 % 7.8 % 19.8 % 424 % 22.6 %
Mean total operation time (min) 132.4 (103.9)  135.5(105.0)  133.0 (104.3)  111.9 (89.6) 110.4 (90.9)  <0.0001
Airway trauma 0.3 % 0.3 % 0.3 % 0.3 % 0.4 % 0.2779
Emergency case 14.1 % 7.3 % 14.4 % 37.1 % 34.3 % <0.0001
Perioperative transfusion 1.8 % 0.4 % 1.8 % 8.3 % 53 % <0.0001
Infected surgical wound class 8.0 % 32 % 8.3 % 24.6 % 17.9 % <0.0001

BMI body mass index, ASA American Society of Anesthesiologists

% ASA scores: I, healthy patient; II, mild systemic disease but no functional limitations; III, severe systemic disease with definite functional
limitations; IV, severe systemic disease that is a constant threat to life; and V, moribund patient unlikely to survive 24 h with or without

operation

° Work relative value unit is a scale (0-95) to quantify the amount of work involved in a specific surgery based on preprocedural, intrapro-
cedural, and postprocedural time; technical skill; physical effort; mental effort and judgment; and stress due to potential risk. It is the work
portion of the Resource-based Relative Value System adopted by Medicare to quantify the amount of work involved in each medical procedure.

A score of 0 = least complex and 95 = most complex

potential confounders elevated preoperative INR remained
notably associated with increased 30-day mortality. The
aOR OR1 was 1.51 (95 % CI 1.41-1.62). OR2 was 2.31
(95 % CI 2.12-2.52). OR3 was 2.81 (95 % CI 2.56-3.10)
(Table 4). Surgical subspecialties that were found to have a
definite association between increased mortality and high
INR included: general surgery, gynecology, neurosurgery,
orthopedic surgery, thoracic surgery, urology, vascular
surgery, and cardiac surgery. Specialties that were not
found to have a statistically significant association between
INR and mortality were ENT and plastic surgery (Table 4).
Postoperative major bleeding was found to be directly asso-
ciated to increased mortality. The mortality in patients who did
not bleed was 2.18 and 9.43 % in patients who did bleed. After
adjustment for clinically relevant confounders, increased major
bleeding was found to be directly related to increased mortality
with an aOR of 1.79 (95 % CI 1.709-1.865) (data not shown).
Table 5 highlights the ideal preoperative INR values
based on the least amount of postoperative major bleeding
and least mortality for patients undergoing surgery. Based on
major bleeding, the ideal preoperative INR for all patients
was found to 1.1. The area under the curve was found to be
0.611, which is significant. Amongst different surgical sub-
specialties, the ideal preoperative INR based on major
bleeding ranged between 1.01 for cardiac surgery, and 1.11
for general surgery. Based on mortality, the ideal preopera-
tive INR for all patients was found to be 1.13. The area under
the curve was found to be 0.76, which is also significant.
Amongst different surgical subspecialties, the ideal preop-
erative INR based on mortality ranged between 1.04 for
ENT, and 1.14 for cardiac surgery (Table 5). The ROC curve

to determine the ideal preoperative INR according to post-
operative major bleeding is presented in Fig. 1.

Discussion

In this study, we assessed the association between preop-
erative INR and postoperative major bleeding, and mor-
tality. This was done by analyzing data from the ACS
NSQIP database. We found that preoperative INR was
significantly and independently associated with postoper-
ative major bleeding and mortality. Furthermore, we
determined which surgical specialties in particular carried a
higher rate of postoperative mortality if the preoperative
INR was high. Finally, we attempted to identify the ideal
preoperative INR that led to the least amount of postop-
erative major bleeding (1.1) and the least mortality (1.13)
in the 636,231 patients analyzed for this study.

The most prominent finding from our analysis of a large
multicenter database was that having a high preoperative
INR is independently and significantly associated with an
increased risk of postoperative major bleeding. This finding
was noted in a large cohort of patients irrespective of age,
sex, and several other clinically relevant confounders. This
finding is contrary to the finding of a review conducted by
Segal et al. [11] who reported that an abnormal INR did not
predict bleeding in patients undergoing invasive proce-
dures. However, this review was done on 25 studies out of
which only 5 studies looked at preoperative INR, totaling
659 patients. Those studies also had mixed quality of
evidence and wide confidence intervals for the event rates
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Table 2 Preoperative medical histories

All INR <1 INR 1-1.49 INR 1.5-19 INR >2 p value
N =636,231 N =125,034 N =479,155 N=20,156 N =11,886
Cardiovascular variables
Dyspnea at rest or with moderate exertion 13.1 % 11.1 % 13.0 % 233 % 214 % <0.0001
Congestive heart failure in previous 30 days 1.8 % 0.5 % 1.8 % 7.2 % 59 % <0.0001
Angina in previous 30 days 17.6 % 18.1 % 17.5 % 155 % 16.5 % <0.0001
Myocardial Infarction in previous 6 months 17.4 % 17.6 % 173 % 17.0 % 173 % 0.0639
Previous percutaneous coronary intervention  23.0 % 22.2 % 23.1 % 24.0 % 25.0 % <0.0001
Previous cardiac surgery 234 % 21.1 % 234 % 30.4 % 334 % <0.0001
History of peripheral vascular disease 22.0 % 21.0 % 21.8 % 26.9 % 28.5 % <0.0001
Rest pain or gangrene 19.6 % 19.2 % 19.6 % 22.0 % 219 % <0.0001
Respiratory variables
Current pneumonia 17.1 % 17.3 % 17.0 % 17.7 % 17.4 % 0.0027
History of severe COPD 7.1 % 6.2 % 7.0 % 119 % 11.8 % <0.0001
Ventilator-dependent in last 48 h 1.7 % 0.3 % 1.5 % 11.7 % 9.3 % <0.0001
Hepatobiliary variables
Ascites in previous 30 days 1.3 % 0.3 % 1.2 % 7.0 % 3.8 % <0.0001
Esophageal varices in previous 6 months 16.4 % 17.1 % 16.3 % 14.7 % 152 % <0.0001
Renal variables
Acute renal failure 1.0 % 0.3 % 0.9 % 4.7 % 4.0 % <0.0001
Presently on dialysis 3.0 % 1.1 % 3.1 % 9.7 % 7.8 % <0.0001
Neurological variables
Impaired sensorium in previous 48 h 173 % 17.4 % 17.2 % 193 % 19.6 % <0.0001
Hemiplegia 17.5 % 18.0 % 17.4 % 15.9 % 172 % <0.0001
Paraplegia 16.8 % 17.5 % 16.8 % 14.5 % 154 % <0.0001
Quadriplegia 16.4 % 17.2 % 16.3 % 14.0 % 15.0 % <0.0001
Coma lasting >48 h 16.3 % 17.1 % 16.2 % 14.3 % 15.5 % <0.0001
History of transient ischemic attacks 19.7 % 20.1 % 19.6 % 18.9 % 20.8 % <0.0001
History of CVA with neurological deficit 193 % 19.2 % 19.2 % 19.7 % 212 % <0.0001
History of CVA without neurological deficit  18.8 % 18.9 % 18.7 % 18.6 % 20.1 % 0.0006
Tumor involving CNS 16.6 % 17.5 % 16.5 % 13.8 % 14.9 % <0.0001
Hemato-oncological variables
Bleeding disorder 9.7 % 4.6 % 8.8 % 40.0 % 47.5 % <0.0001
Weight loss >10 % in previous 6 months 3.1 % 1.7 % 34 % 5.1 % 2.7 % <0.0001
Disseminated cancer 32 % 2.5 % 34 % 4.3 % 2.6 % <0.0001
Chemotherapy in previous 30 days 17.6 % 18.3 % 17.5 % 159 % 16.3 % <0.0001
Radiotherapy in previous 90 days 17.2 % 17.9 % 17.1 % 14.5 % 154 % <0.0001
Other variables
Open wound (with or without infection) 7.1 % 32 % 7.36 % 20.9 % 15.7 % <0.0001
Preoperative laboratory studies
Serum sodium <135 mmol/L 14.0 % 10.0 % 14.3 % 27.5 % 21.6 % <0.0001
Serum sodium >145 mmol/L1 1.2 % 0.8 % 1.1 % 32 % 2.6 % <0.0001
BUN >40 g/d 4.3 % 1.9 % 43 % 15.5 % 14.2 % <0.0001
Serum Creatinine >1.2 mg/dL 17.5 % 11.0 % 17.8 % 40.0 % 393 % <0.0001
Mean serum albumin, g/dL. (Mean, SD) 3.7 (0.75) 4.0 (0.5) 3.7 (0.8) 3.0 (0.9) 3.3 (0.9) <0.0001
Total bilirubin >1.0 mg/dL 142 % 7.7 % 14.8 % 325 % 25.1 % <0.0001
ALT >40 U/L 14.4 % 10.3 % 14.6 % 28.4 % 21.7 % <0.0001
Alkaline phosphatase >125 U/L 13.8 % 9.6 % 142 % 25.0 % 19.3 % <0.0001
WBC count >11,000 cells per microL. 16.5 % 11.1 % 16.8 % 36.2 % 29.6 % <0.0001
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Table 2 continued

All INR <1 INR 1-1.49 INR 1.5-1.9 INR >2 p value
N = 636,231 N =125,034 N =479,155 N = 20,156 N = 11,886
Platelet count <150,000 cells per microL 9.5 % 4.7 % 10.0 % 24.8 % 18.6 % <0.0001

Data presented as % unless otherwise indicated

COPD chronic obstructive pulmonary disease, CVA cerebrovascular accident, CNS central nervous system, BUN blood urea nitrogen, ALT

alanine aminotransferase, WBC white blood cell

and risk differences. The majority of the studies they used
were case series with many patients having undergone the
procedure of interest without a comparison group [11].
Another review by Solbeck et al. [12], found that the INR
was not a good measure to monitor the reversal of orally
anticoagulated patients. However, that review identified
only 10 studies involving merely 339 patients with each
study involving less than 30 patients each. Therefore, our
current finding of an independent association between high
INR and postoperative major bleeding among a dataset of
636,231 patients is more statistically reliable. Our finding
is also more clinically sound as compared to findings from
previous studies. The INR measures the extrinsic pathway
of coagulation that relies on vitamin K dependent factors.
When half the coagulation cascade is non-functional, for
example because of taking warfarin, it is expected to have
an increased rate in postoperative bleeding.

Our second finding was that high preoperative INR was
significantly and independently associated with increased
30-day mortality. We showed that mortality is directly
associated with increased major bleeding. Mortality was
assessed separately for the different surgical subspecialties
to determine which surgeries did have a high INR leading
to a higher postoperative mortality. This is important
because an important factor that is taken into consideration
before taking a patient off of oral anticoagulation is the
bleeding risk of the operation [9]. Uninterrupted antico-
agulation with warfarin has been shown to be safe with a
low risk of bleeding such as hand, cataract, dental, and skin
surgery [19]. However, operations with an intermediate or
high risk of bleeding require stopping warfarin 4-5 days
before surgery. These operations include neurosurgical
operations, complex ophthalmic operations, complex car-
diac complications, abdominal operations, genitourinary
operations, extensive oral surgery, thoracotomy and joint
replacement [9]. However, the bleeding risk of the opera-
tion is not the only parameter of the surgery to look at, it is
also important to take into consideration the mortality of
hemorrhaging after certain surgeries. For example, hem-
orrhaging after a brain surgery will have much more dev-
astating effects than bleeding from a dental surgery, as
even small postoperative hemorrhages in the brain may be
fatal [20]. Among the surgical subspecialties analyzed

those where having a high INR was associated with
increased mortality included general surgery, gynecology,
neurosurgery, orthopedic surgery, thoracic surgery, urol-
ogy, vascular surgery, and cardiac surgery. Surgical sub-
specialties that had a less definite correlation between
having an increased INR and mortality included ENT and
plastic surgery. Therefore, a tight control of the preopera-
tive INR might not be as important in patients undertaking
ENT and plastic surgery as compared with other surgical
subspecialties.

Furthermore, although it is generally accepted that most
surgeries can be done with an INR of 1.5 [9], no studies
have validated this value or documented an ideal INR or a
threshold at which surgery becomes unsafe [10]. Based on
our data we attempted to identify the preoperative INR
value at which surgery became unsafe according to risk of
postoperative major bleeding and postoperative mortality.
The best cut-off point for major bleeding was an INR of
1.10 and the best cut-off point for mortality was an INR of
1.13. Both these values are very close to each other but
differ greatly from the current clinical practice of accepting
a preoperative INR of 1.5 [9]. This finding can have
important implications for future guidelines on the man-
agement of orally anticoagulated patients using the INR, as
this is the first study to try and calculate an ideal preop-
erative INR. This finding needs to be validated
prospectively.

Our study had some limitations. As this is a retrospec-
tive study based on the ACS NSQIP database, we were
unable to identify which patients that underwent surgery
were anticoagulated. The ACS NSQIP does not collect
such information. Therefore, we were unable to know
which patients had a high INR because of taking warfarin,
or other medications (such as heparin), or because of
medical conditions such as liver disease or coagulation
factor deficiencies. Nevertheless, the main point of this
study was to determine whether the INR, in itself, is able to
predict postoperative bleeding and mortality. Therefore, we
were still able to reach the conclusion that having a high
preoperative INR leads to a higher risk of postoperative
major bleeding and mortality despite the fact that we did
not know which patients were taking oral anticoagulants. In
addition, the statistical analysis resulting in the ORs for
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Table 3 Association between INR and major bleeding

INR <1 INR 1-1.49 INR INR >2 OR* (2 vs. 1) OR* 3 vs. 1) OR* (4 vs. 1)
N = 125,034 N = 479,155 1.5-1.9 N = 11,886
(%) (%) N = 20,156 (%)
(%)
Major bleeding 5.1 7.8 16.6 14.0 1.22 (1.18-1.25) 1.48 (1.40-1.56) 1.49 (1.39-1.60)
Age (years)
<50 2.2 3.6 16.5 15.7 1.26 (1.16-1.37) 1.92 (1.65-2.23) 1.89 (1.53-2.33)
50-65 4.6 7.3 17.2 14.2 1.26 (1.19-1.33) 1.60 (1.45-1.77) 1.62 (1.42-1.85)
65-80 7.3 9.9 17.4 13.4 1.18 (1.12-1.24) 1.46 (1.34-1.59) 1.40 (1.25-1.55)
>80 10.6 12.2 14.5 14.0 1.11 (1.03-1.20) 1.21 (0.99-1.27) 1.29 (1.11-1.49)
BMI (kg/m?)
<30 5.9 8.5 16.9 14.5 1.20 (1.16-1.25) 1.43 (1.34-1.53) 1.47 (1.35-1.60)
>30 39 6.7 16.0 13.2 1.24 (1.18-1.31) 1.56 (1.42-1.71) 1.53 (1.37-1.72)
Steroid use for chronic 7.6 11.7 21.3 17.6 1.24 (1.10-1.41) 1.66 (1.37-2.01) 1.43 (1.12-1.82)
condition
Surgical subspecialty
General 2.7 53 16.0 13.9 1.32 (1.25-1.39) 1.73 (1.60-1.88) 1.89 (1.71-2.09)
Gynecology 43 7.5 19.0 9.7 1.52 (1.27-1.81) 1.69 (0.90-3.19) 1.36 (0.65-2.85)
Neurosurgery 4.6 6.1 18.0 11.8 1.09 (0.95-1.26) 1.85 (1.13-3.04) 1.57 (0.86-2.85)
Orthopedic 12.5 14.3 20.3 18.2 1.13 (1.07-1.20) 1.10 (0.93-1.30) 1.27 (1.04-1.55)
ENT 32 3.7 4.3 6.2 0.91 (091-0.91)  0.72 (0.70-0.74) 1.22 (1.20-1.24)
Plastic 2.6 4.9 13.7 7.7 1.27 (0.85-1.89) 1.67 (0.81-3.44) 2.42 (0.95-6.15)
Thoracic 4.7 7.5 17.8 14.4 1.19 (0.92-1.53) 1.34 (0.83-2.16) 1.52 (0.73-3.16)
Urology 5.5 6.3 11.0 4.6 1.12 (0.96-1.30) 1.66 (1.08-2.56) 1.02 (0.59-1.76)
Vascular 6.8 10.6 16.2 14.2 1.28 (1.20-1.37) 1.40 (1.26-1.56) 1.29 (1.14-1.46)
Cardiac 344 33.6 41.2 333 0.87 (0.77-0.99) 1.01 (0.74-1.38) 0.80 (0.51-1.26)
Perioperative transfusion 44.0 46.3 53.3 54.0 1.09 (0.90-1.31) 1.24 (1.00-1.54) 1.18 (0.92-1.52)
Acute renal failure 9.8 19.7 27.3 28.7 1.45 (0.99-2.13) 1.46 (0.97-2.21) 1.66 (1.06-2.58)
Presently on dialysis 7.5 12.6 21.8 20.5 1.22 (0.97-1.53) 1.41 (1.09-1.83) 1.31 (0.98-1.76)
Serum creatinine 4.6 6.8 13.7 10.2 1.2 (1.18-1.26) 1.50 (1.40-1.61) 1.41 (1.29-1.55)
>1.2 mg/dL
Chemotherapy in 11.0 14.8 28.1 23.9 1.15 (1.09-1.21) 1.38 (1.24-1.53) 1.35 (1.18-1.54)
previous 30 days
Radiotherapy in previous 10.9 14.7 29.0 24.3 1.17 (1.11-1.23) 1.44 (1.29-1.61) 1.40 (1.22-1.60)
90 days
Bleeding disorder 9.6 13.5 17.1 16.3 1.13 (1.02-1.24) 1.24 (1.10-1.40) 1.31 (1.16-1.49)
Platelet count <150,000 4.8 7.2 14.3 11.7 1.2 (1.19-1.27) 1.51 (1.42-1.61) 1.46 (1.35-1.57)

cells per microL

* Adjusted for potential confounders as indicated in the statistical analysis section

major bleeding and for mortality included an adjustment
for ASA scale, age, and co-morbidities associated with
diseases requiring anticoagulation or resulting in prolonged
INR. These adjustments indirectly take into consideration
atrial fibrillation, liver disease, and warfarin use. The ACS
NSQIP database does not collect data on antiplatelet
agents, such as clopidogrel and aspirin. However, by
adjusting for cardiovascular variables (such as angina in
the past 30 days, previous percutaneous coronary inter-
vention, history of myocardial infarction, history of cardiac
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surgery, and history of peripheral vascular disease) and
neurological variables (history of CVA and history of
TIA), the statistical analysis also indirectly takes into
consideration the use of antiplatelet agents. Yet another
limitation might have been the absence of information
about potential confounding variables, which might have
explained some of the inconsistencies in the results.
Furthermore, the definition of major bleeding in the
ACS NSQIP necessitates the postoperative transfusion of
more than 4 units of packed red blood cells within 72 h of
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Table 4 Association between INR and mortality in different surgical specialties

INR <1 INR1-1.49 INR 1.5-1.9 INR >2 OR* (2 vs. 1) OR® (3 vs. 1) OR? (4 vs. 1)
N =125,034 N =479,155 N =120,156 N = 11,886
(%) (%) (%) (%)
Mortality 0.8 2.6 13.5 12.4 1.51 (1.41-1.62) 231 (2.12-2.52) 2.81 (2.56-3.10)
Surgical subspecialty
General 0.7 2.7 15.9 16.5 1.52 (1.38-1.67) 242 (2.16-2.72) 3.23 (2.84-3.67)
Gynecology 0.2 0.5 4.1 35 1.24 (0.52-2.95) 2.16 (0.45-10.33)  9.84 (1.84-52.56)
Neurosurgery 0.9 24 13.0 10.3 1.52 (1.11-2.07) 1.68 (0.86-3.27) 1.79 (0.81-4.00)
Orthopedic 0.4 1.3 5.6 24 1.70 (1.28-2.26) 2.02 (1.35-3.03) 1.56 (0.89-2.73)
ENT 0.1 0.7 2.1 0.9 2.71 (0.77-9.56) 1.85 (0.22-15.92)  1.05 (0.04-26.96)
Plastic 0.1 1.0 7.9 39 3.06 (0.40-23.71)  5.83 (0.62-54.61) 5.61 (0.48-65.09)
Thoracic 1.8 4.1 14.2 9.3 1.30 (0.89-1.90) 1.86 (1.06-3.28) 1.35 (0.55-3.36)
Urology 0.4 0.8 4.5 1.4 1.20 (0.73-1.99) 2.51 (1.13-5.58) 0.98 (0.31-3.09)
Vascular 14 3.6 10.9 10.0 1.35 (1.18-1.55) 1.94 (1.64-2.30) 2.12 (1.76-2.56)
Cardiac 1.4 33 16.3 12.6 1.56 (0.96-2.53) 4.36 (2.33-8.15) 3.74 (1.62-8.64)

? Adjusted for potential confounders as indicated in the statistical analysis section

Table 5 Area under the curve and best cut off point for INR stratified by the different surgical specialties

Major bleeding

Mortality

Area under the curve

Best cut-off point

Area under the curve Best cut-off point

Among all patients 0.611 1.10
General 0.668 1.11
Gynecology 0.634 1.01
Neurosurgery 0.587 1.03
Orthopedic 0.546 1.01
ENT 0.586 1.10
Plastic 0.658 1.10
Thoracic 0.654 1.10
Urology 0.555 1.01
Vascular 0.598 1.10
Cardiac 0.540 1.01

0.760 1.13
0.776 1.13
0.765 1.05
0.708 1.10
0.732 1.10
0.723 1.04
0.862 1.10
0.684 1.10
0.661 1.10
0.710 1.11
0.686 1.14

the procedure. It is worth noting that this definition of
major bleeding is quite severe and misses milder bleeding
events that are still major, such as intracerebral hemor-
rhages or fatal hemorrhages necessitating 4 units of packed
red blood cells or fewer.

Finally, the ACS NSQIP database does not collect data
on the type of postoperative stroke if they occur (whether
hemorrhagic or ischemic). Therefore, a correlation of
increased stroke occurrence could not be related to a lower
or higher INR. Future prospective research should account
for postoperative stroke occurrence with an identification
of the type of stroke. The rates of postoperative stroke were
0.27 % for INR <1, 0.45 % for INR 1-1.49, 0.91 % for
INR 1.5-1.9, and 0.72 % for INR >2. As compared with
patients with a preoperative INR <1, the rate of

postoperative stroke in patients with an INR 1.5-1.9 or >2
was not statistically significantly different (p = 0.21,
p = 0.49 respectively). This further strengthens our con-
clusion that mortality was in higher INR groups was related
to major hemorrhage rather than the increase in the rate of
occurrence of stroke. The only statistically significant dif-
ference in postoperative stroke occurrence was between the
group with INR 1-1.49 and the comparator group with INR
<1 (p = 0.01). However, as there is no trend of increasing
postoperative stroke rates with higher INR groups, the
trends in increasing mortality cannot be attributed to
CVAs.

While we do not know how long before the surgery INR
had been measured, from a clinical standpoint, elevated
INR for patients on anticoagulation are usually repeated
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Fig. 1 ROC curve for the different cut off points for INR in terms of
risk of major bleeding

very close to the procedure to document that INR is not
>1.5 before the start of a procedure. As for patients who
are not on anticoagulation, we assume that INR does not
vary much even if it was taken one or more days before the
surgery.

In the absence of randomized clinical trials addressing
the association between INR and adverse events among
patients undergoing major surgeries [11], one is left with
well-designed observational trials to answer this question.
The current study has several strengths, which include
applying clear inclusion and exclusion criteria, studying a
large sample size, and using a validated database with high
quality data retrieval and assessment tools.

Before this study, routine coagulation tests, particularly
the preoperative INR was never validated for the prediction
of hemorrhagic tendency post-surgery [21]. Our results
demonstrate that the INR is a good measure to determine
the bleeding risk of the patient. Therefore, we recommend
that the INR continue to be used to determine when it is
safe for orally anticoagulated patients to undergo surgery.
Novel whole blood viscoelastical assays such as thrombe-
lastography or rotational thrombelastometry analyze the
viscoelastic properties of clot formation in whole blood,
which includes the patient’s ability to generate thrombin.
These may give a better idea of the entire hemostatic
process as compared to INR which is a plasma-based assay
[22]. As such, the use of both viscoelastic assays as well as
coagulation assays (INR) may become routine in the future
management of orally anticoagulated patients undergoing
surgery. Nevertheless, this paper provides proof that the
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current method of using the INR to determine the readiness
of patients to undergo surgery (from a bleeding point of
view) is justified. Our results present the surgeon with ideal
cut-offs for increased risk of major bleeding and mortality.
Surgeons can choose to use these cut-offs and correlate
them with other clinical factors to assess the safety of a
surgical intervention and facilitate the estimation of its risk:
benefit ratio. Furthermore, an estimate of the ideal preop-
erative INR for surgical patients has been identified, which
can have implications on future guidelines on managing
orally anticoagulated patients undergoing surgery. Ideally,
these findings should be prospectively validated with
prospective cohort studies designed based on the afore-
mentioned findings.
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