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Abstract

Background—Because of uncertainty regarding the reliability of perioperative blood pressures
and traditional notions downplaying the role of anesthesiologists in longitudinal patient care, there
is no consensus for anesthesiologists to recommend postoperative primary care blood pressure
follow-up for patients presenting for surgery with an elevated blood pressure. The decision of
whom to refer should ideally be based on a predictive model that balances performance with ease-
of-use. If an acceptable decision-rule were developed, a new practice paradigm integrating the
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surgical encounter into broader public health efforts could be tested, with the goal of reducing
long-term morbidity from hypertension among surgical patients.

Methods—Using national data from United States veterans receiving surgical care, we
determined the prevalence of poorly controlled outpatient clinic blood pressures = 140/90mmHg,
based on the mean of up to four readings in the year after surgery. Four increasingly complex
logistic regression models were assessed to predict this outcome. The first included the mean of
two preoperative blood pressure readings; other models progressively added a broad array of
demographic and clinical data. After internal validation, the C-statistics and the Net
Reclassification Index between the simplest and most complex models were assessed. The
performance characteristics of several simple blood pressure referral thresholds were then
calculated.

Results—Among 215,621 patients, poorly controlled outpatient clinic blood pressure was
present postoperatively in 25.7% (95%CI 25.5%-25.9%) including 14.2% (95%CI 13.9%-14.6%)
of patients lacking a prior hypertension history. The most complex prediction model demonstrated
statistically significant, but clinically marginal, improvement in discrimination over a model based
on preoperative blood pressure alone (C-statistic 0.736 (95% CI1 0.734-0.739) vs 0.721 (95% ClI
0.718-0.723); p for difference <0.0001). The Net Reclassification Index was 0.088 (95%ClI
0.082-0.093), p < 0.0001. A preoperative blood pressure threshold = 150/95mmHg, calculated as
the mean of two readings, identified patients more likely than not to demonstrate outpatient clinic
blood pressures in the hypertensive range. Four of five patients not meeting this criterion were
indeed found to be normotensive during outpatient clinic follow-up (Positive Predictive Value
51.5%, 95% CI 51.0-52.0; Negative Predictive Value 79.6%, 95% CI 79.4-79.7).

Conclusions—In a national cohort of surgical patients, poorly controlled postoperative clinic
blood pressure was present in more than 1 of 4 patients (95%CI 25.5%-25.9%). Predictive
modeling based on the mean of two preoperative blood pressure measurements performed nearly
as well as more complicated models and may provide acceptable predictive performance to guide
postoperative referral decisions. Future studies of the feasibility and efficacy of such referrals are
needed to assess possible beneficial effects on long-term cardiovascular morbidity.

Introduction

Uncontrolled blood pressure confers an increased risk of cardiovascular mortality in both
men and women and across a broad range of ages and ethnicities.2 The longitudinal use of
medications to lower blood pressure reduces the risk of cardiovascular morbidity’-2 and is
associated with a reduction in the lifetime risk of incident cardiovascular disease.1% Despite
such well-established evidence for the long-term benefits of lowering blood pressure, 22%
of United States adults are unaware of having elevated blood pressure and 32% of those
prescribed blood pressure lowering medication are not taking them as prescribed.1t Among
patients with uncontrolled blood pressure in the United States, 89.4% report that they have a
usual source of health care.12 Thus, factors other than access to care must in part contribute
to the problem of chronically elevated blood pressure.

The American Heart Association has advocated that the perioperative period provides an
important opportunity to screen for poorly controlled blood pressure and/or undiagnosed
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hypertension.13 Yet, while widely accepted guidelines are available to primary care
providers for the identification and management of elevated blood pressure,14:15 no such
guidelines are available to inform anesthesia providers regarding blood pressure thresholds
that should trigger postoperative referral of surgical patients for primary care blood pressure
management. Numerous factors may acutely affect blood pressure preoperatively,16 leading
to doubt among anesthesiologists about which patients are truly in need of referral. Among
the factors that are commonly invoked against the diagnostic value of preoperative blood
pressures for determining the need for referral are 1) perioperative dehydration from fasting
or bowel regimens,1” 2) psychological stress,18-19 and 3) short-term preoperative medication
changes or medication non-adherence.20-23 These sources of uncertainty, as well as doubts
about the proper role of anesthesiologists in longitudinal outpatient care, may cause
anesthesiologists to miss a valuable opportunity to promote better postoperative blood
pressure management, and thereby improve public health. In our prior work, we used
records from a single institution to identify blood pressure thresholds that achieved 95%
specificity for the outcome of postoperative elevated blood pressure in patients presenting
for surgery from home, but these findings were limited by the use of a single center, the
exclusion of hospital inpatients, and the reliance on a single postoperative blood pressure
reading to determine the outcome of elevated clinic blood pressure.1® Moreover, although
we and other investigators!820.23 have studied changes in blood pressure between surgical
and other medical settings, none, to our knowledge, has specifically attempted to compare
increasingly complex perioperative prediction models with the goal to balance model
complexity and ease-of-use in identifying patients with elevated postoperative clinic blood
pressures.

Accordingly, the purpose of the present study was to contribute to the evidentiary
foundations for anesthesiologist-led blood pressure referral by, a) describing the prevalence
of poorly controlled clinic blood pressure among a large national cohort of surgical patients
and, b) evaluating and comparing increasingly complex models that use perioperative blood
pressure along with a broad array of other clinical and demographic data to identify surgical
patients who are likely to have elevated clinic blood pressures in the year after surgery. To
the extent that such a model can demonstrate a balance of adequate predictive performance
and clinical usability, it may be a useful tool to help providers decide which patients ought
to be referred to a primary care provider for postsurgical blood pressure management.24 In
pursuit of these aims, we analyzed electronic health record (EHR) data of veterans who
received surgical care from the Department of Veterans Affairs (VHA), the largest single
healthcare system in the United States, with over 8.3 million enrollees as of 2010.25

With IRB approval including a waiver of the requirement for informed consent, we created
an EHR-based historical cohort of patients age > 21 years who received surgical care at any
VHA healthcare facility between Sept 1, 2006 and Aug 31, 2011, inclusively. The VHA
Corporate Data Warehouse national surgeries extract was used for cohort identification.
Patients were identified by their unique Patient Integration Control Number (PatientICN)
assigned by the VHA Master Veteran Index. For PatientlCNs associated with more than one
surgical encounter during the study period, one encounter per patient was selected at
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random. In accordance with Anesthesia & Analgesia's policy on disclosing multiple
publications derived from a single database, the above cohort is being used within several
research projects examining the relationships between perioperative care and longitudinal
medical follow-up.

Data used for model formation and validation

For each encounter recorded in the EHR, detailed information was extracted, including
demographics (age, gender, self-identified race and ethnicity), the type of surgery, American
Society of Anesthesiologists Physical Status score (ASA score), and presurgical vital signs
(blood pressures, height, and weight). For blood pressure data, healthcare encounter-level
information from the period 30 days prior to, through 365 days after the index surgical
procedure (including clinic type, systolic and diastolic blood pressure values, and date and
time) were extracted from the EHR. Ambulatory clinic blood pressure readings included in
the postoperative queries were based on clinic stop codes queried from the VHA National
Patient Care Database Medical SAS Outpatient Datasets, as has been described elsewhere,28
including visits to the following non-surgical outpatient clinics: primary care clinic,
cardiology clinic, pulmonology clinic, endocrinology clinic, diabetes clinic, hypertension
clinic, women's clinic, infectious disease clinic, and geriatric primary care clinic. These
outpatient clinics were based on the NEXUS clinic group, as defined by the VHA External
Peer Review Program, a group that tracks which veterans are receiving primary care across
the VHA system. In addition to the NEXUS clinic group, we added infectious disease clinics
due to their frequent role as the primary care source for veterans with HIV. Blood pressure
readings considered to be clinical outliers (SBP >240mmHg or <70mmHg, DBP
>140mmHg or <30mmHg) were filtered during data acquisition and excluded from
consideration. Structured fields that contained more than one valid blood pressure
measurement with the same time-stamp of data entry were averaged. The height and weight
most proximate to the beginning of surgery were extracted and converted into body mass
index (BMI) calculated as the weight in kilograms divided by the square of the height in
meters. EHR entries of extreme heights and weights considered to be clinical outliers (i.e.
heights < 58 inches or > 80 inches and weights < 80 pounds or > 499 pounds) were assumed
to be invalid, and such data were excluded from models incorporating BMI (99.02% of
height measurements and 99.46% of weight measurements extracted from the EHR were
within these boundaries).

Preoperative comorbidity was determined from ICD9-CM codes dating from the year 2000
to the index surgery date. Veterans Aging Cohort Study comorbidity groupings were used.2’
To increase the validity of ICD-9 diagnostic codes, at least two outpatient codes or one
inpatient code for each comorbid grouping was required in order to qualify as positive, as
previously described.28:29 The comorbid conditions used in predictive modeling were:
alcoholism, anemia, anxiety disorder, atrial fibrillation, bipolar disorder, cerebrovascular
disease, congestive heart failure, coronary artery disease, diabetes, hyperlipidemia,
hypertension, human immunodeficiency virus (HIV), liver disease, lung disease, depression,
peripheral vascular disease, posttraumatic stress disorder (PTSD), psychosis, renal disease,
and substance abuse. In addition to specific disease coding, we calculated the Charlson
Comorbidity Index3? for each individual, using preoperative inpatient data beginning from
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the year 2000 through the index surgery date. Descriptive summaries of these variables are
listed in Table 1.

Preoperative VHA pharmacy prescription records for cardiovascular medications were
extracted for the 90 days before the date of surgery. Medications were classified into
relevant national VHA drug class codes, as has been previously described,3! and those used
in the present analysis are listed in Table 1.

The validity of information contained within the VHA EHR is an important consideration
for the present study.32 Regarding blood pressures contained in structured fields within the
VHA EHR, it has been shown that they compare favorably to manually extracted clinical
data, with measures of agreement for blood pressure falling in the “excellent” range
(kappa=0.94, 95% sensitivity, and >99% specificity) for poorly controlled blood pressure.33

Outcome specification and data analysis

Blood pressure values were collected from the EHR for: 1) the proximate ambulatory clinic
visit during the 30 days before surgery, 2) the first blood pressure recorded on the day of
surgery, before the beginning of surgery, and 3) the blood pressure recorded during the four
most proximate ambulatory care clinic appointments in the 12 months after surgery. The
inherent variability of individual blood pressure measurements has been well established in
the literature.3* Thus, for the present analyses, patients were excluded from the predictive
models if they did not have blood pressures recorded as above from two timepoints before
the beginning of surgery. Similarly, the postsurgical blood pressure was defined where
possible as the mean SBP and DBP from four ambulatory clinic appointments in the 12-
months following surgery. For patients who did not attend at least four postoperative clinic
visits as described, the mean postoperative clinic blood pressure was calculated from as
many visits as occurred.

Data were analyzed to determine the prevalence of poorly controlled outpatient clinic blood
pressure among the national cohort, which was defined in this study according to JINC-7
guidelines!# as a mean postoperative ambulatory clinic blood pressure = 140mmHg SBP,
and/or 90 mmHg DBP.2

In addition to examining the prevalence of poorly controlled outpatient clinic blood pressure
after surgery, four increasingly complex prediction models were developed using
multivariable logistic regression to predict this outcome and were compared for their
performance in guiding perioperative clinicians to make appropriate outpatient primary care
referrals. The discriminative power of each model was calculated using the C-statistic, and
each model was graphically represented in an ROC curve. Model 1 included only the mean
of the two preoperative SBP and DBP readings; Model 2 added day of surgery
demographics, surgical service (classified in Table 1 according to the subspecialty of the
proceduralist as inferred from the procedure description), and ASA score; Model 3
additionally added preoperative cardiovascular prescriptions by VHA drug classes; Model 4

aAlthough JNC-8 guidelines have since argued for a higher systolic blood pressure goal among patients over 60 years of age,15 they
were published after the institution of the present protocol and have not been endorsed by the American Heart Association or the
National Heart Lung and Blood Institute.
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additionally added ICD9-CM-based comorbidity groupings and the Charlson Comorbidity
Index.30 The assumption of linearity of the logit with mean preoperative SBP and DBP was
visually checked in Model 1, and we determined that transformations of these variables
would be unnecessary.

The possible optimism of the models was assessed via a resampling bootstrap technique to
internally validate the prediction models and derive a true estimate of predictive accuracy.3®
Comparative model performance, clinical utility, and ease-of-use were then considered in
accordance with the general principles used in the development of other widely used clinical
risk assessment models.36 The increased predictive value of the most complex model
compared to the simplest model was also assessed with the use of the Net Reclassification
Index (NRI) statistic,37:38 with the 95% confidence interval calculated in accordance with
the method of Pencina, et al.3° For simple blood pressure thresholds, point estimates and
95% confidence intervals for sensitivity, specificity, positive and negative predictive value
were computed by the exact test of the proportion.#? All statistical analyses were conducted
using SAS version 9.4 (Cary, NC).

Power and Sample Size Considerations

Results

A priori power analysis assumed that approximately 130 VHA hospitals would provide
surgical services during the period of study,*! with total surgical volume exceeding 60,000
cases per year. Thus over 5 years, approximately 300,000 surgical cases were assumed to be
available, from which we estimated that 210,000 would provide valid data to inform
analyses. For comparison of the crude and more saturated models, assuming a C-statistic of
0.70 in the crude model, and using a two-sided z-statistic at a significance level of 0.05, we
demonstrated that the sample would have >99% power to detect an increase of 0.01 in the c-
statistic of the more saturated models. This also provided sufficient data to maintain at least
10 events per predictor variable in the multivariable logistic regression models.*2

A total of 385,790 unique patients were identified for potential inclusion in analyses. Of
these, 215,621 had available blood pressure data from all time points in the relevant
structured fields and comprised the cohort for predictive modeling. (Consort diagram;
Figure 1). The mean (£SD) age of the cohort was 63.6 years (£11.7 years); 94.8% were
male; 18.2% self-identified as Black or African-American. A descriptive summary of the
entire cohort is provided in Table 1.

The mean preoperative SBP/DBP was 133.4mmHg (£16.5)/76.3mmHg (£10.3). The mean
postoperative clinic ambulatory SBP/DBP was 130.0 mmHg (x15.3)/74.7 mmHg (£10.1).
The bias between preoperative and postoperative ambulatory clinic SBP measurements was
+3.4 mmHg (95% limits of agreement +32.4) greater in the preoperative period and for DBP
was +1.6 mmHg (95% limits of agreement £19.4) greater in the preoperative period (Figures
2 and 3).
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Prevalence of poorly controlled outpatient clinic blood pressure

The outcome of mean ambulatory clinic blood pressure = 140/90mmHg in the year
following surgery was observed in 55,348 patients for an overall prevalence of 25.7% (95%
Cl 25.5%-25.9%). Among patients without a preoperative diagnosis of hypertension or
hypertension treatment the prevalence in the year after surgery was 14.2% (95% ClI
13.9%-14.6%), compared to 28.3% (95% CI 28.0%-28.5%) among patients with a known
preoperative hypertension history or hypertension treatment.

Predictive modeling

Discriminative power as measured by the C-statistic demonstrated incremental increases
across the four described prediction models as follows: Model 1: 0.721 (95% ClI
0.718-0.723), Model 2: 0.724 (95% CI 0.722-0.727), Model 3: 0.729 (95% CI 0.727-0.732),
and Model 4: 0.736 (95% CI 0.734-0.739). P-value for difference between each model was
<.0001. ROC curves of the four models demonstrating the marginal improvement in
discriminative power are displayed in Figure 4.

Internally validated C-statistics were calculated for Model 1 and Model 4 using resampling
with replacement for 1000 iterations to assess for possible optimism of the original models.
Using this method, the discriminative power for both models 1 and 4 fell within the original
95% confidence intervals of the full dataset: Model 1 C-statistic: 0.719 (95% ClI
0.718-0.720) and Model 4 c-statistic: 0.736 (95% CI 0.735 — 0.737). These results provide
evidence that overfitting of the original models was not present, as would be expected, given
the large N in relation to the numbers of predictors.

Clinical relevance of model improvement and the Net Reclassification Improvement

Prior investigators have demonstrated that changes in the C-statistic may poorly represent
the extent to which a new model will improve care decisions.3943 Therefore, to assess the
clinical relevance of prediction improvement between the simplest and most complex
model, we examined the NRI statistic.37-39 For the NRI analysis, we used risk category
thresholds for postoperative ambulatory clinic hypertension of 0.1, 0.2, and 0.5. Comparing
models 1 and 4, the overall NRI was 0.088 (95%CI 0.082-0.093). Given that blood pressure
referral is a dichotomous intervention (i.e. a patient is either referred or not) and that
unnecessary referrals for patients without elevated blood pressure would cause additional
inconvenience and expense, we then examined how well the models performed within the
reclassification tables in defining the group of patients who were more likely than not to
have poorly controlled postoperative ambulatory clinic blood pressures. That is, among the
group of patients that the models identified as having a 50% or greater likelihood of elevated
postoperative clinic blood pressures, we examined how the most and least parsimonious
models compared within the NRI analysis above as follows (Table 2):

Of the patients with a true positive outcome of elevated postoperative clinic blood pressure,
5.34% were assigned a risk less than 50% in model 1 and were reclassified to the highest
risk category (=50%) in the most complex model, but 2.46% of true positive patients who
had been assigned the highest risk in model 1 were reclassified to a lower risk in the more
complex model. For patients with a true negative outcome (i.e. non-elevated clinic blood
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pressure in the 12-months postoperatively), the more complex model correctly reclassified
1.05% to a lower risk category who had been deemed high risk in the simple model but also
incorrectly reclassified 1.49% of the true negative patients into the high risk category who
had been more accurately assigned a lower risk category in the simple model. In sum, if 100
hypertensive and 100 normotensive patients were put into model 4 versus model 1 and
referred for follow-up based on a predicted 50% or higher likelihood of post-operative
hypertension, it is estimated that an additional 2.88 of the 100 patients who were truly
positive for postoperative elevated blood pressure in the 12 months after surgery would have
been correctly referred, but this would have come at the cost of an additional 0.44 of the 100
patients without an elevated blood pressure being referred. The absolute net improvement in
correct referral decisions of this hypothetical cohort using model 4 instead of model 1 would
have been an improvement of 2.44 of 200, or 1.2% of referral decisions.

Actionable thresholds based on blood pressures alone

Given our desire to develop an easy-to-use clinical prediction tool and the apparently
marginal improvement of the most complex model as compared to a simple model using
preoperative blood pressure to guide referral decisions, we next sought to measure the
sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
of several easy-to-remember referral thresholds based on mean preoperative SBP and DBP
of 140/90mmHg, 150/95mmHg, and 160/200mmHg (Table 3). A mean preoperative blood
pressure referral threshold of = 150/95mmHg demonstrated 33.7% sensitivity (95% Cl
33.3-34.1), 89.1% specificity (95% CI 88.9-89.2), 51.5% PPV (95% CI 51.0-52.0), and
79.6% NPV (95% CI 79.4-79.7). This threshold would have resulted in a decision rule
leading to 16.8% (95% CI 16.6-16.9) of the cohort being referred. Such a decision rule
would have achieved the results of 1) referring a group of patients who were more likely
than not to in fact demonstrate poorly controlled outpatient clinic blood pressure, and 2) not
referring a group in which four of five were indeed normotensive during follow-up
appointments.

Discussion

In a large national cohort of surgical patients treated in VHA hospitals, poorly controlled
outpatient clinic blood pressure in the year after surgery occurred in 25.7% of all patients,
including 14.2% of patients with no known preoperative history of hypertension or
antihypertensive treatment. Regarding the tradeoff between model performance and ease-
ofuse in identifying which patients are likely to demonstrate elevated postoperative clinic
blood pressures, our predictive modeling demonstrated marginal, and likely clinically trivial,
improvements in predictive modeling when broad ranges of clinical and administrative data
were added to a model that used preoperative blood pressures alone. A simple decision-rule
using a blood pressure referral threshold =150/95mmHg from two preoperative readings was
able to identify a subset of between 16.6-16.9% of the national cohort who, as a group, were
more likely than not to demonstrate elevated outpatient clinic blood pressures (PPV lower
95% confidence limit: 51.0%) in the year following surgery. Importantly, almost four of five
patients not meeting this screening criterion indeed demonstrated normal ambulatory clinic
blood pressures (NPV lower 95% confidence limit: 79.4%). These findings are consistent
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with the notions that 1) even in the preoperative context, blood pressure does in fact perform
reasonably well to predict blood pressure, and 2) despite adding large amounts of clinical
and administrative data, models to predict elevated postoperative clinic blood pressures
demonstrate only marginal improvement in guiding referral decisions with the disadvantage
of creating a much less user-friendly decision-support tool.

Despite a health care landscape that advocates for incentivizing prevention science?* and
associated campaigns such as the Millions Hearts Initiative,*® the surgical literature has,
until recently, remained largely focused on outcomes directly attributable to the surgical
encounter, thereby unintentionally separating the perioperative health care experience from
broader national efforts to improve public health through the provision of high quality
preventive medical care. Our finding that more than one in four patients demonstrated
elevated ambulatory clinic blood pressures in the year after surgery provides evidence to
support the notion that the public health opportunity for anesthesiologists to reduce long-
term morbidity by assuring timely follow-up care for poorly controlled blood pressure is
significant.

Our work adds to the growing body of literature defining the emerging concept of the
Perioperative Surgical Home. This concept has motivated several groups of researchers to
examine ways in which care coordination around the time of surgery may enable safer and
more efficient care of patients in need of surgical interventions.#6-49 Our findings also
reinforce research from other investigators who have found that consistently elevated blood
pressures, even within a high-stress healthcare environment such as the emergency
department, are likely to reflect true blood pressure elevation, rather than merely a transient
effect of being in a stressful environment.>0 Prospective studies of counseling and referral
efforts to improve the long-term preventive medical care of surgical populations are clearly
warranted.

Several limitations of the present study deserve to be noted. First, it is not known to what
extent the performance of a blood pressure referral threshold developed among United
States veterans would generalize to other settings.>1:52 United States veterans demonstrate a
bimodal distribution in age, following historical variations in the numbers of active-duty
United States military personnel. They are also more likely to be male and are more likely
than the general United States population to carry a diagnosis of substance-use disorders,
posttraumatic stress disorder, and other psychiatric comorbidities. However, even in the
unlikely event that our findings were entirely limited to United States veterans, our data
would still apply to a growing population of several million people who together comprise
the patient population of the largest single healthcare system in the United States. In addition
to its large patient population, the VHA also provides the advantage of being one of the few
healthcare systems that is national in scope and that follows patients longitudinally across
inpatient and outpatient settings within a single, integrated EHR. Second, our models may
perform differently in populations who lack timely postoperative follow-up, as the present
observational study was perforce limited to patients who did have follow-up blood pressures
available for analysis. Also, while blood pressures from structured fields in the VHA EHR
compare quite well to manually extracted blood pressures,32 the variability in cuff sizes,
patient positioning, and provider technique were unavoidable in this retrospective study. As
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would be expected, our analysis identified significant bidirectional variability in the
relationship between preoperative and ambulatory clinic blood pressure measurements
which, though similar to what has been previously reported,18 may be reduced in future
prospective studies using standardized blood pressure collection methods. Among such
methods, home blood pressure monitoring and ambulatory blood pressure monitoring®3
performed outside of the medical clinic are increasingly used as part of primary care
treatment decisions regarding hypertension, and are likely to be useful adjuncts in the
present population as well. In addition, other clinical and administrative data in the VHA
EHR are also prone to varying levels of inaccuracy, and the associated misclassification of
comorbidities and other clinical and administrative data is a factor that has been shown to
introduce bias into results from large-scale EHR data research.32 Finally, it is not known
what type of blood pressure counseling or referral intervention would find acceptance from
physicians and patients already encumbered with arguably more acute concerns of the
perioperative period. This final limitation is an additional vital avenue of inquiry to be
pursued in further prospective clinical trials.

Despite these limitations, our findings provide evidence that by identifying patients with
elevated blood pressure in the perioperative period, the surgical care episode may be
harnessed toward promoting long-term preventive medicine efforts. Similar work has
already been pursued among anesthesiologists to promote long-term risk-factor reduction in
the case of smoking cessation.>*-58 Specifically, regarding elevated blood pressure, several
multidisciplinary cooperative efforts among nurses, pharmacists and other physician
specialists, including surgeons, have demonstrated the potential feasibility of this idea for
addressing the urgent and persistent public health need of improving the longitudinal control
of elevated outpatient blood pressure.59-62

In summary, we found that among surgical patients, poorly controlled postoperative
ambulatory clinic blood pressure is common and may present an opportunity for
anesthesiologists to improve public health through care coordination efforts focused on
improving follow-up care for undertreated blood pressure elevation. Among Veterans
presenting for surgery, the use of a simple approach to referral for blood pressure control
based on a mean preoperative blood pressure = 150/95mmHg provides a level of predictive
performance that may find acceptance among clinicians and patients. Care coordination
efforts by anesthesiologists, if they should succeed in improving blood pressure control in
surgical patients, would be highly likely to markedly reduce long-term morbidity and
mortality for this population.
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Flow Diagram of Patient Selection and Analysis.

A total of 385,790 unique patients
Age >21 years received a surgical
procedure during the study time

period.

318,229 subjects had blood pressure data
available within 30 days preoperatively.

l

67,561 subjects were excluded due to lack of a
preoperative ambulatory blood pressure
measurement in the relevant structured field
within 30 days preoperatively.

Of the 318,229 remaining subjects, 248,507
had blood pressure data available in the
relevant structured fields on the day of

surgery prior to start of surgery.

69,722 subjects were excluded due to lack
of a day-of-surgery blood pressure prior to
incision in the relevant structured blood
pressure field.

l

Of the 248, 507 remaining subjects, 215,621
had blood pressure data available from at
least one non-surgical ambulatory clinic visit in
the year following surgery.

32,866 subjects were excluded due to lack
of a non-surgical ambulatory clinic blood
pressure measurement in the year following
surgery.

l

A total of 215,621 subjects had complete
blood pressure data available from all time
points and were included in analyses.

Figure 1.

Flow diagram of patient selection and analysis.
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Bland-Altman plot of Preoperative versus Ambulatory Clinic Systolic Blood Pressures
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Figure 2.

Bland-Altman Plot of Preoperative versus Ambulatory Clinic Systolic Blood Pressure

including mean bias and crude 95% limits of agreement.
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Bland-Altman plot of Preoperative versus Ambulatory Clinic Diastolic Blood Pressures
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Figure 3.

Bland-Altman Plot of Preoperative versus Ambulatory Clinic Diastolic Blood Pressure

including mean bias and crude 95% limits of agreement.
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Figure4.

ROC Curves and Corresponding C-Statistics with 95% confidence intervals of Four
Increasingly Complex Logistic Regression Models Using Preoperative Data to Predict
Postoperative Ambulatory Clinic Blood Pressure Elevation (=140/90mmHg).
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Patient Characteristics (N = 215621)

Table 1

Variable N (%) or Mean (SD)
Age (years) 63.6 (11.7)
Gender

Male

204481 (94.8)

Body-Mass | ndex (kg/m2)

Unknown (Missing) 1(<0.1)
Unknown (Outside Valid Range) 92 (<0.1)
BMI kg/m2 29.1 (6.3)
Hispanic Ethnicity
Unknown 109522 (50.8)
Yes 7927 (3.7)
No 98172 (45.5)
Race
Unknown 7381 (4.4)
White 125566 (75.2)
Black or African-American 30288 (18.2)
Asian or Pacific Islander 2040 (1.2)
American Indian/Alaskan Native 1596 (1.0)
Blood Pressure (mmHg)
Preoperative and Day of Surgery Mean Systolic 133.4 (16.5)
Preoperative and Day of Surgery Mean Diastolic 76.3 (10.3)
Postoperative Clinic Mean Systolic 130.0(15.3)
Postoper ative Clinic Mean Diastolic 74.7(10.1)
ASA Physical Status Score
Missing 17234 (8.0)
1 1633 (0.8)
2 37577 (17.4)
3 131630 (61.0)
4 27492 (12.8)
5 55 (<0.1)
Surgical Service
Cardiac Surgery 13665 (6.3)
Ear, Nose, and Throat 9645 (4.5)
General Surgery 51268 (23.8)
Gynecology 2065 (1.0)
Neurosurgery / Spine 13266 (6.1)
Ophthalmology 7524 (3.5)
Oral Surgery 1167 (0.5)
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Variable N (%) or Mean (SD)
Orthopedics 39452 (18.3)
Plastic Surgery 4151 (1.9)
Podiatry 4869 (2.3)
Thoracic Surgery 9996 (4.6)
Urology 28049 (13.0)
Vascular Surgery 24142 (11.2)
Other 6362 (2.9)
Comorbidities (by | CD9-CM)
Alcoholism 42282 (19.6)
Anemia 58320 (27.1)
Anxiety disor der 31350 (14.5)
Atrial Fibrillation 25722 (11.9)
Bipolar Disorder 13981 (6.5)
Cerebrovascular Disease 17675 (8.2)
Congestive Heart Failure 26906 (12.5)
Coronary Artery Disease 77213 (35.8)
Diabetes 77510 (35.9)
Hyperlipidemia 146762 (68.1)
Hypertension 168085(77.9)
Human Immunodeficiency Virus 1889 (0.9)
Liver Disease 19478 (9.0)
Pulmonary Disease 76350 (35.4)
Depression 74161(34.4)
Peripheral Vascular Disease 46072(21.4)
Post-Traumatic Stress Disorder 33555(15.6)
Psychosis 24537 (11.4)
Renal Disease 44823 (20.8)
Substance Abuse 22034(10.2)
Charlson Comorbitidy I ndex 1.9 (2.3)
Cardiovascular Medications (by VA Drug Class Code)
Digoxin 2451 (1.14)
Beta Blocker 46046 (21.36)
Alpha Blocker 21043 (9.76)
Calcium Channel Blocker 24095 (11.17)
Antianginal 14224 (6.6)
Antiarrythmic 1496 (0.69)
Antilipemic 52132 (24.18)
Thiazide type diuretic 16976 (7.87)
L oop diuretic 14542 (6.74)
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Variable N (%) or Mean (SD)

Potassium sparing/Combination diuretic 4628(2.15)
Carbonic anhydraseinhibitor 310 (0.14)
Other Diuretic 29 (0.01)

ACE Inhibitor 35618 (16.52)
Angiotensin Receptor Blocker 6232(2.89)

Direct Renin Inhibitor 5 (0)

Antihypertensive combination 4777 (2.22)
Other Antihypertensive 5425 (2.52)
Other Cardiovascular Medication 1536 (0.71)
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Table 2

Page 22

Reclassification Improvement from Model 12 to Model 4° in Predicting Patients More Likely Than Not to

Have High Blood Pressure

Risk Classification of Patients With True Normal Clinic Blood Pressure

Model 1 Predicted

Model 4 Predicted High Blood Pressure

High Blood Pressure <50% >50%
93.94% "
<50% (True Negative Both (Mo d‘:l'jgé)) i)
Models)
3.52%
>50% (False Positive Both
Models)

Risk Classification Among Patients With True Elevated Clinic Blood Pressure

Model 1 Predicted

Model 4 Predicted High Blood Pressure

High Blood Pressure <50% >50%
76.53%
<50% (False Negative Both
Models)
15.67%
0,
>50% i djl.?({(c)) ) (True Positive Both
Models)
Table 2 Legend:

*Model 1 includes only mean preoperative blood pressure.
®Model 4 adds demographics, comorbidities, and medication data.

Green Models are Both Correct
Red Models are Both Incorrect
Yellow Model 1 Better
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