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Abstract

Background—American College of Cardiology/American Heart Association guidelines describe
the perioperative evaluation as “a unique opportunity to identify patients with hypertension,”
however factors such as anticipatory stress or medication noncompliance may induce a bias
toward higher blood pressure, leaving clinicians unsure about how to interpret preoperative
hypertension. Information describing the relationship between preoperative intake blood pressure
and primary care measurements could help anesthesiologists make primary care referrals for
improved blood pressure control in an evidence-based fashion. We hypothesized that the
preoperative examination provides a useful basis for initiating primary care blood pressure
referral.

Methods—We analyzed retrospective data on 2807 patients who arrived from home for surgery
and who were subsequently evaluated within 6 months after surgery in the primary care center of
the same institution. After descriptive analysis, we conducted multiple linear regression analysis to
identify day-of-surgery (DOS) factors associated with subsequent primary care blood pressure. We
calculated the sensitivity, specificity, and positive and negative predictive value of different blood
pressure referral thresholds using both a single-measurement and a two-stage screen incorporating
recent preoperative and DOS measurements for identifying patients with subsequently elevated
primary care blood pressure.

Results—DOS systolic blood pressure (SBP) was higher than subsequent primary care SBP by a
mean bias of 5.5mmHg (95% limits of agreement +43.8 to —32.8). DOS diastolic blood pressure
(DBP) was higher than subsequent primary care DBP by a mean bias of 1.5mmHg (95% limits of
agreement +13.0 to —10.0). Linear regression of DOS factors explained 19% of the variability in
primary care SBP and 29% of the variability in DBP. Accounting for the observed bias, a two-
stage SBP referral screen requiring preoperative clinic SBP>140mmHg and DOS SBP>146mmHg
had 95.9% estimated specificity (95% CI 94.4 to 97.0) for identifying subsequent primary care
SBP>140mmHg and estimated sensitivity of 26.8% (95% CI 22.0 to 32.0). A similarly high
specificity using a single DOS SBP required a threshold SBP>160mmHg, for which estimated
specificity was 95.2% (95% CI 94.2 to 96.1). For DBP, a presenting DOS DBP>92mmHg had
95.7% specificity (95% CI 94.8 to 96.4) for subsequent primary care DBP=90mmHg with a
sensitivity of 18.8% (95% CI 14.4 to 24.0).

Conclusion—A small bias toward higher DOS blood pressures relative to subsequent primary
care measurements was observed. DOS factors predicted only a small proportion of the observed
variation. Accounting for the observed bias, a two-stage SBP threshold and a single-reading DBP
threshold were highly specific though insensitive for identifying subsequent primary care blood
pressure elevation.

Introduction

While it is widely assumed that because of anticipatory stress, or other factors such as
medication noncompliance, preoperative day-of-surgery (DOS) blood pressure readings are
elevated relative to the primary care setting, studies specifically comparing preoperative and
subsequent primary care vital signs are lacking in the medical literature. This lack of
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published data persists despite strong evidence from the primary care literature that
identification and better management of patients who have chronically elevated blood
pressure carries a significant public health benefit in terms of reduced morbidity and
mortality.2 Consistent with the recognized importance of appropriate blood pressure control,
American College of Cardiology/American Heart Association guidelines have suggested
that the perioperative examination is “a unique opportunity to identify patients with
hypertension and initiate appropriate therapy.1”

Data characterizing the utility of preoperative blood pressure measurements for identifying
subsequent primary care blood pressure elevation would therefore not only be of importance
for public health, but also would provide an evidence base for current American College of
Cardiology/American Heart Association recommendations. Literature on preoperative
hypertension in anesthesiology has often focused either on perioperative risk modeling or on
the issue of whether to cancel cases for severely elevated blood pressure.3 Although such
questions are of great importance for the specialty, anesthesiologists regularly care for large
numbers of mildly to moderately hypertensive patients in the perioperative period with little
evidence to guide referral decisions.

The aims of the present study were thus to: 1) describe the relationship between initial DOS
systolic and diastolic blood pressure (SBP and DBP) and subsequent primary care blood
pressure, including identification of the mean bias and 95% limits of agreement, 2) identify
independent DOS predictors of postoperative primary care blood pressure, and 3) assess the
sensitivity, specificity, and positive and negative predictive value of a screen based on the
initial DOS blood pressure measurement as well as a combined screen using both the DOS
measurement and a recent presurgical evaluation for making referral decisions.

Formation of the database

Study investigators sought and received approval for creation of the Veterans
Administration Perioperative Outcomes Research (VAPOR) database from the IRB of the
Veterans Affairs (VA) Connecticut - West Haven Campus and the Human Investigations
Committee at the Yale University School of Medicine. Both approvals included a waiver of
the requirement of informed consent.

Patients were identified for inclusion in the VAPOR database if 1) their electronic medical
record from the Veterans Health Information Systems and Technology Architecture
(VISTA) database contained an Anesthesia Intraoperative Note from the period of June
2006 — December 2009, and 2) their vital signs (noninvasive blood pressure and heart rate)
from the same day were obtained in the Ambulatory Procedures Unit (APU), the point of
intake and evaluation for surgical patients arriving from home. This selection process
excluded individuals who were inpatients before their surgery. For those patients who had
more than one anesthetic, only their most recent encounter was brought into the dataset.
These procedures identified 4159 unique anesthesia patients arriving from home for surgery.

For the entire cohort, vital signs assessments in the 6 months after surgery, marked by clinic
location of measurement, were queried to identify assessments performed in the primary
care center. Of these, the most proximate SBP, DBP, and heart rate for each patient from
after the date of surgery were then included in the dataset. Primary care center vital signs
within 183 days (6 months) following the date of surgery were found for 2812 patients,
representing 68% of the ambulatory surgical cohort. The VISTA database was again queried
to obtain vital sign measurements recorded at a preoperative evaluation within 30-days
preceding the DOS.
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Although the method of vital sign measurement was not dictated by this retrospective study,
the general practice of the primary care center, the preoperative clinics, and the APU was for
a nurse or nurse-assistant to measure blood pressure using an automated, noninvasive blood

pressure cuff placed over the brachial artery with the patient in a sitting position.

Demographics including date of birth, gender, marital status, and self-identified race were
included in the database. Due to the small numbers of self-identified race other than African-
American or Caucasian, race was converted into a single dichotomous variable of black/not-
black. Marital status was recoded as married or not married. The most proximate height and
weight to the DOS were included in the dataset and converted to body mass index (BMI) as
weight in kilograms divided by the square of the height in meters.

The cohort was classified by surgery type into a dichotomized variable of cardiothoracic/
vascular surgery and all others on the basis of the APU intake classification. International
Classification of Disease - 9 clinical modification (ICD-9 CM) diagnostic codes were used
to classify comorbidities for each patient up to and including the DOS. Using the Veterans
Aging Cohort Study (VACS)*-6 groupings, a history of the following comorbidities that
were a priori suspected to affect the relationship between DOS and primary care vital signs
were included in the dataset: alcoholism, anxiety disorder, atrial fibrillation, bipolar
disorder, coronary artery disease, cerebrovascular disease (including stroke and transient
ischemic attack), cocaine abuse, congestive heart failure, major depression, diabetes, drug
abuse, hypertension, kidney disease, peripheral vascular disease, posttraumatic stress
disorder, psychosis, schizoaffective disorder, and schizophrenia. The complete list of ICD-9
CM codes used to compile the above comorbidity classifications is available at the VACS
website.” In order to avoid a multiplicity of overlapping comorbid variables, some of the
above VACS comorbidity groupings were consolidated into the following system-based
variables: 1) Thought disorders were combined into a single psychotic disorder variable, 2)
Drug and alcohol abuse were combined into a single substance abuse variable.

Cohort VA pharmacy records for the six months preceding the DOS were queried to identify
the presence or absence of a filled prescription for different classes of antihypertensive
medication using VA drug class codes. The codes selected for analysis comprised the
following drug classes: angiotensin converting enzyme-inhibitor, angiotensin 11 receptor
blocker (ARB), antianginal, beta blocker, calcium channel blocker, loop diuretic, thiazide-
type diuretic, and combination antihypertensive (pills containing multiple active drugs). Due
to the small proportion of study patients taking ARBs, we consolidated angiotensin
converting enzymeinhibitors and ARBs into a single variable.

Other variables that were brought into the database for consideration included the hour of
day that the DOS blood pressure evaluation occurred as well as the number of days between
the DOS evaluation and subsequent primary care evaluation.

Data Analyses

After creation of the VAPOR database, we performed an overall descriptive analysis
comparing subjects who were subsequently evaluated in primary care with those who were
not. Outliers from the primary care group in whom a blood pressure value exceeded the
investigator-defined valid physiologic range (SBP>230mmHg, SBP<80mmHg,
DBP>120mmHg, or DBP<30mmHg) were checked against the electronic medical record to
consider exclusion from the dataset as possible clerical errors on the part of the entering
clinician. Similar procedures were followed for outliers in heart rate (<30 beats/min or >180
beats/min) and BMI (<10 or >80). Subjects with an aberrant heart rate or BMI entry, with
otherwise appropriate vital signs, were retained in the primary analysis of blood pressure
changes. All descriptive data are presented as mean (SD) for normally distributed
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continuous variables, median (interquartile range) for nonnormally distributed continuous
data, or number (percent) for categorical data as appropriate.

The following four sets of analyses were then conducted:

1.

To ascertain the overall relationship between blood pressure measurements, DOS
and subsequent primary care measurements were displayed on simple scatter plots.
The Pearson’s correlation coefficient and a regression line with 95% confidence
bands were calculated. The mean bias and 95% limits of agreement were also
calculated and shown via Bland-Altman plots.

Multiple linear regression modeling was conducted to identify DOS factors that
were independently associated with subsequent primary care SBP and DBP and to
offer an overall estimate of the variation in subsequent primary care blood pressure
that could be accounted for by the DOS factors contained in the database. One
linear regression model was created using primary care SBP as the dependent
variable, and a second model was created using primary care DBP as the dependent
variable. For both models, DOS variables with suspected clinical relevance to
subsequent primary care blood pressure were selected and considered for entry into
the multiple linear regression models by first performing univariate linear
regression analysis of the possible association of each independent variable with
primary care SBP or DBP, respectively. In addition, we considered entering a term
to test the interaction between atrial fibrillation and DOS heart rate, reasoning that
increased heart rate among patients with a history of paroxysmal atrial fibrillation
was more likely to be indicative of reversion to atrial fibrillation and an associated
decrease in cardiac output and blood pressure. Only the subset of variables with
p=<0.2 was retained for entry in the multiple linear regression models. Collinearity
diagnostics were performed to assure adequate independence of these variables for
multiple regression analysis. Final results are reported as  (95% CI) and p-value of
the partial-F statistic for each independent variable with p<0.05 considered the
threshold of statistical significance.

Because the decision to refer for blood pressure evaluation is fundamentally a
dichotomous clinical decision point, we separated the postoperative primary care
blood pressure values into “elevated” and “not elevated” categories based on a
cutoff of 140mmHg or more for SBP and 90mmHg or more for DBP. This cutoff
was based on criteria published in the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure (JNC 7).8 We then calculated the sensitivity, specificity, and positive and
negative predictive value of two different DOS blood pressure thresholds for
identifying patients with subsequently elevated primary care blood pressures. The
first DOS threshold chosen was 140/90mmHg, in line with JNC 7 criteria. The
second threshold chosen was 146/92mmHg. This threshold was selected after
performance of the Bland-Altman analyses and was meant to incorporate the DOS
bias seen in our data. All sensitivity and specificity calculations are reported as
percent (95% CI).

Because of the excessive variability observed in any single blood pressure
measurement, the JINC 7 suggests that decisions regarding the diagnosis and
treatment of hypertension be based on at least two blood pressure measurements.
To account for this recommendation, and keeping within the limitations of data
available in our local VISTA database, we investigated the utility of a two-stage
screen for identifying patients with elevated postoperative primary care blood
pressure by analyzing a subset of patients who had blood pressure data available
from a recent (within 30-days) preoperative evaluation. For this two-stage screen,
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we required that patients demonstrate elevated blood pressure at both time points.
Sensitivity, specificity and positive and negative predictive value were calculated
using 140/90mmHg thresholds for both the preoperative and DOS measurements
and then using 140/90mmHg at the preoperative visit with 146/92mmHg as the
DOS thresholds.

The overall descriptive analysis comparing subjects who were subsequently evaluated in
primary care (N=2812) with those who were not (N=1347) demonstrated that patients with
follow-up in the primary care center tended to be older (mean of 66 vs. 61 years; p<0.001)
and to have more comorbid illness than those without follow-up (p<0.001 for difference in
prevalence of each comorbid condition with the exception of kidney disease which was not
significantly different).

Of the 2812 subjects available for the analysis, the procedure for identifying outliers
demonstrated 5 (0.18%) subjects who were felt to have erroneous blood pressure entries and
were thus excluded, leaving 2807 subjects with valid blood pressures evaluated at the
primary care center within 6 months after surgery, 1312 (47%) of whom had blood pressure
measured at a preoperative evaluation within 30 days before surgery. Other outliers retained
in the blood pressure analysis but removed from the relevant univariate linear regression
models included 7 (0.25%) subjects with an aberrant heart rate entry and 12 (0.43%)
subjects with an aberrant BMI entry. Data on marital status were unavailable for 3 (0.11%)
subjects. A single self-identified race was unavailable for 238 (8.5%) subjects. A summary
flow diagram of the database formation is illustrated in Figure 1, and a summary of
descriptive variables for the 2807 subjects analyzed is shown in Table 1.

The 2807 included subjects, demonstrated a mean (SD) DOS SBP of 135.2mmHg (18.3) and
DBP of 75.2mmHg (10.4). The 1347 patients lost to follow-up demonstrated a mean (SD)
DOS SBP of 134.3mmHg (17.3) and DBP of 76.3mmHg (10.1).

For the 2807 included subjects, scatter plots illustrated a highly significant linear
relationship between the initial DOS blood pressure and subsequent primary care
measurement with a large amount of variation present along the range of values (scatter
plots available as Supplementary Figures 1 and 2 in supplemental digital content).
Quantitatively, the Pearson’s correlation coefficient for SBP was 0.41 (95% CI1 0.37 to
0.44), and for DBP it was 0.48 (95% CI 0.45 to 0.51). Bland-Altman plots of the difference
between paired values (bias) plotted against their mean demonstrated a mean bias of
+5.5mmHg for DOS SBP above primary care SBP with 95% limits of agreement of +43.7
mmHg to —32.8mmHg (Figure 2). For DBP, DOS measurement demonstrated a mean bias
of +1.5mmHg above primary care DBP with 95% limits of agreement of +13.0 mmHg to
—10.0 mmHg (Figure 3).

Univariate linear regression results of DOS variables available in the dataset are shown in
Table 2. For primary care SBP as the dependent variable, 25 DOS factors demonstrated
univariate linear associations surpassing the p<0.2 threshold. High collinearity was observed
between atrial fibrillation and the heart rate x atrial fibrillation interaction term. After
determining that the interaction term was insignificant in an alternative model, it was
dropped from the final model, leaving the remaining 24 variables to be included in the
multiple linear regression. The final SBP model demonstrated six variables with a
statistically significant association with primary care SBP at the p<0.05 level (Table 3). For
primary care DBP as the dependent variable, 29 DOS parameters met the p<0.2 threshold
(Table 2). As with the SBP model, the heart rate x atrial fibrillation interaction term was
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again dropped from the final primary care DBP model because of both its collinearity with
atrial fibrillation and its insignificance when included in an alternative model. The final
DBP model demonstrated nine variables that retained significant associations with primary
care DBP at the p<0.05 level (Table 4). The overall R? for the SBP model was 0.19 and for
the DBP model was 0.29, leaving a large percentage of the variation in both subsequent SBP
and DBP unexplained by the DOS variables in our models.

The regression results demonstrated that a prior diagnosis of congestive heart failure or
coronary artery disease was independently associated with a lower primary care SBP when
controlling for other DOS variables. The prior diagnosis of hypertension, thiazide diuretics,
and increasing BMI were independently associated with higher primary care blood pressure
when controlling for other DOS variables.

For analysis of the sensitivity, specificity, and positive and negative predictive value for
different referral thresholds, 753 of 2807 patients seen postoperatively in primary care were
classified as having elevated primary care SBP (SBP > 140mmHg), and 276 were classified
as having elevated primary care DBP (DBP = 90mmHg). Table 5 reports the results using
both the simple screen (based on a single DOS blood pressure reading) as well as a two-
stage screen (based on a combined evaluation of preoperative and DOS measurements). A
two-stage screen using a preoperative SBP > 140mmHg combined with a DOS SBP >
146mmHg would have resulted in a blood pressure referral rate of just under 10% of the
cohort with an estimated sensitivity of 26.8% (95% CI 22.0 to 32.0) and an estimated
specificity of 95.9% (95% CI1 94.4 to 97.0). The estimated positive and negative predictive
values of this two-stage screen were 67.7% (95% CI 58.9 to 75.7) and 80.2% (95% CI1 77.8
to 82.4), respectively.

For DBP screening, a single DOS referral threshold DBP=92mmHg would have led to a
5.8% referral rate with an estimated sensitivity of 18.8% (95% CI 14.4 to 24.0), an estimated
specificity of 95.7% (95% CI1 94.8 to 96.4), and estimated positive and negative predictive
value of 32.1% (95% CI 25.0 to 39.9) and 91.5% (95% CI 90.4 to 92.6), respectively.
Incorporation of a two-stage screen using preoperative DBP>=90mmHg and a DOS
DBP>92mmHg decreased estimated sensitivity to 8.5% (95% CI 4.1 to 15.0) with an
estimated specificity of 99.2% (95% CI 98.6 to 99.7) and an increase in estimated positive
and negative predictive value to 52.6% (95% CI 28.9 to 75.6) and 91.6% (95% CI 90.0 to
93.1), respectively.

After analysis of the above thresholds was performed, we conducted a post hoc analysis to
identify what DOS SBP threshold would have been necessary to approximate a similar
estimated specificity (>95%) to that approached by the more stringent two-stage SBP screen.
Our analysis revealed that if a single DOS threshold were used without reference to other
preoperative clinic measurements, an intake DOS SBP>160mmHg achieved an estimated
sensitivity and specificity of 16.5% (95% CI 13.9 to 19.3) and 95.2% (95% CI 94.2 to 96.1),
with estimated positive and negative predictive values of 55.6% (95% CI 48.8 to 62.2) and
75.7% (95% CI 74.0 to 77.3), respectively.

Conclusions

The present analysis sought to examine the relationship between DOS and primary care
blood pressure and to assess the evidence for anesthesiologist-initiated perioperative blood
pressure referral. The mean bias in DOS SBP of +5.5mmHg may be lower than what is
conventionally assumed, and the mean bias in DBP of +1.5mmHg is clinically trivial,
perhaps even within the error of measurement of many blood pressure cuffs. Beyond these
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mean values, however, there was wide variability in blood pressures that remained
unexplained in the multiple linear regression results.

In the analysis of potential blood pressure referral thresholds, we demonstrate that a single
DOS SBP measurement performs modestly in discriminating patients with elevated primary
care blood pressure in the 6 months after surgery. Consistent with this finding, the
hypertension literature has recognized the need to avoid overdependence on a single reading
to guide diagnosis or treatment of hypertension.® With the implementation of a two-stage
screen, however, we were able to demonstrate a procedure with more useful prognostic
value. While insensitive, screening using a preoperative SBP > 140mmHg combined with a
DOS SBP > 146mmHg (incorporating the observed DOS bias) would have resulted in an
estimated specificity of 95.9% (95% CI 94.4 to 97.0) with a sensitivity of 26.8% (95% CI
22.0 to 32.0). More than two-thirds of patients who met this two-stage threshold were
subsequently found to have elevated SBP at their primary care appointment while four of
five patients not meeting the screening threshold were found not to have elevated primary
care SBP. Because of the low sensitivity of this screen, many patients with elevated primary
care SBP would have been missed by such a referral threshold, but the high estimated
specificity and reasonable estimated positive predictive value offer support to
anesthesiologists who are inclined to make primary care blood pressure referrals based on a
two-stage preoperative blood pressure screen.

In the absence of a recent preoperative measurement and basing referral decisions on a
single presenting DOS SBP measurement, we found that a threshold SBP > 160mmHg
achieved a similar estimated specificity to the two-stage screen. Estimated specificity was
95.2% (95% CI 94.2 to 96.1) but the estimated sensitivity was decreased to 16.5% (95% CI
13.9 to 19.3). Using a single-measurement DOS SBP > 160mmHg screen in our dataset,
more than half of referred patients indeed would have demonstrated elevated primary care
SBP, and more than three of four patients not referred would have demonstrated normal
primary care SBP. While a more reliable test would of course be desirable, the relatively
benign nature of the proposed intervention may lead some clinicians to rely on a single-
measurement threshold where preoperative numbers are not readily available. The decision
to refer a patient to primary care based on such a measurement will no doubt depend on
clinician and patient preferences as well as on the ease and expense of primary care referral
within the particular health care system considered.

For DBP, the single reading and two stage referral thresholds all demonstrated high
estimated specificity (93%-99%) with relatively low estimated sensitivity (25.0%-8.5%)
across the different referral thresholds examined. Because elevated primary care DBP was
relatively uncommon in our cohort, only a two-stage DBP screen incorporating the DOS
bias reached an estimated positive predictive value of more than 50%. While all of our DBP
thresholds were relatively insensitive, the high estimated specificity would offer support to
anesthesiologists who favor primary care blood pressure referral based on elevated
preoperative DBP measurements, particularly in populations with a relatively high
prevalence of diastolic hypertension.

It should be emphasized that our study uses DOS blood pressures taken in the preoperative
admitting area, generally by a nurse or nurse’s assistant. The bias toward higher blood
pressure may be greater inside the operating room or when the blood pressure is taken by a
physician. Given the heterogeneity of surgical procedures and anesthetic techniques, it also
remains to be seen whether similar thresholds can be identified using hemodynamics from
the operating room itself. The screening thresholds used in this study have the advantage of
occurring before the introduction of the confounding factors that are encountered
intraoperatively.
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Several limitations to the present study should be noted. We did not track medication
changes, medication adherence, or intervening visits to primary care doctors that occurred
outside the VA system. It is possible that incorporating more detailed medication
information or information from providers outside the VA system could further enhance the
predictive value of DOS measurements. The lack of significance of the time between
surgery and the follow-up primary care measurement in both multiple regression models
suggests that unobserved doctor’s visits or medication changes were unlikely to have
significantly changed the predictive ability of our DOS measurements.

Although the number of patients in our study was large, interpreting our findings to other
groups of patients should be done cautiously. For example, generalizing our results to
patients with absent or remote primary care relationships, to younger patients, or to female
patients may be premature without studies specifically focused on such populations. Our
retrospective approach to the study population necessitated that the members of the cohort
had primary care data available for analysis. As could be expected, such patients tended to
be older with more comorbidities than patients who lacked primary care data. Further
studies may shed light on how DOS blood pressure measurements perform in populations
with different comorbidity profiles. It is also of interest whether our findings may be
generalized to other countries’ health care systems in which the fragmentation of primary
care may be less pervasive.

In addition, future research is needed to clarify whether anesthesiologist-initiated referral
improves long-term blood pressure control. Literature on smoking cessation has
demonstrated that with a long-standing and modifiable health risk factor like tobacco use,
additional brief interventions by health care providers including during the perioperative
period, may be of benefit.10-14 However, it is possible that patients with difficult-to-control
blood pressures or with poor medication compliance, even if correctly identified, would
receive no benefit from primary care referral. Recent data from the anesthesiology literature
may offer modest encouragement in this regard. In a large retrospective study, Wax et al.
observed that patients who undergo case cancellations due to severe preoperative
hypertension return for future surgery with significantly lower, albeit not normal, blood
pressure.3 Evidence from the hypertension literature has shown that among hypertensive
people, incremental decreases in SBP or DBP correspond to significant reductions in the risk
of coronary heart disease and stroke even in the absence of complete blood pressure
normalization.1® Still, Wax et al. made their observation only in relation to severely
hypertensive patients, and their observation may have been enhanced by a regression-
toward-the-mean phenomenon. Whether significantly lower blood pressures will result from
primary care referral among the much more commonly seen population of patients with mild
to moderate preoperative hypertension remains to be seen in future studies.

Additionally, the potential impact may be greater in patients who lack close primary care
follow-up. In such patients without primary care follow-up, our own data demonstrate the
potentially large public health impact. Revisiting the blood pressure data for the 1347
patients who were not seen within 6 months after surgery in the primary care center, we
found that 92 (6.8%) had DOS SBP>=160mmHg. If referral were shown to be useful only in
patients who lacked close primary care follow-up, the potential impact on public health and
on long-term postoperative outcomes could still be significant.

In conclusion, our data demonstrate a small upward bias with wide variation in DOS intake
blood pressure as compared to subsequent primary care measurements. The initial DOS SBP
measurement, particularly when combined with a recent preoperative measurement, is
insensitive but reasonably specific for predicting primary care hypertension. The initial DOS
DBP measurement, after accounting for the small DOS bias, is also insensitive but
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reasonably specific for subsequently elevated primary care DBP. The summative message of
the sensitivity and specificity data in this study is that while it is difficult to exclude high
primary care blood pressure based on normal preoperative values, there are clinically
plausible perioperative thresholds that when exceeded, provide a reasonable basis for
initiating primary care blood pressure referral. Accordingly, our study provides evidence to
support DOS intake blood pressure screening and thus adds to the growing body of literature
suggesting a potential role of anesthesiologists as perioperative physicians who have the
opportunity to make long-term improvements in patients’ health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Dataforatotal of 4159 patients who presented

from home for surgery were brought into the
VAPOR database.

2812/4159 (68%) had vital signs recorded at the
primary care center within 6-months following
the day-of -surgery of whom 1312 had vital signs

available from a preoperative evaluation within
30-days preceding surgery.

2807 patients were available for analyses
comparing day-of-surgery blood pressure with
pritnary care measurements, and 1312 patients

were available for evaluation of atwo-stage
blood pressure screen.

Figure 1.
Flow Diagram of Patient Selection and Analysis

Page 12

1347 patients who had no blood pressures measured
atthe primary care center at the study site within 6-
months following surgery were not included in the
analysis.

5/2812 patients (0.2%) had an aberrant blood
pressure reading likely dueto clerical error by the
entering clinician and were excluded as outliers.
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Bland-Altman Plot of Bias and 95% Limits of Agreement Between DOS and

Subsequent Primary Care SBP Measurements
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Figure 2.

Bland-Altman plot demonstrating the mean bias (solid line) and 95% limits of agreement
(dotted lines) of systolic blood pressure measurements on the day of surgery compared with
those measured at a subsequent primary care visit. Positive bias represents a higher day of
surgery reading. The 95% limits of agreement represent 1.96 times the standard deviation of
the bias.
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Paired Difference (mmHg)

Bland-Altman Plot of Bias and 95% Limits of Agreement Between DOS and
Subsequent Primary Care DBP Measurements
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Figure 3.

Bland-Altman plot demonstrating the mean bias (solid line) and 95% limits of agreement
(dotted lines) of diastolic blood pressure measurements on the day of surgery compared with
those measured at a subsequent primary care visit. Positive bias represents a higher day of
surgery reading. The 95% limits of agreement represent 1.96 times the standard deviation of
the bias.
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Table 1

Overall Descriptive Characteristics of the Cohort

Variable ValidN [ pean (SD3) or
Number positive
(%)
DEMOGRAPHIC: Age (years) 2807 66.0 (13.7)
Female 2807 134 (4.8%)
African-American 2569 328 (12.8%)
Married 2804 1150 (41.0%)
Body-Mass Index (kg/m?) 2795 29.2(5.8)
DAY OF SURGERY VITALS: Systolic BPY (mmHg) 2807 135.2 (18.3)
Diastolic BPP (mmHg) 2807 752(104)
Heart Rate (beats/min) 2803 71.7 (13.1)
POSTOPERATIVE PRIMARY CARE VITALS: | systolic BPP (mmHg) 2807 129.7 (17.4)
Diastolic BPP (mmHg) 2807 73.8 (12.0)
Heart Rate (beats/min) 2805 75.0 (14.3)
SURGERY TYPE: Cardiothoracic or Vascular Surgery 2807 280 (10.0%)
COMORBID DIAGNOSIS: Anxiety Disorder 2807 556 (19.8%)
Atrial Fibrillation 2807 337 (12.0%)
Cerebrovascular Disease 2807 448 (16.0%)
Coronary Artery Disease 2807 1063 (37.9%)
Congestive Heart Failure 2807 300 (10.7%)
Diabetes 2807 862 (30.7%)
Hypertension 2807 2224 (79.2%)
Kidney Disease 2807 210 (7.5%)
Major Depression 2807 591 (21.1%)
Peripheral Vascular Disease 2807 750 (26.7%)
Posttraumatic Stress Disorder 2807 470 (16.7%)
Psychotic Disorder 2807 502 (17.9%)
Substance Abuse 2807 676 (24.1%)
ANTIHYPERTENSIVE DRUG CLASS: Beta Blocker 2807 826 (29.4%)
Calcium Channel Blocker 2807 477 (17.0%)
Anti-anginal 2807 137 (4.9%)
ACE-Inhibitor/ARBC 2807 752 (26.8%)
Loop Diuretic 2807 232 (8.3%)
Thiazide Diuretic 2807 411 (14.6%)
Combination pill 2807 91 (3.2%)

aSD=Standard Deviation,

k)BP=BIood Pressure,
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c . . . . .
ACE=angiotensin converting enzyme, ARB=angiotensin Il receptor blocker
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Multiple Linear Regression Model of DOS2 Parameters Associated with Primary Care Systolic Blood Pressure

Primary Care sBPb as Dependent Variable (R2=0.19)

Independent Variable Beta | 95% CI of Beta | P-value
Age 0.02 —0.04, 0.08 0.50
Male gender 0.57 —2.43, 3.57 0.71
African-American 0.47 —1.44, 2.37 0.63
Married 0.29 -0.99, 1.56 0.66
BMIC 0.22 0.11,0.33 <0.001
DOS SBP 0.35 0.31,0.39 <0.001
pos pepd 0.01 —0.07, 0.08 0.87
Hour of Day of DOS Measurement 0.21 —0.04, 0.46 0.11
Cardiothoracic or Vascular Surgery | —1.35 -3.45, 0.76 0.21
Anxiety 0.28 —-1.42, 1.97 0.75
Atrial Fibrillation —0.46 —2.50, 1.59 0.66
Congestive Heart Failure -3.74 -5.94, —1.54 0.001
Coronary Artery Disease —1.58 —3.08, —0.07 0.04
Diabetes 1.02 —0.43, 2.47 0.17
Hypertension 3.24 1.42,5.06 <0.001
Major Depression -1.49 -3.29, 0.30 0.10
Post Traumatic Stress Disorder -1.37 —-3.25, 0.50 0.15
Psychotic Disorder -1.16 —2.93, 0.61 0.20
Substance Abuse 1.84 —-0.29, 3.97 0.09
Beta Blocker 0.20 -1.27, 1.66 0.79
Calcium Channel Blocker 1.49 —-0.21, 3.19 0.09
Anti-anginal —-1.74 —4.69, 1.22 0.25
ACE Inhibitor or ARB® —043 | -1.95,1.09 058
Thiazide Diuretic 2.37 0.54,4.21 0.01

aDOS:day of surgery,
bSBP=systoIic blood pressure,
CBMI= body mass index,

dDBP=diastoIic blood pressure,

e . . . . .
ACE=angiotensin converting enzyme, ARB=angiotensin Il receptor blocker.
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Multiple Linear Regression Model of DOS2 Parameters Associated with Primary Care Diastolic Blood

Pressure

Table 4

Primary Care DBPD as Dependent Variable (R2=0.29)

Independent Variable Beta 95% CI of Beta | P-value
Age -0.14 | -0.18, —-0.10 | <0.001
African-American 1.07 —-0.16, 2.30 0.09
Married 0.55 —-0.27, 1.37 0.19
BMIC 0.08 0.01,0.15 0.04
Days to Primary Care Evaluation 0.003 —-0.01, 0.01 0.42
pos sgpd —0.001 —-0.03, 0.03 0.950
DOS DBP 0.45 0.40, 0.50 <0.001
DOS Heart Rate 0.07 0.04,0.10 <0.001
Hour of DOS Measurement 0.10 0.26, 0.96 0.23
Cardiothoracic or Vascular Surgery | —1.32 —2.68, 0.04 0.06
Anxiety 0.66 -0.42, 1.74 0.23
Atrial Fibrillation 0.90 —-0.41, 2.22 0.18
Cerebrovascular Disease -1.85 —2.98, -0.71 0.001
Congestive Heart Failure -1.02 -2.49, 0.45 0.17
Coronary Artery Disease -0.92 —1.90, 0.07 0.07
Diabetes —0.98 —1.93, —0.04 0.04
Hypertension 0.05 -0.75, 0.85 0.90
Kidney Disease -2.15 -3.71, —0.59 0.01
Major Depression -0.55 -1.67, 0.57 0.33
Peripheral Vasular Disease —-0.53 —1.53, 0.46 0.29
Post Traumatic Stress Disorder —0.43 -1.62. 0.77 0.48
Substance Abuse 1.39 0.05,2.74 0.04
Beta Blocker —-0.23 —1.18. 0.72 0.63
Calcium Channel Blocker -0.11 -1.21, 0.98 0.84
Anti-anginal -1.28 -3.18, 0.63 0.19
ACE Inhibitor or ARBE -1.11 | -2.09, -013 | 003
Loop Diuretic —-0.23 -1.82, 1.36 0.78
Thiazide Diuretic 0.78 —0.40, 1.96 0.19

aDOS:day of surgery,
bDBP=diastoIic blood pressure,
CBMI= body mass index,

dSBP=systoIic blood pressure,

e . . . . .
ACE=angiotensin converting enzyme, ARB=angiotensin Il receptor blocker.
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