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Abstract

Purpose: To determine if patients on angiotensin-converting enzyme inhibitors (ACEIs) had more severe hypotension or
required higher doses of vasopressors compared to those who were not on ACEIs under spinal anesthesia for total knee
arthroplasty (TKA).

Methods: A retrospective chart review of 169 patients who underwent TKA with spinal anesthesia between August 2012
and December 2014 was performed. The patients were divided into two groups, i.e. patients on ACEIs (ACEIs group)
and patients not on ACEIs (non-ACElIs group), for comparison. The preoperative characteristics, anesthesia records, and
postoperative outcomes wete reviewed.

Results: The patients in the ACEIs group were more likely to have coexisting hypertension, diabetes mellitus, hyper-
lipidemia, and be on a beta blocker compared to patients in the non-ACEIs group. All of the patients showed decreased
blood pressure immediately post spinal injection. Patients in the ACEIs group had lower systolic blood pressure (SBP) and
diastolic blood pressure (DBP) compared to the non-ACEIs group at 10 minutes post spinal placement (p=0.01 for SBP
and p= 0.005 for DBP). When comparing the two groups there was not a significant difference in severe hypotension or
vasopressor requirements. However, the initial dose of propofol infusion for sedation was significantly lower in the ACEIs
group (p=0.04).

Conclusion: Patients on ACEIs showed lower blood pressure shortly after spinal injection compared to patients not on
ACEIs. However, the difference was small and transient. The requirements of vasopressors were not significantly higher in
patients on ACEIs undergoing spinal anesthesia for TKKA.

Keywords: Angiotensin Converting Enzyme Inhibitors; Hypotension; Hemodynamic Changes; Spinal Anesthesia; Total
Knee Arthroplasty.

Introduction including cardiovascular and renal events. Therefore, many
patients are advised to continue taking their anti-hypertensive
Total knee arthroplasty (TKA) is a surgical procedure performed medicines up until and including the day of surgery.
for severe joint pain and osteoarthritis. There are approximately
700,000 TKAs performed in the United States every year

with those numbers continuing to increase [1]. With the aging

While there are multiple classes of anti-hypertensive agents
available, angiotensin converting enzyme inhibitors (ACElIs) are a

population, the number of patients undergoing TKA who have
significant comorbidities is also increasing. Hypertension is the
most common of these comorbidities with approximately 68% of
TKA patients affected [2, 3, 4, 5]. Controlling hypertension in the
perioperative period is important to prevent serious complications
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class regularly used to treat patients with hypertension, especially
in those with coexisting coronary artery disease, congestive heart
failure, diabetes mellitus or kidney diseases [6]. ACEIs act to
decrease the activity of the renin-angiotensin-aldosterone system
by inhibiting the conversion of angiotensin I to angiotensin II,
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thereby relaxing blood vessels, decreasing blood volume, and
lowering blood pressure.

Regional anesthesia, mainly spinal anesthesia, has become the most
popular anesthesia approach for TIKKA. Spinal anesthesia has been
shown to decrease blood loss and the risk of thromboembolic
events |7, 8]. However, hypotension is common following spinal
anesthesia because of the induced sympathetic block [9, 10]. The
concern remains that the combined hypotensive effects of spinal
anesthesia and ACEIs may provoke significant hemodynamic
instability resulting in adverse outcomes. The long-term clinical
consequences of continuing versus withholding preoperative
ACEIs ate unknown [11, 12, 13, 14]. Data from the literature
investigating the effect of ACEIs on surgical patients under
spinal anesthesia is limited. Currently, no consensus exists among
anesthesiologists regarding whether one should continue ACEIs
prior to TKA [4, 13, 15, 16].

The aim of this retrospective study was to compare the
hemodynamic effects observed in patients on ACEls to those
who were not on ACEIs in the setting of spinal anesthesia for
TKA. Our focus was expanded to investigate if patients receiving
ACEIs required higher doses of vasopressors compated to
those who were not on ACEIs. Moreover, we were interested in
identifying the differences in 30 day and 90 day readmission with
regard to cardiac or pulmonary events between these two groups.

Materials and Methods
Data collection

After obtaining Institutional Review Board approval of the
University of Nebraska Medical Center, a retrospective chart
review of all patients who underwent TKA between June 2012
and December 2014 was conducted. Of the 257 patients who
had TKA during this time period, 88 patients received general
anesthesia while 169 patients received spinal anesthesia. Patients
who received general anesthesia or whose spinal anesthesia
was not effective and converted to general anesthesia for the
procedure were excluded. Only those 169 patients who received
spinal anesthesia as their primary anesthetic technique for
cither a primary or revision of TKA were included in the final
data analysis. According to the patient’s medication list at the
time of surgery, the patients were divided into two groups for
comparison, i.e. patients on ACEIs (ACEls group) and patients
not on ACEls (non-ACEls group). The following data were
collected with the RED Cap (Research Electronic Data Capture)
tools: demographic characteristics, preoperative comorbidities,
medication lists at the time of the procedure, anesthesia records
during the time of surgery, post anesthesia care unit (PACU)
records, postoperative reports until discharged from the
hospital, and incidence of readmission within 30 and 90 days
for adverse events including acute myocardial infarction, stroke,
renal insufficiency, or pulmonary events. Systolic blood pressure
(SBP), diastolic blood pressure (DBP), heart rate (HR) prior to
spinal injection, measurements taken every 5 minutes for up to
30 minutes post spinal placement, and upon PACU arrival were
the focus of our comparison between the ACEI and non-ACEI
groups. The doses of propofol, phenylephrine, and ephedrine
corresponding to these time periods were also compared.

https://scidoc.org/IJAR.php

Statistical analysis

Descriptive statistics (counts and percentages, means, standard
deviations) were used to summarize the data. Fisher’s exact
test was used to compare categorical data between the ACEIs
and non-ACEIs groups. Continuous variables were compared
between the groups using the 2 sample t-test or Mann-Whitney
test if the data was skewed. A comparison of the outcomes of
SBP, DBP, and HR observed during surgery and in the PACU
between the two groups was done using linear mixed effect
models. The measurements of SBP, DBP and HR were considered
as repeated measures in the models and fit with autoregressive
(AR) (1) structure for correlations to evaluate the change in
these measurements between any two measurement times
while accounting for the within-subject correlation of repeated
measures. Each outcome was evaluated separately and included a
variable for group designation, time, and an interaction term for
group and time. In addition, compatisons of the mean SBP, DBP
and HR were done at each time point; p-values were unadjusted
for these comparisons. SAS Version 9.4 was used for the analysis.
All tests were 2-sided. A p-value < 0.05 was considered statistically
significant.

Results

Among the total of 169 patients who received spinal anesthesia as
their primary anesthetic technique for TKA, 58 patients were in
the ACEIs group and 111 in the non-ACEIs group. Demographic
and preoperative characteristic data are shown in Table 1. Both
groups were compatible regarding age, gender, race, American
Society of Anesthesiologists (ASA) functional status, and body
mass index (BMI). The majority of patients (72% in ACEIs group
versus 56% in non-ACEls group) were functional class ASA 3.
As expected, there were more patients with hypertension in the
ACEIs group in comparison to the non-ACEIs group (p<0.0001).
There were also higher numbers of patients with diabetes mellitus
(p=0.001) and hyperlipidemia (p = 0.01) in the ACEIs group but
no significant difference in other co-morbidities. Patients in the
ACElIs group were more frequently on beta blockers (64% versus
42%, p=0.01) and a trend toward significance (p=0.07 is close to
$<0.05) was found in terms of diuretics use between these two
groups of patients.

Comparisons of mean SBP, DBP, and HR prior to and at 10,
20, and 30 minutes post spinal anesthesia in patients in the non-
ACEIs versus the ACEIs groups are summarized in Table 2. Both
groups showed decreased SBP and DBP immediately post spinal
injection (Table 2). However, patients in the ACEIs group had
lower mean DBPs throughout the time of surgery, including the
starting DBP prior to spinal placement (p=0.002). Moreover,
both SBP and DBP were lower in patients in the ACEIs group
versus the non-ACElIs group at 10 minutes post spinal placement,
which was statistically significant (p=0.01 for SBP and p= 0.005
for DBP). Except the results mentioned above, there were no
significant differences of SBP, DBP, or HR observed during the
times of surgery and on PACU arrival nor was there a significant
interaction of time and ACEI grouping on the three outcomes
during the surgery time period.

The observation of the hemodynamic changes between these
two groups raises a question of whether vasoactive drugs such as
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Table 1. Comparison of patients’ demographics and preoperative characteristics
between the non-ACEls and ACEIs groups.

non-ACEIs( n=111) ACEIs (n=58) P valne
Age (year) 64t 9 668 0.21
Gender n (%)
Male 50 (45%) 23 (40%)
Female 61 (55%) 35 (60%) 0.52
Race n (%)
Caucasian 96 (86%) 52 (89%)
Black 7 (6%) 3 (5%)
Hispanic 3 (3%) 1 (2%)
Other 5 (2%) 2 (2%) 1
ASA Physical Status n (%)
1 2 (2%) 0
2 47 (42%) 16 (28%)
3 62 (56%) 42 (72%) 0.08
Body Mass Index 33+7 35+7 0.09
Comorbidities
Hypertension 65 (59%) 53 (91%) <0.0001
Coronary artery disease 11 (10%) 7 (12%) 0.79
Congestive heart failure 7 (6%) 2 (3%) 0.72
Hyperlipidemia 56 (50%) 42 (72%) 0.01
Transient ischemic attacks/ 3 (3%) 5 (9%) 0.13
stroke
Diabetes mellitus 15 (14%) 21 (36%) 0.001
Chronic obstructive pulmo- 7 (6%) 5 (9%) 0.75
nary disease
Renal insufficiency 12 (11%) 7 (12%) 0.8
Cancer 16 (14%) 12 (21%) 0.38
On Other Antihypertensive Medication 2 (%)
Beta Blocker 47 (42%) 37 (64%) 0.01
Diuretics 37 (33%) 28 (48%) 0.07
Hematocrit (%o) 40%5 40=£3 0.35
Creatinine (mg/dl) 0.92 +0.29 0.94 £0.28 0.73

American Society of Anesthesiologists (ASA), Values are means + Standard deviation (SD) or numbers (%0)

phenylephrine or ephedrine were more aggressively given to the
patients in ACEIs group, especially in the first 30 minutes post
spinal placement. Our study did not find significant differences
in phenylephrine or ephedrine administration between the two
groups in the time frames of 10, 20, 30 minutes post spinal injection
and the total amounts used (Table 3). However, although the total
doses of propofol administered were not different between these
two groups, the initial rate of propofol infusion was significantly
lower (p=0.04) in the ACEIs group compared to the non-ACEIs
group (Table 3). There were no significant findings for estimate
blood loss, total intravenous fluid use, urine output, postoperative
creatinine level, and the length of PACU stay (Table 3). Our results
did not reveal any observed difference in the rates of 30 day- and
90 day- readmissions between the ACEI and non-ACEI groups.

Discussion

The aim of this retrospective study was to investigate perioperative
hemodynamic influence of ACEIs on patients undergoing TKA.
Our study showed that the comorbidities over-represented in the

ACEIs group included hypertension, hypetlipidemia, and diabetes
mellitus (Table 1). A logical explanation for this finding is that
ACEISs and beta blockers are the commonly used medications for
hypertension management in patients with these two metabolic
syndromes [0, 11, 14]. These comorbid conditions may have
considerable impacts on perioperative outcome [2, 3, 4, 5].

Maintaining mean blood pressure at 60-70 mmHg intraoperatively
is generally preferred to minimize blood loss as well as to preserve
adequate perfusion to vital organs, especially in patients with
significant comorbidities. Our study revealed a lower mean DBP
in the ACEIs group throughout the time period during surgery
(Table 2). The pharmacologic effects of ACEIs may be one of the
factors associated with this finding [6, 11, 14]. Notably, patients in
the ACEIs group showed lower SBP and DBP at 10 minutes post
spinal placement relative to patients in the non-ACEIs group.
This finding is consistent with the findings from previous studies
in the literature that patients on ACEIs experienced an increased
incidence of hypotension post spinal/epidural anesthesia [15,
17, 18]. However, even though our data indicated there were
statistically significant differences of SBP and DBP between the
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Table 2. Comparison of systolic blood pressure, diastolic blood pressure,

and heart rate between the non-ACEIs and ACEIs groups.

non-ACEIs ( n=111) ACEIs (n=58) P value
SBP (mmHg)
prior 137 £ 21 136 £ 21 0.87
10 min 110 £ 23 100 £ 26 0.01
20 min 99 £ 25 98 £ 16 0.69
30 min 97 £18 95 %16 0.41
PACU on arrival 110 + 17 112+ 19 0.39
DBP (mmHg)
prior 7712 71£13 0.002
10 min 64+ 13 58 + 14 0.005
20 min 58 +10 55+ 11 0.06
30 min 56 £ 10 52+ 11 0.03
PACU on arrival 63110 60 £ 11 0.09
HR (beat/minute)
prior 72£13 70 £ 11 0.39
10 min 72£13 70 £ 12 0.18
20 min 70 £ 13 68+ 13 0.4
30 min 6711 67 11 0.6
PACU on arrival 76 £ 14 72+ 14 0.09

Systolic blood pressure (SBP), diastolic blood pressures (DBP), heart rates (HR) prior to, at 10, 20, 30 minutes post spinal injection,
and on artival at post anesthesia care unit (PACU). Values are means £SD.

Table 3. Comparison of the dosing of propofol, phenylephrine, and ephedrine, operative data,

and readmission rate between the non-ACEIs and ACEIs groups.

| non-ACEIs (n=111) | ACEIs (n=58) | P value
Phenylephrine (mcg) *
10 min 120 £ 46 145 £ 101 0.32
20 min 165 £ 102 217 £ 135 0.16
30 min 221 £ 151 207 £ 133 0.73
Total 1295 + 1743 1948 + 2714 0.23
Ephedrine (mg) *

10 min 10£0 10+ 0
20 min 10£5 9+3 0.38
30 min 16+ 9 13+7 0.2
Total 1711 21+ 11 0.3

Propofol

Initial dose (mcg/kg/min) 77 £ 34 60 £ 20 0.04
Total dose (mg) 921 * 387 781 339 0.14
Estimated blood loss (ml) 121 £ 131 122 £ 129 0.99
Total fluids given (ml) 1473 + 617 1346 £ 551 0.2
Total urine output (ml) 268 £ 200 292 £ 234 0.5
PACU stay (minute) 107 £ 68 93+41 0.11
Postoperative creatinine (mg/dl) 0.95 £ 0.31 0.98 + 0.35 0.63
30 day readmission rate 5.30% 1.60% 0.42
90 day readmission rate 5.30% 6.70% 0.74

Values are means £SD or numbers (%0).

*Phenylephrine and ephedrine dosing within the first 10, 20, and 30 minutes post spinal injection and total amount given for the case.
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ACEIs versus non-ACEIs group, the clinical significance of these
differences needs further assessment. It may seem reasonable
to expect that patients in the ACEIs group would demand
more aggressive treatment to attain optimal blood pressure.
However, our study did not found such differences in terms of
phenylephrine or ephedrine dosing. Instead, our data showed
that the anesthesia providers were more likely to start propofol
infusion at a lower rate for sedation in the ACEIs group post spinal
injection. This measure may have compensated for the changes
of blood pressure during the time period immediate post spinal
placement. Similar findings reported in the literature stated that
using decreased induction dose of propofol could easily reduce
the need for hypotension correction in patients chronically taking
ACEIs [19]. There was no data to draw conclusions regarding
the effectiveness of other vaso active medications in the cutrent
study, since no records indicated epinephrine or vasopressin was
given to these two groups of patients. Blood pressure and heart
rate remained comparable in these two groups of patients later on
in the procedure and on PACU arrival. No significant differences
of the total dose of propofol administered were observed in these
two groups. Therefore, although there was greater systolic and
diastolic hypotension observed in the ACEIs group immediately
post spinal placement, its clinical relevance may not be substantial.
It is an interesting finding that the heart rates at all observed time
points were not significantly different in these two groups of
patients, even though higher numbers of patients in the ACEIs
group were concurrently taking a beta blocker. The mechanisms
in response to sympathetic block caused by spinal anesthesia may
vary in these two groups of patients [12]. We recognized that the
approach of the spinal anesthetics was not stringently standardized
in these two groups of patients, which could potentially influence
the clinical presentation. However, our patients typically received
preservative-free hyperbaric bupivacaine (0.75% in dextrose,
1.8-2 mL) as the spinal agent and propofol infusion after spinal
placement for intraoperative sedation. Spinal anesthesia received
by these two groups of patients was likely very compatible and its
impact on the hemodynamic differences observed between these
two groups may be insignificant.

Data from the literature investigating the effect of ACEIs on
surgical patients under regional anesthesia is very limited. Current
literature remains equivocal regarding continuation of ACEIs
preoperatively [6, 11, 13, 14]. A previous study reported that
patients who received preoperative angiotensin axis blockades
undergoing major orthopedic surgeries, such as spinal fusion,
hip or knee arthroplasty, have an associated increased risk of
postinduction hypotension and postoperative acute kidney injury
(AKI) resulting in a greater hospital length of stay [18]. Other
studies have concluded that long term ACEIs treatment does not
further exaggerate the blood pressure decrease in the eatly phase
of spinal anesthesia and ACEIs are not associated with increased
mortality after noncardiac surgery [16, 20]. Our study did not
reveal significant differences concerning postoperative change of
serum creatinine level, the length of PACU stay, and 30 day- or
90 day-readmission rate. Further evidence is required to prove
that preoperative ACEI therapy has a direct cause and effect
relationship with serious perioperative complications including
AKI. It is worth the consideration that postoperative rebound
hypertension is a serious complication associated with adverted
cardiovascular outcomes [21]. The American Heart Association/
American College of Cardiology (AHA/ACC) states that as a
class T recommendation, ACEIs should be started and continued
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indefinitely in all patients with left ventricular ejection fraction
less than 40% and in those with hypertension, diabetes, or chronic
kidney disease, unless contraindicated. They further state, as a
class ITb recommendation, that it is reasonable to use ACEIs in all
other patients [22]. The result of our study is in agreement with the
AHA/ACC recommendation to continue ACEIs petiopetatively
to prevent possible rebound hypertension and related serious
sequelae. Further studies are required to demonstrate whether the
organ-protective benefits of ACEISs validate their continuation in
the perioperative setting.

We acknowledge there are several limitations in our study. This is
a retrospective analysis over a selected period of time in a single
academic medical center. Due to the retrospective observational
nature of the study, the information obtained relies on prior
medical records and the patients in the two study groups were
not randomized. The type, dose, and duration of ACEIs taken by
the patients were not specified. We did not further elucidate the
possible influence of other blood pressure medications such as
ARBs, calcium channel blockers, beta blockers, and diuretics on
the results. Additionally, it is possible that boluses of vasopressors
were not thoroughly documented by each individual provider.
Although well-compatible with several relevant studies in the
literature |9, 10, 15, 19], the sample size of our study was still
relatively small. Future prospective randomized studies with
larger sample size may need to confirm our findings.

Conclusion

In conclusion, based on the current study, patients on ACEIs
showed transient lower blood pressure shortly after spinal
injection compared to patients not on ACEIs. The requirements
of vasopressors were not significantly higher in patients on ACEIs
undergoing spinal anesthesia for TKA.
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