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ABSTRACT
Background: Intraoperative hypotension is a risk factor for postoperative acute kidney injury
(AKI). Elderly patients are susceptible due to reduced responses to acute hemodynamic changes.
Aims: Determine the association between hypotension identified from anesthetic charts and
postoperative AKI in elderly patients.
Methods: Retrospective cohort study of elective noncardiac surgery patients �65 years, at an
Australian tertiary hospital (December 2019–March 2021), with the primary outcome of AKI
�48h of surgery. Factors of interest were intraoperative hypotension determined from anesthetic
charts (mean arterial pressure <60mmHg, systolic blood pressure <90mmHg, recorded 5-min)
and intraoperative vasopressor use.
Results: In 830 patients (mean age 75 years), systolic hypotension was more frequent than mean
arterial hypotension (25.7% vs. 11.9%). Most hypotensive episodes were brief (7.2% of systolic
and 4.2% of mean arterial hypotension lasted >10min) but vasopressors were used in 84.7% of
cases. The incidence of postoperative AKI was 13.9%. Systolic hypotension >20min was associ-
ated with AKI (OR, 3.88; 95% CI: 1.38–10.9), which was not significant after adjusting for vaso-
pressors, creatinine, American Society of Anesthesiologists class, and hemoglobin drop. The
cumulative dose of any specific vasopressor >20mg (or >10mg epinephrine) was independently
associated with AKI (adjusted OR, 2.47; 95% CI: 1.34–4.58). Every 5mg increase in the total dose
of all intraoperative vasopressors used during surgery was associated with 11% increased odds
of AKI (95% CI: 3–19%).
Conclusions: High vasopressor use was associated with postoperative AKI in elderly patients
undergoing noncardiac surgery, independent of hypotension identified from anesthetic charts.
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Introduction

Intraoperative hypotension is a common complication
of general anesthesia and surgery which is associated
with postoperative acute kidney injury (AKI) [1,2]. The
development of AKI has implications for morbidity and
mortality. In the short term, postoperative AKI is associ-
ated with greater postoperative complications, longer
hospital and intensive care unit length of stay, higher
healthcare costs, and greater readmission rates at
30 days [3,4]. In the longer term, postoperative AKI is
associated with an adjusted hazard ratio of death of
1.20 (95% CI, 1.10–1.30) [5]. AKI is a well-established risk
for chronic kidney disease (CKD), and even mild AKI is
associated with long-term kidney impairment [6].

Elderly patients may be more at risk of intraoperative
hypotension and AKI due to a number of age-related

changes in cardiovascular physiology. These include
endothelial dysfunction, increased arterial stiffness,
reduced left ventricular compliance and cardiac reserve,
and impaired b-adrenergic and parasympathetic func-
tion [7]. The blunted response to vasodilation from
anesthesia and hypovolemia from blood loss, could
contribute to postoperative AKI. Conversely, patients
undergoing elective surgery may have a lower risk of
hypotension and AKI compared to patients undergoing
emergency surgery, and this group of patients have
been less intensively studied.

The aims of this study were to determine the inci-
dence of early postoperative AKI in elderly patients
after elective noncardiac surgery and the association
between AKI and intraoperative hypotension or vaso-
pressor/inotrope support. We hypothesized that
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evidence of intraoperative hypotension and vasopressor
or inotrope use obtained from standard anesthetic
charts could be used to predict postoperative AKI in
the initial 48 h after surgery.

Methods

Study design, setting, and ethics approval

We conducted a retrospective cohort study of elective
noncardiac surgery patients at three major metropol-
itan hospitals in the Monash Health Network in the
state of Victoria, Australia (Monash Medical Centre,
Dandenong Hospital, and Casey Hospital), from
December 2019 to March 2021. This study was
approved by the Monash Health Human Research
Ethics Committee as a Quality Initiative as all data were
obtained from standard medical documentation and
laboratory results generated during routine clinical
practice, and the requirement for patient consent was
waived (Monash HREC reference RES-21-0000077Q-
73251, ERM reference 73251).

Participants

Participants were identified from the network database
of elective admissions during the study period. Our
study inclusion criteria were (1) age �65 years, (2) hos-
pital length of stay �48 h, which is the time required to
diagnose postoperative AKI, and (3) noncardiac surgery,
but also excluding obstetric and ophthalmology. Our
study exclusions were patients who (1) did not require
a general anesthetic, (2) had missing or inadequate
hemodynamic data, (3) had missing baseline or postop-
erative serum creatinine measurement, (4) are receiving
chronic dialysis therapies.

Acute kidney injury

The primary outcome of this study was the develop-
ment of AKI of any stage (severity) within 48 h postop-
eratively. We used the Kidney Disease: Improving
Global Outcomes (KDIGO) creatinine criteria to define
and describe the severity of AKI: Stage 1 is a serum cre-
atinine increase of �0.3mg/dL (27mmol/L) within 48 h,
or increase �1.5 times baseline; Stage 2 is a serum cre-
atinine increase 2.0–2.9 times baseline; and Stage 3 is a
serum creatinine increase 3.0 times baseline, increase to
�4.0mg/dL (�354 mmol/L), or initiation of renal
replacement therapy [8]. Urine output criteria for AKI
were not used as it was not uniformly recorded for all
patients. In order of preference depending on availabil-
ity, the baseline serum creatinine was estimated by (1)

taking the admission or preadmission serum creatinine
value, (2) calculating the mean values from stable out-
patient tests within the last 12months, or (3) taking the
final creatinine measurement before discharge from a
prior admission within 12months. In this study, we
restricted the follow-up to 48 h postoperatively, to
ensure the minimum time for a diagnosis of AKI was
achieved, while minimizing confounding by other post-
operative complications such as sepsis.

Intraoperative hypotension

Intraoperative hypotension was defined as a mean
arterial pressure (MAP) <60mmHg or a systolic blood
pressure (SBP) <90mmHg. Baseline blood pressures
were obtained from the preoperative and pre-induction
readings. Intraoperative blood pressures were obtained
from the anesthetic chart, which were documented at
5-min intervals. Most patients received standard nonin-
vasive assessment of blood pressure, and only 2% of
patients received preemptive insertion of an intra-arter-
ial catheter for continuous measurements prior to sur-
gery commencement. Due to the limited number of
patients receiving invasive monitoring, we did not ana-
lyze these patients separately. We determined the num-
ber and duration of hypotensive episodes and
calculated the cumulative duration of intraoperative
hypotension. Postoperatively, blood pressure readings
were examined for evidence of hypotension for 24 h. In
conjunction with blood pressure readings, we deter-
mined the cumulative dose of vasopressor agents used
intraoperatively and noted if hemodynamic support
were used postoperatively in the intensive care unit. A
high dose of any specific vasopressor used was defined
as a cumulative dose of metaraminol, ephedrine,
phenylephrine, or norepinephrine >20mg, or a cumula-
tive dose of epinephrine >10mg, over the duration of
surgery (not time-averaged).

Other variables

We collected data on age, sex, comorbidities, body
mass index, surgery type, surgery duration, and the
American Society of Anesthesiologists physical status
(ASA) classification. The ASA offers a simple classifica-
tion for assessing perioperative clinical risk, which can
be easily communicated for risk-benefit assessment.
The assignment of ASA class is made by the anesthetist
on the day of surgery based on symptoms, comorbid-
ities, and functional limitations, and it is accepted
standard practice in preoperative assessments.
Although there are six status classes in this system, only
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ASA classes 1 to 4 were relevant to this study: ASA 1
(normal healthy patient), ASA 2 (mild systemic disease),
ASA 3 (severe systemic disease), ASA 4 (severe systemic
disease that is a constant threat to life), ASA 5 (mori-
bund patient not expected to survive without the oper-
ation), ASA 6 (brain-dead organ donor). A full
description with examples can be found on the ASA
website [9].

From the medical records and medication charts, we
also determined the baseline use of b-blockers, renin-
angiotensin system inhibitors and diuretics, exposure to
potential nephrotoxic medications (aminoglycosides,
vancomycin, nonsteroidal anti-inflammatory drugs)
within 24 h pre-operatively and postoperatively, and
exposure to intravenous or intra-arterial iodinated con-
trast within 72 h preoperatively. We determined the
postoperative hemoglobin as the nadir within 48 h of
surgery and calculated the drop in hemoglobin com-
pared to preoperative levels. The hemoglobin drop was
corroborated with any intraoperative red blood cell
transfusions, and transfusions within 24 h after surgery.
Based on the established baseline serum creatinine,
chronic kidney disease (CKD) was defined as an esti-
mated glomerular filtration rate (eGFR) <60mL/min/
1.73 m2 using the CKD Epidemiology Collaboration
(CKD-EPI) equation [10].

Statistical analysis

Normally distributed continuous variables were
described using mean and standard deviation (SD),
while the distribution of skewed data was described
with the median and interquartile range (IQR).
Categorical data analysis was performed using the chi-
squared test (v2) or Fisher’s exact test. Initial univariable
comparisons of continuous data was conducted with a
t-test or nonparametric Wilcoxon rank sum test. For the
regression of vasopressor use on the first SBP reading,
we used a zero-inflated negative binomial approach as
not all patients developed hypotension and needed
vasopressors. We used logistic regression (purposeful
selection method) to determine the association
between AKI and the variables of interests (blood pres-
sure, vasopressor use) while adjusting for covariates. All
clinically relevant and statistically significant covariates
(p< .20) were entered into a base model. This was fol-
lowed by backwards elimination and a stepwise
approach, to retain variables with a p< .05 or signifi-
cantly confounded the association between hypoten-
sion and AKI (change in b-coefficient >10%). We used
Akaike’s and Bayesian information criteria or likelihood
ratio tests to compare model fit. We assessed for

collinearity by examining the strength of the correlation
between variables and estimated the variance inflation
factor. Model diagnostics included analysis of model
residuals, goodness-of-fit, outliers, and influential obser-
vations. Analyses were performed using STATA 16.1
(StataCorp, TX, USA). A p< .05 was considered statistic-
ally significant.

Results

Patient characteristics

We included a total of 830 patients aged �65 years in
the final analysis as shown in the study flowchart
(Figure 1). The mean age of patients was 74.5 years
with approximately equal sex distribution. Overall, 34%
of patients were obese and 68% had an ASA class >2.
In our patient cohort, chronic hypertension was preva-
lent (72%), and diabetes affected 28% of patients. The
major cardiovascular and respiratory comorbidities of
the study population are shown in Table 1. Our study
prevalence of heart failure of 6.9% was consistent with
that reported for people 60- to 86-year old in Australia
from the Canberra Heart Study of 6.7% (95% CI:
4.4–7.1%) [11]. The percentage of patients associated
with each method used to determine baseline serum
creatinine were: admission or preadmission clinic
<1week prior to admission (40%), average of out-
patient creatinine values over recent 12months (59%),
creatinine on previous hospital discharge within the
last 12months (1%). Accordingly, 24.9% of patients had
evidence of CKD (eGFR < 60mL/min/1.73 m2).

Incidence of acute kidney injury

The incidence of postoperative AKI was 13.9% (115 of
830 patients). Of patients experiencing AKI, 84.4% were
stage 1 (97 of 115 patients), 4.4% were stage 2 (5 of
115 patients), and 11.3% were stage 3 (13 of 115
patients). There were significant differences in the inci-
dence of AKI between surgical units, with the highest
incidence noted in general surgery (30.2%), urology
(26.7%), vascular (17.2%), and orthopedic (16.4%). The
surgical units with a low incidence of AKI (<5%) were
neurosurgery (including neuro-interventional radi-
ology), plastics (including breast), faciomaxillary, oto-
laryngology, and thyroid, noncardiac thoracic surgery,
and gynecology. There were some baseline differences
between patients with and without postoperative AKI
(Table 1). Compared to patients without AKI, there was
a higher prevalence of cardiovascular disease and
chronic obstructive pulmonary disease (COPD) in
patients who experienced AKI. This corresponded with
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a greater proportion of patients with an ASA class >2
in those with AKI compared to those without, indicating
a higher anesthetic risk. Conversely, AKI and non-AKI
patients were well-matched on age, sex, diabetes, and
body mass index.

Perioperative factors

There was no significant difference between patients
with and without AKI in the use of renin-angiotensin
system inhibitors, or exposure to intravenous contrast

and nephrotoxic medications (Table 2). Common neph-
rotoxins included nonsteroidal anti-inflammatory drugs
(15.4%), gentamicin or vancomycin (6.3%), and various
combinations (1.7%). Preoperative hemoglobin was also
not significantly different between the two groups.
However, there was a greater prevalent use of loop diu-
retics and b-blockers, and a higher baseline urea and
creatinine in patients who developed postoperative AKI
(Table 2). Furthermore, patients who develop AKI were
more likely to require postoperative intensive care unit
admission for vasopressor support, and showed a

Table 1. Baseline patient characteristics by acute kidney injury status.

Characteristic
All patients
(N¼ 830)

No AKI
(n¼ 715)

AKI
(n¼ 115) p Value

Age, mean (SD), years 74.5 (6.6) 74.5 (6.7) 74.9 (6.3) .55
Male, n (%) 447 (53.9) 379 (53.1) 68 (59.1) .22
Body mass index, mean (SD), kg/m2 28.4 (5.7) 28.4 (5.7) 28.8 (5.8) .40
Obese, BMI� 30 kg/m2, n (%) 278 (34.0) 243 (34.5) 35 (30.7) .43
ASA physical status classification, n (%)
Class 1 10 (1.2) 8 (1.1) 2 (1.7) .001
Class 2 258 (31.1) 237 (33.2) 21 (18.3)
Class 3 505 (60.8) 428 (59.9) 77 (67.0)
Class 4 57 (6.9) 42 (5.9) 15 (13.0)

Diabetes, n (%) 231 (27.8) 194 (27.1) 37 (32.2) .26
Heart failure, n (%) 57 (6.9) 42 (5.9) 15 (13.0) .005
Coronary heart disease, n (%) 177 (21.3) 140 (19.6) 37 (32.2) .002
Chronic obstructive pulmonary disease, n (%) 115 (13.9) 90 (12.6) 25 (21.7) .008
Chronic kidney disease, n (%) 207 (24.9) 158 (22.1) 49 (42.6) <.001
Peripheral vascular disease, n (%) 97 (11.7) 76 (10.6) 21 (18.3) .018
Chronic hypertension, n (%) 599 (72.2) 503 (70.4) 96 (83.5) .004

ASA: American Society of Anesthesiologists; BMI: body mass index, missing ¼ 12 (1.4%).

Figure 1. Study flow diagram showing patient eligibility and exclusions. LOS: hospital length of stay; BP: blood pressure.
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greater decline in hemoglobin levels, and needed more
blood transfusions (Table 2).

Intraoperative hypotension

Overall, the distribution of surgery duration was not sig-
nificantly different between patients with AKI and
patients without AKI (p¼ .65). The mean SBPs and
mean MAPs were comparable at the beginning and
conclusion of surgery between the two groups. The
average final SBP was 25mmHg lower, and the final
MAP was 15mmHg lower, than the initial values of
these parameters (Table 3). It was clear that all patients
drop their blood pressure intraoperatively, and many
had nadir blood pressure levels below the hypotensive
threshold (Figure 2). An episode of hypotension
occurred at least once in 25.9% of patients based on
SBP criteria and 11.9% based on MAP criteria. Very few
patients experienced more than one episode of hypo-
tension by either criterion. Most episodes of SBP hypo-
tension were short, with 75% lasting <10min (244 of
324 episodes) and only 1% of SBP hypotensive episodes
lasting >20min (3 of 324 episodes). Similarly, 67% of
MAP hypotension episodes lasted <10min (78 of 117
episodes) and 9% lasted >20min. The only hemo-
dynamic parameter significantly associated with post-
operative AKI was the total duration of SBP
hypotension, with the most obvious difference noted
for those with SBP hypotension >20min (Table 3).

Vasopressors

Vasopressors were commonly used intraoperatively,
with 84.7% of patients (703 of 830) receiving a

vasopressor at least once intraoperatively, and there
was an association between vasopressor use and post-
operative AKI (Table 3). The commonest vasopressor
was metaraminol, followed by ephedrine, and less com-
monly norepinephrine. Agents rarely used included epi-
nephrine (0.6%) and phenylephrine (0.2%). The median
total dose of all vasopressors for the cohort was 5.0mg
(IQR, 1.3 to 12.8mg), with a higher total dose used in
patients who developed AKI compared to those who
did not develop AKI. Except for metaraminol, there was
a statistically significant association between AKI and
dose of individual vasopressors as well, along with a
significant test for trend (differences in AKI incidence
between the two groups increase moving up catego-
ries from no vasopressors to high doses of vasopres-
sors). Thus, compared with patients who did not
receive vasopressors or received low-moderate doses,
patients receiving high doses of vasopressors intraoper-
atively were more likely to develop AKI.

Based on the scatterplot of initial SBPs versus dur-
ation of SBP hypotension (Figure 3), we further exam-
ined the hypothesis that a higher initial SBP could be
associated with lower intraoperative vasopressor
requirement. The results of the zero-inflated negative
binomial regression of total vasopressor dose on initial
SBP (per 10mmHg) showed a statistically significant
effect (b ¼ �0.040, 95% CI: �0.068 to �0.011, p¼ .007).
Thus, in patients who received vasopressors, a higher
initial SBP was associated with lower intraoperative
vasopressor requirement. We estimated that total vaso-
pressor dose was 4% lower for every 10mmHg increase
in initial SBP.

Table 2. Perioperative characteristics by acute kidney injury status.
Preoperative variables All patients (N¼ 830) No AKI (n¼ 715) AKI (n¼ 115) p Value

Renin-angiotensin blocker, n (%) 385 (46.4) 329 (46.0) 56 (48.7) .59
b-blockers, n (%) 219 (26.4) 179 (25.0) 40 (34.8) .028
Calcium-channel blockers, n (%) 208 (25.1 176 (24.7) 32 (27.8) .47
Loop diuretics, n (%) 104 (12.5) 78 (10.9) 26 (22.6) <.001
Iodinated contrast <72 h, n (%)a 62 (7.5) 53 (7.4) 9 (7.8) .88
Nephrotoxic medications, n (%) 194 (23.3) 170 (23.7) 24 (20.7) .49
Baseline urea, median (IQR) mmol/L 6.4 (5.3–8.3) 6.3 (5.2–8.1) 7.4 (5.7–9.7) <.001
Baseline creatinine, median (IQR) mmol/L 78 (64–94) 76 (63–91) 89 (76–120) <.001
Baseline hemoglobin, mean (SD) g/L 131.0 (16.8) 131.4 (16.8) 128.6 (16.8) .10

Postoperative variables
Intensive care unit admission, n (%)
Ventilatory or other support 143 (17.2) 122 (17.1) 21 (18.3) <.001
Vasopressor support 57 (6.9) 36 (5.0) 21 (18.3)

Peak urea, median (IQR) mmol/L 6.7 (5.2–9.0) 6.4 (5.1–8.2) 10.8 (8.9–13.8) <.001
Peak creatinine, median (IQR), mmol/L 83 (67–109) 79 (65–96) 140 (118–188) <.001
Postoperative hemoglobin, mean (SD), g/L 113.5 (18.9) 114.5 (18.9) 107.7 (18.1) <.001
Decline in hemoglobin, mean (SD), g/L 17.5 (15.1) 16.9 (14.5) 20.9 (17.9) .008
Red blood cell transfusion, n (%)
None 792 (95.4) 687 (96.1) 105 (91.3) .019b

1–3 units 29 (3.5) 23 (3.2) 6 (5.2)
>3 units 9 (1.1) 5 (0.7) 4 (3.5)

aIncludes intravenous and intra-arterial contrast.
bFisher’s exact test.
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Logistic regression

From the initial univariable comparisons between
patients with and without AKI, we examined the odds
ratios from logistic regression of AKI on the relevant
baseline, perioperative and intraoperative variables
(Table 4). With SBP hypotension parameterized as a cat-
egorical variable, it was obvious from the odds ratios
and negative test for trend (p¼ .27) that the risk of
developing postoperative AKI were not significant until

the cumulative duration of SBP hypotension exceeded
20min. Thus, we used this SBP threshold to create a
binary variable of SBP hypotension >20min for testing
multivariable models. There was strong evidence that
the baseline serum creatinine and a significant drop in
hemoglobin was associated with AKI. CKD is a well-
known risk factor for AKI and is associated with
increased cardiovascular disease risk. A significant
hemoglobin drop is a marker severe blood loss, another
known risk factor for AKI as well as hypotension.

Table 3. Intraoperative blood pressure, hypotension, and vasopressor use.
All patients
(N¼ 830)

No AKI
(n¼ 715)

AKI
(n¼ 115) p Value

Systolic blood pressure (SBP)
Initial SBP, mean (SD) mmHg 148 (26) 148 (26) 147 (27) .92
Final SBP, mean (SD) mmHg 122 (18) 122 (18) 121 (17) .49
Any episode of SBP< 90mmHg, n (%) 215 (25.9) 184 (25.7) 31 (27.0) .78
Duration of SBP< 90mmHg, median (IQR) mina 5 (5–10) 5 (5–10) 10 (5–15) .78
Total duration of SBP< 90mmHg, n (%)
None 615 (74.1) 531 (74.3) 84 (73.0) .048
<10min 116 (14.0) 102 (14.3) 14 (12.2)
10–20min 83 (10.0) 72 (10.1) 11 (9.6)
>20min 16 (1.9) 10 (1.4) 6 (5.2)
�2 episodes of SBP< 90mmHg, n (%) 65 (7.8) 53 (7.4) 12 (10.4) .26

Any episode of SBP< 90mmHg� 10min, n (%) 60 (7.2) 49 (6.9) 11 (9.6) .30
Mean arterial pressure (MAP)
Initial MAP, mean (SD) mmHg 99 (17) 100 (17) 98 (16) .27
Final MAP, mean (SD) mmHg 83 (12) 83 (12) 85 (11) .29
Any episode of MAP< 60mmHg, n (%) 99 (11.9) 80 (11.2) 19 (16.4) .06
Duration of MAP< 60mmHg, median (IQR) mina 5 (5–10) 5 (5–10) 5 (5–10) .12
Total duration of MAP< 60mmHg, n (%)
None 730 (88.0) 635 (88.8) 95 (82.6) .16b

<10min 57 (6.9) 45 (6.3) 12 (10.4)
10–20min 32 (3.9) 25 (3.5) 7 (6.1)
>20min 11 (1.3) 10 (1.4) 1 (0.9)

�2 episodes of MAP< 60mmHg, n (%) 20 (2.4) 16 (2.2) 4 (3.5) .42
Any episode of MAP< 60mmHg� 10min, n (%) 35 (4.2) 28 (3.9) 7 (6.0) .28
Vasopressorsc

Duration of surgery, median (IQR) min 158 (101–241) 159 (103–240) 153 (92–248) .65
Any vasopressor used, n (%) 703 (84.7) 603 (84.3) 100 (86.9) .47
Metaraminol total dose, n (%)
None 185 (22.3) 160 (22.4) 25 (21.7) .56
0.5 to 20.0mg 616 (74.2) 532 (74.4) 84 (73.0)
>20.0mg 29 (3.5) 23 (3.2) 6 (5.2)

Ephedrine total dose, n (%)
None 593 (71.5) 522 (73.0) 71 (61.7) .011d

0.5 to 20.0mg 205 (24.7) 170 (23.8) 35 (30.4)
>20.0mg 32 (3.9) 23 (3.2) 9 (7.8)

Norepinephrine total dose, n (%)
None 801 (96.5) 698 (97.6) 103 (89.6) <.001b,e

0.5 to 20.0mg 19 (2.3) 14 (2.0) 5 (4.4)
>20.0mg 10 (1.2) 3 (0.4) 7 (6.1)

Epinephrine total dose, n (%)
None 825 (99.4) 712 (99.6) 113 (98.3) .033b,d

0.5 to 10.0mg 3 (0.4) 3 (0.4) 0 (0.0)
>10.0mg 2 (0.2) 0 (0.0) 2 (1.7)

Total dose of all vasopressors, n (%)
None 127 (15.3) 112 (15.7) 15 (13.0) .003d

0.5 to 20.0mg 608 (73.3) 532 (74.4) 76 (66.1)
>20.0mg 95 (11.5) 71 (9.9) 24 (20.9)

High dose of any vasopressor, n (%)f 68 (8.2) 47 (6.6) 21 (18.3) <.001
aAverage duration of hypotensive episodes, with 324 episodes of SBP <90mmHg and 117 episodes of MAP <60mmHg.
bFisher’s exact test.
cVasopressor doses reported are cumulative for the duration of surgery.
dTest for trend, p< .01.
eTest for trend, p< .001.
fCumulative dose of any specific vasopressor (metaraminol, ephedrine, phenylephrine, or norepinephrine) >20mg, or a cumulative dose of epineph-
rine >10mg.
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We also included the intraoperative vasopressor varia-
bles, and the postoperative vasopressor support in the
24 h postoperatively given our study includes a 48-h
postoperative period. As these variables were clinically
relevant, logical, and highly statistically significant, we
selected them for inclusion as covariates in the initial
multivariable model.

It was clear from the univariable analysis that a
measure of comorbidity burden is needed in our model.
In stage 1 of our multivariable analysis (Table 5), we
included the modified ASA classification (classes 1 and
2 combined due to low numbers in class 1) in the

multivariable model. Loop diuretics and b-blockers
were dropped as they were not statistically significant
after allowing for covariates and did not confound esti-
mates. The base multivariable model (Model 1) included
SBP hypotension >20min, baseline creatinine, ASA
class, hemoglobin drop, total intraoperative vasopres-
sors, and postoperative vasopressor support. The point
biserial correlation coefficient between SBP hypoten-
sion >20min and total intraoperative vasopressor dose
was 0.165, and the estimated variance inflation factors
did not support collinearity. ICU admission was not
included in the multivariable analysis as it was on the

Figure 2. Boxplots of intraoperative systolic blood pressure readings at the beginning of surgery (first), lowest blood pressure
reading ever achieved (nadir), and the final reading on the anesthetic chart (last), demonstrating that all patients drop their
blood pressures intraoperatively. The nadir blood pressures offer an explanation why 85% of patients received vasopressors.
Abbreviation: AKI: acute kidney injury.

Figure 3. Scatterplot of initial systolic blood pressure (BP) vs. duration of systolic hypotension, with linear regression line and
95% confidence band (red lines), suggesting a weak inverse relationship between the initial blood pressure and the dose of vaso-
pressor support used intraoperatively (n¼ 830).
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causal pathway to AKI, reflecting the effect of hemo-
dynamic instability and postoperative vasopressor sup-
port on the development of AKI. After adjusting for the
covariates, SBP hypotension >20min was no longer
statistically significant, with a 48% change in the b-coef-
ficient. In model 2, we substituted total vasopressor
dose for the high dose use of any vasopressor, with
consistent negative results even though the correlation
(U coefficient) between SBP hypotension >20min and
the high dose use of any vasopressor was 0.150, and
the estimated variance inflation factor did not indicate
collinearity. However, if total intraoperative vasopres-
sors were dropped (Model 3), the estimates for SBP
hypotension >20min changed by 19% but remained
not significant (p¼ .12).

In stage 2 of the analysis (Table 5), we dropped SBP
hypotension and considered total intraoperative vaso-
pressors as the main factor of interest (Model 4).
Dropping SBP hypotension from Model 1 yielded a
0.4% change in the b-coefficient for total intraoperative
vasopressors (likelihood ratio test, p¼ .26). We also
examined substituting total intraoperative vasopressor
dose with the high dose use of any vasopressor (Model
5). Dropping SBP hypotension from Model 2 yielded a
5.3% change in the b-coefficient for high dose use of
any vasopressor (likelihood ratio test, p¼ .18). Thus, we
showed that SBP hypotension had no significant effect
on the b-coefficients of these vasopressor variables and
was not required in the final multivariable models.

Table 4. Univariable logistic regression of acute kidney injury.

Variable
Odds
ratio 95% CI p Value

Coronary heart disease 1.95 1.26–3.00 .003
Heart failure 2.40 1.29–4.49 .006
Peripheral vascular disease 1.88 1.11–3.19 .020
Chronic hypertension 2.13 1.27–3.57 .004
Chronic obstructive pulmonary disease 1.93 1.18–3.17 .009
ASA score, per class increasea 1.95 1.37–2.78 <.001
Loop diuretics 2.39 1.45–3.92 .001
b-blockers 1.60 1.05–2.43 .029
Baseline creatinine, per 100 mmol/L 1.90 1.42–2.54 <.001
Chronic kidney disease 2.62 1.74–3.94 <.001
Postoperative hemoglobin, per 10 g/L 0.83 0.75–0.92 <.001
Drop in hemoglobin, per 10 g/L 1.19 1.05–1.35 .008
Red blood cell transfusion
None 1.00 Reference .029
1–3 units 1.71 0.69–4.29
>3 units 5.23 1.38–19.8

Total duration of SBP< 90mmHg
None 1.00 Reference .077
<10min 0.88 0.48–1.59
10–20min 0.97 0.50–1.90
>20min 3.79 1.35–10.7

Total duration SBP< 90mmHg> 20min 3.88 1.38–10.9 .010
Any intraoperative vasopressor use 1.24 0.70–2.20 .47
High dose of any intraoperative vasopressorb 3.18 1.82–5.55 <.001
Total intraoperative vasopressor dose
None 1.00 Reference .004
0.1–20.0mg 1.07 0.60–1.92
>20.0mg 2.52 1.24–5.14

Postoperative vasopressor use 4.21 2.36–7.52 <.001
Intensive care unit admission 2.03 1.33–3.08 .001
aClasses 1 and 2 combined due to a low number of patients with class
1 status.
bCumulative dose of any specific vasopressor (metaraminol, ephedrine,
phenylephrine, or norepinephrine) >20mg, or a cumulative dose of epi-
nephrine >10mg.
ASA: American Society of Anesthesiologists physical status; SBP: systolic
blood pressure.

Table 5. Multivariable logistic regression of acute kidney injury.
Model (covariates) Odds ratio 95% CI Db

Stage 1
Total duration SBP< 90mmHg> 20mina (univariable) 3.88 1.38–10.8
Model 1 (SBP hypotensiona, baseline creatinine, ASA, total intraoperative vasopressors, hemoglobin drop,

postoperative vasopressors)
2.03 0.61–6.77 �48%

Model 2 (SBP hypotensiona, baseline creatinine, ASA, high dose of any vasopressor, hemoglobin drop,
postoperative vasopressors)

2.25 0.72–7.05 �42%

Model 3 (Total intraoperative vasopressors dropped from Model 1 covariates) 2.50 0.79–7.98 þ19%

Stage 2: SBP hypotension dropped as nonsignificant Odds ratio 95% CI AIC/BIC

Model 4 (Total intraoperative vasopressorsa, baseline creatinine, ASA, hemoglobin drop, postoperative
vasopressors)

1.11 1.03–1.20 AIC 617.5
BIC 645.8

Model 5 (Model 4, with total intraoperative vasopressors replaced by use of high dose of any vasopressora) 2.47 1.35–4.50 AIC 618.0
BIC 646.4

Model 6 (Total intraoperative vasopressorsa, transformed creatinine, ASA, hemoglobin drop, postoperative
vasopressors), dropped 1 influential case

1.11 1.03–1.19 AIC 594.1
BIC 627.1

Model 7 (Model 6, with total intraoperative vasopressors replaced by use of high dose of any vasopressora) 2.47 1.34–4.58 AIC 596.2
BIC 624.5

Model 8 (Model 6, with ASA replaced by chronic obstructive pulmonary diseaseþ chronic hypertension) 1.10 1.02–1.19 AIC 594.1
BIC 627.1

Model 9 (Model 7, with ASA replaced by chronic obstructive pulmonary diseaseþ chronic hypertension) 2.30 1.24–4.29 AIC 594.5
BIC 627.5

Model 10 (Model 6, with transformed creatinine replaced by chronic kidney diseases status) 1.12 1.04–1.20 AIC 617.3
BIC 645.6

Model 11 (Model 7, with transformed creatinine replaced by chronic kidney disease status) 2.61 1.42–4.80 AIC 617.6
BIC 645.9

aMain risk factor of interest where odds ratio has been reported.
ASA: American Society of Anesthesiologists physical status classification, classes 1 and 2 were combined due to a low number of patients in class 1;
Db: change in b-coefficient from the previous model compared; AIC: Akaike information criteria; BIC: Bayesian information criteria.

RENAL FAILURE 655



After model diagnostics, we transformed baseline
creatinine (power, �0.5) and removed one influential
atypical case (extreme vasopressors, hemorrhagic
shock, severe AKI) to improve model fit (Models 6 and
7). As an alternative to ASA class, the only comorbidities
statistically significant in the multivariable model were
COPD and hypertension (Models 8 and 9), but the
model fit estimates were similar. Another option was to
substitute creatinine for CKD status (Models 10 and 11),
but this did not improve model fit statistics. There were
no significant interactions between the covariates.
Calibration plot and Hosmer–Lemeshow test showed a
good fit for the data.

Other analysis

To determine selection bias, we compared demo-
graphic and surgical data between patients who were
included in the analysis and patients who were
excluded. We found no significant difference in age
(mean, 74.5 years vs. 75.6 years, p¼ .06) or sex (males,
53.9% vs. 51.3%, p¼ .40). However, compared to
included patients, there was a smaller proportion of
patients with an ASA score >2 among those excluded
(67.3% vs. 56.0%, p¼ .004). Patients who were excluded
also experienced a shorter duration of surgery (mean
difference, 80min; 95% CI: 63–97min, p< .001). This
may partly be explained by the larger proportion of
excluded patients who had plastics, otolaryngology, or
maxillofacial surgery (10.8% vs. 20.7%) and orthopedic
surgery (11.3% vs. 23.7%), but relatively fewer general
(mostly abdominal) surgery (36.9% vs. 16.5%). The dif-
ferences in surgery type between included and
excluded patients were statistically signifi-
cant (p< .001).

We conducted a sensitivity analysis by excluding 26
patients who had nephrectomy surgery for urological
malignancy. There was no significant change in the esti-
mates for total intraoperative vasopressor dose (Model
6 covariates) with an OR ¼ 1.12 (95% CI: 1.04–1.21,
p¼ .005), and no significant change for high dose vaso-
pressor use (Model 7 covariates) with an OR ¼ 2.54
(95% CI: 1.34–4.81, p¼ .004).

Discussion

In this study, 25.7% of elderly patients with a mean age
of 75 years undergoing elective noncardiac surgery
experienced at least one episode of SBP hypotension,
and 7.8% experienced recurrent episodes. Most epi-
sodes of hypotension were brief, but the intraoperative
use of vasopressor agents was high at 84.7%, and

11.5% received a relatively large total dose of vasopres-
sors (>20mg). One possible explanation for the high
frequency of vasopressor and inotrope use is a preemp-
tive approach taken by anesthetists based on declining
blood pressure trends before it reached critical thresh-
olds. We did not analyze for such trends, which may be
an important consideration. A national or international
study would be needed to determine if this observation
was unique to our hospital network, or indeed very
common practice in elective surgery. The mismatch
between the frequency of documented hypotension
and vasopressor use could also reflect under-docu-
mented hypotension, which is a possibility for episodes
lasting <5min which was rapidly corrected with a bolus
of vasopressor agent.

The prevalence of postoperative AKI was 13.9%, of
which 84.4% were categorized as KDIGO Stage 1 AKI.
The only intraoperative hemodynamic parameter asso-
ciated with AKI was the total duration of SBP hypoten-
sion >20min, with an odds ratio of 3.88 (95% CI:
1.38–10.8). However, this was not independent of intra-
operative vasopressor use, and was not significant after
allowing for baseline kidney function, ASA class, hemo-
globin drop, and postoperative vasopressor use. After
adjusting for covariates in the final model, every 5mg
increase in total intraoperative vasopressor use was
associated with 11% increased odds of developing AKI
(95% CI: 3–19%, p¼ .006). Alternatively, intraoperative
use of high dose vasopressors was associated with 2.5-
fold increased odds of developing AKI (95% CI: 1.3˗fold
to 4.6˗fold, p¼ .004).

Currently, the best intraoperative hemodynamic par-
ameter and threshold to risk assess postoperative AKI is
unclear. Three recent major studies provide some
insight. Walsh et al. reported a study of 33,330 noncar-
diac surgeries, and found that even short durations of a
MAP <55mmHg was associated with postoperative
AKI, and the risk incremented with greater durations of
hypotension [12]. Sun et al. reported a study of 5127
noncardiac surgeries, and noted an increased risk of
postoperative AKI associated with MAP <60mmHg for
>20min, or <55mmHg for >10min [13]. Salmasi et al.
reported a study of 57,315 surgeries, and concluded
that a MAP <65mmHg was associated with myocardial
injury and AKI, and only brief exposures were required
at even lower MAPs [14]. In our cohort, intraoperative
MAP <60mmHg was much less obvious, and could not
be correlated to AKI risk. However, only 3.9% of our
cohort had a total duration of MAP hypotension lasting
�10min, and only 1.3% had a total duration �20min.
This contrasts Sun et al., whereby 16.6% of patients
recorded a MAP <60mmHg for >10min, and 5.3% for
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>20min [13]. Walsh et al. reported 3.7% of patients
recording a MAP < 55mmHg for >20min [12]. Salmasi
et al. noted that 34.8% of patients recorded a MAP
<65mmHg for >12min [14].

Our finding that AKI development was associated
with SBP hypotension >20min is novel. One major dif-
ference of our study compared to previous studies is
the elderly population studied, with the mean age of
75 years compared with 56 to 61 years in the three large
studies mentioned. Aging is associated with systolic
hypertension. In elderly patients, the MAP may be a less
reliable indicator for renal hypoperfusion than SBP,
given the SBP hypotension was more common than
MAP hypotension. The lower rates of intraoperative
hypotension in our study could also be attributed to
having higher proportion of patients with chronic
hypertension who may have less risk of absolute hypo-
tension. There is an argument to consider baseline
blood pressure and chronic hypertension in managing
intraoperative blood pressure, due to an altered autore-
gulation curve in chronic hypertension. In a randomized
trial of elderly patients with chronic hypertension
undergoing major abdominal surgery, a target intrao-
perative MAP of 80–95mmHg reduced postoperative
AKI at 7 days, compared to a target MAP of
65–79mmHg or 96–110mmHg [15]. Furthermore, some
studies advocate an individualized approach by keep-
ing intraoperative blood pressure within 10% to 20% of
baseline, rather than using an absolute threshold [16].

Taking into context the studies aforementioned, our
13.9% incidence of AKI appeared high compared to the
incidence of 5.6–7.4% previously reported in postopera-
tive noncardiac surgery patients [12–14]. This was partly
due to our older study population with greater cardio-
vascular comorbidities and baseline renal impairment.
However, none of these large studies have considered
vasopressor use in their analysis, which we have found
to be a significant confounder, and its stronger associ-
ation with AKI overshadowed that of hypotension itself.
A potential reason for the greater association of AKI
with vasopressor use than hypotension itself may be
the use of goal-directed therapy to optimize perfusion
and reduce postoperative complications, including AKI
[17,18]. A previous systematic review of perioperative
goal-directed therapy indicated that goal-directed fluid
resuscitation per se did not show benefit in preventing
postoperative AKI, and the greatest benefit was from
inotropic support [19]. Given the high frequency of
vasopressor use by our anesthetists, it was possible that
we may have underestimated the frequency, severity or
duration of hypotension by relying on analysis of man-
ual recordings, which is why vasopressor use appeared

to be a stronger and more reliable factor associated
with the development of AKI. One previous study sup-
ported this proposition. Kheterpal et al. reported on
postoperative AKI in 15,102 patients undergoing major
noncardiac surgery, and determined that total vaso-
pressor dose, vasopressor infusion, and diuretic admin-
istration, were independent risk factors for AKI [20].
However, this study excluded patients with CKD, and
they used a decline in creatinine clearance from
�80mL/min preoperatively to <50mL/min (up to
7 days postoperatively) as the definition of AKI.

In multivariable modeling, we selected baseline kid-
ney function and hemoglobin drop for inclusion as they
were statistically significant variables with strong clinical
justification. CKD is a well-established risk factor for AKI
[21]. Others have established that anemia or a decline in
hemoglobin in the first 48h were associated with AKI
[22,23], and that intraoperative blood transfusions were
also associated with AKI [24,25]. We confirmed similar
findings in our analysis. Others have included anemia in
postoperative AKI prediction tools [26]. In our study,
chronic heart failure, coronary heart disease, COPD, per-
ipheral vascular disease, hypertension, loop diuretics,
and b-blockers were associated with postoperative AKI.
For parsimony, we used the ASA score to represent the
overall assessment of comorbidities. Others have demon-
strated that ASA scores �4 were associated with postop-
erative AKI after major surgery [27]. As an alternatively to
the ASA, we found that COPD and hypertension were
independently associated with postoperative AKI, but
the other comorbidities, loop diuretics and b-blockers
were neither statistically significant nor confounders.
This finding is supported by studies which demonstrated
an association between AKI and chronic hypertension
[28], and between AKI and COPD [20,24,29]. In terms of
generalizability, our results may not be valid for patients
who had undergone emergency surgery as these
patients were excluded from our study. We acknowledge
that practice variation exists in other countries, which
may include blood pressure targets or the extent and
choice of vasopressors and inotropes. These factors may
influence the interpretation of our results. Whether or
not specific vasopressor or inotropic agents are associ-
ated with a higher risk of AKI could be evaluated in
future studies.

Strengths and limitations

One study strength is the multisite participation within
a tertiary hospital network, with broad representation
of noncardiac surgery types, which could improve gen-
eralizability. We used a multivariable model to allow for
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confounding variables, and more importantly we
accounted for vasopressor use, which most other stud-
ies did not. We incorporated the ASA classification into
the modeling, which a widely used risk assessment tool
for anesthetists, and almost all the information needed
to determine AKI risk can be found within the anes-
thetic charts and documents. We also limited follow-up
to 48 h postoperative, which we felt was relevant to
exclude postoperative AKI due to delayed complica-
tions unrelated to intraoperative hypotension, particular
sepsis complications.

In terms of limitations, there may be a selection bias
created by excluding patients with missing serum cre-
atinine. Patients undergoing elective plastics, otolaryn-
gology, maxillofacial, and orthopedic surgery may have
been underrepresented due to a higher proportion of
these patients being excluded due to inadequate data
to determine the primary outcome. Furthermore, these
excluded patients may represent a lower risk group for
AKI, given their lower ASA score and shorter duration of
surgery compared to patients who were included in the
analysis. In patients who did not have an admission bio-
chemistry test, the presence of preoperative AKI could
not be explicitly proven. However, patients with acute
illness would normally have elective surgery postponed.
Based on admission notes and anesthetist review, we
assumed that all patients who proceeded to surgery
were clinically well, and there was no reason to suspect
AKI on admission.

Our study was also limited by its observational
nature, including unclear causality inferences and
unmeasured confounding. Capturing data in 5-min
blocks may miss shorter episodes of hypotension and
we were not able to determine equivalent fluid resusci-
tation in both groups. We did not include urine output
data and may have underestimated the incidence of
AKI. We did not estimate the effect of relative blood
pressure reductions and relied on absolute thresholds.
However, a previous study established that associations
based on relative thresholds were not better than
absolute thresholds in risk assessment [14]. There is cur-
rently no uniform definition of intraoperative hypoten-
sion, and a systematic review found that the incidence
of AKI correlated with the definition of hypotension
used [30]. It was unclear if our thresholds were optimal
but seemed consistent with the larger studies previ-
ously conducted [16,30].

In this study of elective surgery patients, only 2% of
patients received preemptive invasive (intra-arterial)
blood pressure monitoring. Thus, our findings may not
be generalized to services who have a much higher pro-
portion of patients who receive invasive monitoring. We

did not specifically determine if patients transitioned
from noninvasive intermittent monitoring to invasive
continuous monitoring during surgery but relied on the
standard anesthetic chart for blood pressure recordings.

Conclusions

High doses of intraoperative vasopressor use were inde-
pendently associated with postoperative AKI in elderly
patients undergoing noncardiac surgery and showed a
stronger association with AKI than intraoperative hypo-
tension identified from standard anesthetic charts
recording blood pressure at 5min intervals, at a thresh-
old of MAP <60mmHg and SBP <90mmHg. The use of
vasopressor variables to predict postoperative AKI
needs to be validated but could improve our ability to
identify high risk individuals in the perioperative period.
For clinical practice, we suggest examining the anes-
thetic charts for vasopressor use when considering the
differential diagnosis of postoperative AKI, even if the
documented duration of hypotension appeared brief in
the charts. For future research, we recommend includ-
ing vasopressor variables in risk modeling for AKI to see
if they improve prediction.
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