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Summary
Intra-operative hypotension is associated with acute postoperative kidney injury. It is unclear how much
hypotension occurs before skin incision compared with after, or whether hypotension in these two periods is
similarly associated with postoperative kidney injury. We analysed the association of mean arterial pressure
< 65 mmHg with postoperative kidney injury in 42,825 patients who were anaesthetised for elective non-
cardiac surgery. Intra-operative hypotension occurred in 30,423 (71%) patients: 22,569 (53%) patients before
skin incision; and 24,102 (56%) patients after incision. Anaesthetised patients who were hypotensive had mean
arterial pressures < 65 mmHg for a median (IQR [range]) of 5.5 (0.0–14.7 [0.0–60.0]) min.h�1 before skin
incision, compared with 1.7 [0.3–5.1 [0.0–57.5]) min.h�1 after incision: a median (IQR [range]) of 36% (0%–84%
[0%–100%]) of hypotensive readings were before incision. We diagnosed postoperative kidney injury in 2328
(5%) patients. The odds ratio (95%CI) for acute kidney injury was 1.05 (1.02–1.07) for each doubling of the
duration of hypotension, p < 0.001. Postoperative kidney injury was associatedwith the product of hypotension
duration and severity, that is, area under the curve, before skin incision and after, odds ratio (95%CI): 1.02 (1.01–
1.04), p = 0.004; and 1.02 (1.00–1.04), p = 0.016, respectively. A substantial fraction of all hypotension
happened before surgical incision and was thus completely due to anaesthetic management. We recommend
that anaesthetists should avoid mean arterial pressure < 65 mmHg during surgery, especially after induction,
assuming that its associationwith postoperative kidney injury is, at least in part, causal.
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Introduction
Intra-operative hypotension is common. Sustained periods

of mean arterial pressures during surgery less than

65 mmHg, or lower, have been associated with

postoperative acute kidney injury [1–5]. Postoperative acute

kidney injury in turn is associated with an eightfold increase

in postoperativemortality [6].

Hypotension can occur at various times during

anaesthesia, with different causes and with varying

consequences. For example, administration of anaesthetic

drugs reduces sympathetic tone, decreases venous return

and positive pressure ventilation promotes hypotension.

Hypotension between anaesthetic induction and surgical

incision is a largely preventable consequence of

anaesthesia, although patient positioning may be a

contributing factor. In contrast, hypotension during

surgery may be more difficult to avoid as it is

multifactorial, resulting from blood loss, variation in

© 2018Association of Anaesthetists 1223

Anaesthesia 2018, 73, 1223–1228 doi:10.1111/anae.14416

mailto:


noxious stimuli, positioning and compression of major

vessels.

Investigators have largely described the overall

association between intra-operative hypotension and

outcomes, without distinguishing when the hypotensive

periods occurred.Wewere interested to knowwhat fraction

of intra-operative hypotension is directly associated with

anaesthesia before surgery and its consequences. We,

therefore, evaluated the association of postoperative kidney

injury with the duration and severity of hypotension before

and after surgical incision.

Methods
The Cleveland Clinic Institutional Review Board approved

this study and waived consent. We evaluated the

electronic medical records of adults, ASA physical status

< 5, who had inpatient non-cardiac surgery between

6 January 2009 and 31 September 2015 (Table S1).

We did not study patients whose operations were

shorter than 1 h, or if peri-operative serum creatinine and

arterial pressure measurements were unavailable. We did

not study patients with chronic kidney disease or eGFR

< 60 ml.min�1.1.73 m�2, missing baseline values,

inadequate arterial pressure data or patients having

urological procedures. We defined ‘inadequate arterial

pressure data’ as: measurements missing for at least 10

consecutive minutes; anaesthetic inductions < 5 min or

> 120 min; and fewer than five blood pressure readings per

hour of surgery. We defined ‘the post-induction period’ as

lasting until incision. We defined the postincision period as

lasting until completion of surgery, when the patient left the

operating room. Invasive pressures were recorded every

minute; non-invasive pressures were recorded every

1–5 min.

We excluded from analyses readings we defined as

artefact: readings documented as artefacts; systolic

arterial pressures ≥ 300 mmHg or ≤ 20 mmHg; mean

arterial pressures ≤ 10 mmHg or ≥ 250 mmHg; diastolic

pressures ≤ 5 mmHg or ≥ 225 mmHg; and changes in

mean arterial pressure ≥ 40 mmHg within 2 min or

≥ 60 mmHg within 3 min. We interpolated pressure

changes between measurements as linear.

We analysed hypotension as the cumulative duration of

mean arterial pressure < 65 mmHg [5]. We also analysed

the product of the duration of hypotension and its

difference from 65 mmHg, that is, area under the curve

(AUC). We defined acute kidney injury as an increase

in serum creatinine concentration > 26.5 lmol.l�1 or 1.5-

fold the pre-operative concentration, within seven post-

operative days [6, 7].

We did not calculate a sample size before analysing our

data. We used stepwise logistic regression models to

estimate the association of postoperative acute kidney

injury with hypotension, both duration and its product with

magnitude, between: anaesthetic induction and incision;

incision and completion of surgery; and anaesthetic

induction and completion of surgery. We adjusted the

models for: age; sex; ASA physical status; race; BMI; pre-

operative mean arterial pressure, creatinine concentration

and comorbidities; urgency, type and duration of surgery;

and anaesthetic induction agent and duration [8]. We

added and retained comorbidity variables to the model if

Figure 1 The selection of 42,825 patients in whomwe analysed the association of intra-operative hypotensionwith
postoperative acute kidney injury.
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Table 1 The pre-operative and intra-operative characteristics of 42,825 patients who underwent elective non-cardiac surgery,
categorised by whether postoperative acute kidney injury was diagnosed. Values aremean (SD), number proportion or median
(IQR [range]) .

Total
Postoperative acute kidney injury

p valuen = 42,825
No Yes
n = 40,497 n = 2328

Age; y 56 (15) 56 (15) 60 (14) < 0.001

BMI; kg.m�2 30 (9) 30 (9) 32 (9) < 0.001

Sex; female 24,543 (57%) 23,566 (58%) 977 (42%) < 0.001

Race

Caucasian 36,331 (85%) 34,441 (85%) 1890 (81%) < 0.001

AfricanAmerican 5265 (12%) 4892 (12%) 373 (16%)

Other 1229 (3%) 1164 (3%) 65 (3%)

ASAphysical status

1 684 (2%) 678 (2%) 6 (0.3%) < 0.001

2 13,840 (32%) 13,483 (33%) 357 (15%)

3 24,508 (57%) 23,095 (57%) 1413 (61%)

4 3793 (9%) 3241 (8%) 552 (24%)

MAP;mmHg 94 (10) 94 (10) 94 (11) < 0.001

Creatinine; lmol.l�1 0.8 (0.7-0.9 [0.1-1.7]) 0.8 (0.7-0.9 [0.1-1.7]) 0.8 (0.7-1.0 [0.1-1.5]) 0.004

Heart failure 1871 (4%) 1599 (4%) 272 (12%) < 0.001

Valvular heart disease 1917 (4%) 1737 (4%) 180 (8%) < 0.001

Pulmonary vascular disease 1303 (3%) 1131 (3%) 172 (7%) < 0.001

Peripheral arterial disease 3445 (8%) 3055 (8%) 390 (17%) < 0.001

Hypertension 21,708 (51%) 20,133 (50%) 1575 (68%) < 0.001

Paralysis 1124 (3%) 1040 (3%) 84 (4%) 0.002

Other neurological disease 4209 (10%) 3980 (10%) 229 (10%) 0.99

Chronic pulmonary disease 6842 (16%) 6366 (16%) 476 (20%) < 0.001

Diabetesmellitus 7734 (18%) 7004 (17%) 730 (31%) < 0.001

Hypothyroidism 5574 (13%) 5251 (13%) 323 (14%) 0.21

Renal failure 733 (2%) 594 (1%) 139 (6%) < 0.001

Liver disease 3071 (7%) 2749 (7%) 322 (14%) < 0.001

Lymphoma 935 (2%) 879 (2%) 56 (2%) 0.45

Cancer

Metastatic 3549 (8%) 3295 (8%) 254 (11%) < 0.001

Notmetastatic 6183 (14%) 5721 (14%) 462 (20%) < 0.001

Rheumatoid arthritis 1870 (4%) 1762 (4%) 108 (5%) 0.51

Coagulopathy 3045 (7%) 2512 (6%) 533 (23%) < 0.001

Obesity 10,693 (25%) 9917 (24%) 776 (33%) < 0.001

Weight loss 4071 (10%) 3450 (9%) 621 (27%) < 0.001

Fluid or electrolyte disorder 9261 (22%) 7966 (20%) 1295 (56%) < 0.001

Anaemia

Chronic blood loss 595 (1%) 541 (1%) 54 (2%) < 0.001

Other 5440 (13%) 4918 (12%) 522 (22%) < 0.001

Alcohol abuse 1130 (3%) 988 (2%) 142 (6%) < 0.001

Drug abuse 828 (2%) 756 (2%) 72 (3%) < 0.001

Psychoses 1999 (5%) 1851 (5%) 148 (6%) < 0.001

(continued)
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p < 0.20. The model for hypotension between incision and

completion of surgery was also adjusted for the duration of

hypotension between anaesthetic induction and incision.

We analysed the association of acute kidney injury with the

logarithm of the duration of hypotension. We assessed

multicollinearity with the variance inflation factor.We added

an unplanned analysis to explore the interactions of

hypotension with age and urgency of surgery. We

considered statistically significant two-tailed p < 0.05.

We used SAS version 9.4 (SAS Institute, Carey, NC, USA) for

the analyses.

Results
We analysed 42,825 patients (Fig. 1 and Table 1).

Hypotension occurred between anaesthetic induction and

the completion of surgery in 30,423 (71%) patients, 22,569

(53%) of whom were hypotensive before incision and

24,102 (56%) were hypotensive after incision (Table 2 and

Fig. 2). The duration of hypotension before and after

incision were moderately correlated, Pearson correlation

coefficient (95%CI) 0.38 (0.37–0.39), p < 0.001. We

diagnosed postoperative acute kidney injury in 2328 (5%)

patients. The duration and amount of hypotension was

associatedwith acute kidney injury (Fig. 3).

Discussion
We recorded mean arterial pressures less than 65 mmHg

after anaesthetic induction in half our patients. One-third of

hypotensive readings occurred before incision but

occurred four times more frequently than after incision.

Table 1 (continued)

Total
Postoperative acute kidney injury

p valuen = 42,825
No Yes
n = 40,497 n = 2328

Depression 7602 (18%) 7191 (18%) 411 (18%) 0.90

Operative

Emergency 1531 (4%) 1279 (3%) 252 (11%) < 0.001

Propofol induction 36,835 (86%) 34,937 (86%) 1898 (82%) < 0.001

Neuromuscular blockade 36,259 (85%) 34,238 (85%) 2021 (87%) 0.003

Colorectal resection* 4529 (11%) 4165 (10%) 364 (16%)

Knee arthroplasty* 3125 (7%) 3012 (7%) 113 (5%)

Hysterectomy* 2752 (6%) 2664 (7%) 88 (4%)

Gastric surgery* 2624 (6%) 2555 (6%) 69 (3%)

Hip arthroplasty* 2570 (6%) 2427 (6%) 143 (6%)

Hypotension:MAP<65 mmHg

Duration before incision;min 38 (29-49 [5-120]) 37 (29-49 [5-120]) 39 (30-54 [5-119]) < 0.001

Duration after incision;min 174 (126-247 [14-1145]) 172 (125-243 [14-1145]) 213 (141-337 [25-1001]) < 0.001

BMI, bodymass index; COPD, chronic obstructive pulmonary disease;MAP,mean arterial pressure.
*Only themost frequent five categories are listed (see Table S1).

Table 2 The rate and duration of intra-operative hypotension, defined as mean arterial pressures < 65 mmHg, in 30,423/
42,825 (71%) anaesthetised patients undergoing elective non-cardiac surgery. Values are median (IQR [range]).

Hypotensionmetric
Before incision After incision
n = 22,569 n = 24,102

DurationofMAP < 65 mmHg

min.case�1 4 (0–10 [0–89]) 5 (1–16 [0–545])

min.h-1 5.5 (0.0–14.7 [0.0–60.0]) 1.7 (0.3–5.1 [0.0–57.5])

Proportion of hypotensive duration 36% (0–84% [0–100%]) 64% (16–100% [0–100%])

AUCMAP < 65 mmHg

mmHg.min 14 (0–55 [0–1137]) 17 (2–71 [0–6350])

mmHgmin.h�1 23 (0–89 [0–1332]) 6 (1–23 [0–990])

AUC, area under the curve;MAP,mean arterial pressure.
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Hypotension during anaesthesia was associated with

postoperative acute kidney injury.

Intra-operative hypotension has been associated with

postoperative acute kidney injury and death in other

cohorts [6, 7]. Our results extend previous work by showing

that depth and duration of hypotension, both before and

after incision, were significantly associated with acute

kidney injury, which is consistent with limited data from

vascular surgery and emergency airway management

[9–13].

As with all retrospective observational analyses, we do

not know whether the association is causal, due to unknown

or unmeasured confounders. However, our analyses were

adjusted for the most important known risk factors. We

think that a causal association between anaesthetic-

induced hypotension and peri-operative harm should be

assumed until proven otherwise: the routine avoidance of

hypotension on induction of anaesthesia for carotid artery

surgery demonstrates that this is feasible. It is difficult to

determine whether hypotension at different times is

associated in different ways with postoperative kidney

injury. Hypotension after incision might or might not have

an independent association with acute kidney injury, as

with one method of analysis it did and with another it did

not. In any event, it is clear that hypotension soon after

anaesthetic induction – nearly all of which is consequent to

anaesthetic management – is strongly associated with

kidney injury.

In conclusion, one-third of hypotension during elective

non-cardiac surgery occurred before incision, when it was

four times as frequent as hypotension after skin incision.

Hypotension during surgery, before and after incision, was

significantly associated with acute kidney injury. We

recommend that anaesthetists should avoid hypotension,

especially when inducing anaesthesia.

Figure 2 The cumulative duration ofmean arterial
pressures < 65 mmHg recorded for 42,825 patients
undergoing elective non-cardiac surgery: A, before
incision; B, after incision.

Figure 3 TheOR (95%CI) for the associations betweendoubling of the duration of hypotension (MAP < 65 mmHg) during
anaesthesia and postoperative acute kidney injury, diagnosed in 2328 out of 42,825 patients after elective non-cardiac surgery.
Circles (bars) are theOR (95%CI). AUC, area under the curve;MAP,mean arterial pressure.
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Supporting Information
Additional supporting information may be found online in

the Supporting Information section at the end of the article.

Table S1. List of surgery types.

Table S2. Selected potential comorbidity variables from

logistic regressionmodel stepwise selection.

1228 © 2018 Association of Anaesthetists

Anaesthesia 2018, 73, 1223–1228 Maheshwari et al. | Hypotension during non-cardiac surgery

http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccsfactsheet.jsp
http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccsfactsheet.jsp

