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A common request from patients to anesthe-
sia professionals is to “take good care of me.” 
While we may confidently reply, “I will,” many 
anesthesia professionals may not be aware of 
the growing body of data relating intraoperative 
hypotension (IOH) with patient morbidity and 
mortality. Mounting evidence supports an asso-
ciation between IOH and negative postopera-
tive outcomes, most significantly acute kidney 
injury (AKI), myocardial injury after non-cardiac 
surgery, and mortality.1-9 Recent studies also 
show associations between IOH and delirium, 
stroke, and readmissions.1,4,9-11 The complica-
tions associated with IOH have far-reaching 
consequences for patients and the health care 
system. Acute kidney injury alone is associated 
with the development of further complications 
including stroke, myocardial injury, chronic 
kidney disease, and both in-hospital and one-
year mortality, as well as increased length of 
stay, health care resource utilization, and health 
care costs.4,12,13 Anesthesia professionals may 
be unaware of these alarming outcomes espe-
cially if they do not receive postoperative out-
comes data. Evidence suggests that we must 
reduce IOH to avoid patient harm. 

Intraoperative hypotension can be defined 
as the blood pressure (BP) below a “safe thresh-
old” leading to hypoperfused organs.1-9 The 
incidence of IOH varies depending on the defi-
nition used, which can involve both a reduction 
in blood pressure as well as the duration of the 
reduction. One study assessed the relationship 
between IOH and the outcomes of AKI and 
myocardial injury.2  They evaluated both a rela-
tive reduction from baseline (i.e., 20% below 
preoperative BP) and an absolute threshold to 
define IOH. They found that absolute and rela-
tive thresholds had comparable ability to dis-
criminate patients with myocardial or kidney 
injury from those without, thus suggesting an 
absolute threshold can be used. Mean arterial 
pressures (MAP) < 65 mm Hg lasting one 
minute were associated with an elevated risk of 
AKI and myocardial injury.2 The risk of develop-
ing AKI and myocardial injury increased with a 
longer duration of IOH.2 This discovery led to 
the definition of IOH as a MAP < 65 mm Hg for 
at least one minute.2 

A review of available literature on IOH pub-
lished from 2017 until late 2022, combined with 

relevant recent studies suggests that the most 
common definitions of IOH are any MAP < 65 
mm Hg1,4,6,10,14-18 or a MAP < 65 mm Hg for at 
least one minute.8,10,19-26 Using this absolute 
MAP threshold, IOH is surprisingly common. A 
recent retrospective observational multicenter 
study of over 22,000 patients reported 88% of 
noncardiac surgery patients experienced at 
least one episode of IOH with a mean duration 
of 28.2 minutes (Table 1).27 The authors noted 
significant practice variation in IOH manage-
ment across the eleven medical centers stud-
ied, suggesting differences in provider 
tolerance of IOH.27 

The Centers for Medicare and Medicaid Ser-
vices (CMS) recognizes a new IOH quality mea-
sure, defined as a MAP < 65 mm Hg for greater 
than 15 minutes, as a criterion in the Merit-
Based Incentive Payment System (MIPS).28 A 
lower overall IOH measure score indicates less 
time spent under the defined MAP.28 The MIPS 
score is totaled based on performance mea-
surements of quality, improvement activities, 
promoting interoperability, and cost. The 
ePreop31 measure is one of six anesthesia mea-
sures that can be submitted for the quality por-
tion of the MIPS score.28,29 The final MIPS score 
determines the payment adjustment applied to 
Medicare Part B claims.29 A recent study using 
the CMS MIPS definition of IOH found the inci-
dence of IOH in community anesthesia practice 
was 29% in noncardiac procedures.30 This 
study found varying IOH incidence among clini-
cians, adding to the body of evidence support-
ing the reduction of practice variation in IOH 
management.14,30,31 The authors considered 
IOH a modifiable risk and suggested pursuing 

quality improvement initiatives to reduce IOH 
tolerance.30 

A common theme, regardless of the IOH defi-
nition, is that more severe degrees of hypoten-
sion and a longer cumulative hypotension 
duration are associated with increased risk of 
patient morbidity and mortality. Numerous stud-
ies show a MAP < 65 mm Hg for extended peri-
ods of time, or any period of a MAP ≤ 55 mm Hg, 
is associated with a greater risk of negative out-
comes.1-3,9,16,17,32 Consequently, we simply should 
minimize the occurrence, severity, and duration 
of IOH.

Reducing IOH may be challenging when 
using traditional intermittent oscillometric BP 
(IOBP) monitoring with an arm cuff. Concerns 
with IOBP monitoring include delayed or 
missed detection of BP changes or hypotensive 
episodes, inaccuracy during hemodynamic 
extremes, and overestimation of BP during 
hypotension resulting in more severe episodes 
than realized.19,33 The potential for missed hypo-
tensive events with IOBP monitoring varies 
depending on the frequency of measurements 
chosen or the default setting on the physiologic 
monitor. One recent study found the most 
common frequencies of IOBP measurements 
chosen were every two to five minutes.25 These 
infrequencies allow for the undetected accu-
mulation of hypotensive minutes between mea-
surements, which may increase the patient’s 
risk of experiencing harm and may have been 
minimized with continuous monitoring.15,19,25 

New studies support using continuous BP 
monitoring, touting several benefits over IOBP, 

Table 1. Comparison of IOH incidence between four studies

IOH INCIDENCE (MAP < 65 MM HG)

Gregory1 Chiu6 Saasouh30 Shah27

Patients (n) 368,222 32,250 127,095 22,100

Duration of 
IOH

At least one 
reading

At least one 
reading

≥ 15 min ≥ 1 min ≥ 10 min

Patients with 
IOH 19.3% * 29% 88% 31%

Mean duration 
(min) 22 23.9 36.2 28.2

 
*Not indicated in the study.
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including less BP vari-
abi l i ty,16 improved 
hemodynamic stabil-
ity,33 detection of hypo-
tens i v e  ep i so des 
missed by IOBP,19 earlier 
recognition and treat-
ment of IOH,15,25 and 
overall reductions in 
IOH.15,19,25,33 Continuous 
BP monitoring may be 
accomplished inva-
sively with intra-arterial 
BP monitoring, but 
comes with risks, such 
as infection, nerve 
damage, thrombus, and 
pseudoaneurysm.25 
Continuous noninvasive 
BP monitoring with a 
finger cuff avoids the 
risks associated with 
invasive arterial lines while providing compara-
ble MAP values.25,33 Limitations of this technol-
ogy include additional costs compared to 
intermittent oscillimetry  and the potential for less 
accuracy in elderly patients or those with athero-
sclerosis.25,34,35 The noninvasive finger cuff 
described in recent studies employs volume 
clamp technology using varying cuff pressure 
over the finger arteries to maintain a constant 
volume.25,33 The finger arterial BP is recon-
structed to an arterial waveform, allowing for 
pulse wave analysis, which provides advanced 
hemodynamic variables (e.g., stroke volume, car-
diac output, stroke volume variation) useful for 
determining the cause of IOH.25 A noninvasive 
finger cuff can be an appropriate option for con-
tinuous BP monitoring when arterial blood sam-
ples are not needed during the surgical 
procedure.33 

Inappropriate fluid and vasopressor manage-
ment may cause organ hypoperfusion and lead 
to end organ injury, emphasizing the impor-
tance of intentional strategies to avoid these 
problems.1,3,6,7,12,32 Ariyarathna et al. described a 
relationship between high vasopressor use and 
postoperative AKI, independent of IOH.12 
Another study suggested that implementation 
of fluid restriction with their ERAS protocol was 
associated with significant increases in postop-
erative hypotension.31 In this study, those with 
postoperative hypotension also experienced 
significant IOH and received less total intraop-
erative fluids. In a recent five-year multicenter 
retrospective study among Multicenter Periop-
erative Outcomes Group (MPOG) institutions of 
over 32,000 abdominal surgery patients, 
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Clinicians Should Minimize the Occurrence, Severity,  
and Duration of IOH

increased AKI rates were observed despite an 
overall IOH reduction.6 Additionally, they dis-
covered a decline in intraoperative fluid admin-
istration and increased vasopressor use, both 
of which were associated with increased AKI 
incidence. When crystalloid administration 
increased from one to ten milliliters per kilo-
gram per hour (mL/kg/hr), they observed a 58% 
decrease in AKI risk. These poignant findings 
support the physiologic concept that relying on 
vasopressors to maintain BP while minimizing 
fluid administration may diminish already com-
promised splanchnic and renal perfusion, and 
potentially cause iatrogenic harm in the forms 
of ileus, postoperative nausea and vomiting, 
surgical site infections, and AKI.6,7,12,36 

The causes of IOH are multifactorial and 
include reduced myocardial contractility, vaso-
dilation, hypovolemia, bradycardia, extrinsic 
compression of heart chambers (e.g., pericar-
dial effusion or pneumothorax), or a “mixed 
type” explained by multiple hemodynamic 
alterations.8,18Using monitors that provide 
advanced hemodynamic variables (e.g., stroke 
volume, cardiac output, stroke volume varia-
tion) may be beneficial for preventing, diagnos-
ing, and treating hypotension.8 Interventions 
may then be targeted at the root cause of IOH 
using a goal-directed therapy (GDT) strategy, 
rather than simply improving the MAP number 
displayed on the physiologic monitor. 

The term GDT may be conceptualized as an 
umbrella term describing the optimal adminis-
tration, at the most appropriate time, of fluids, 
inotropes, and vasopressors using an 

advanced hemodynamic monitor. Intraopera-
tive interventions within a GDT strategy are 
aimed at specific endpoints or goals to optimize 
tissue oxygen delivery and prevent organ hypo-
perfusion (Figure 1).5,17 The hemodynamic moni-
tor is used to assess patient responsiveness to 
these interventions. Goal-directed fluid therapy 
(GDFT) was the first and the most commonly 
known iteration of the modern GDT concept. 
The advanced hemodynamic monitor is used to 
identify preload dependence, aid in the deci-
sion to treat with fluid bolus(es) to optimize a 
patient’s position on the Frank-Starling curve, 
and then assess for fluid responsiveness.7,17 The 
2020 Perioperative Quality Initiative (POQI) 
consensus statement on fluid management 
affirmed the safest and most effective method 
for guiding fluid therapy is to assess for fluid 
responsiveness.7 Further, optimizing SV with 
fluids leads to better gastrointestinal perfusion 
and fewer complications, suggesting the impor-
tance of adequate circulating volume and gut 
perfusion.36 Goal-directed hemodynamic ther-
apy (GDHT), another component of GDT, 
improved the original GDFT strategy by incor-
porating the maintenance of MAP to avoid IOH 
into the protocol.17 GDT strategies incorporating 
hemodynamic optimization are associated with 
significant reductions in morbidity and mortal-
ity.5,11,32 Figure 1 depicts the modern GDT con-
cept encompassing the components of its first 
iteration of GDFT, then GDHT, which incorpo-
rates the entire picture of perfusion. 

Goal-directed therapy GDT

GDFT

SV SVV

MAP

Cl SVR SV SVV

GDHT
(includes BP)

VasopressorsInotropesFluids Fluids

Strategy

Intervention

Hemodynamic 
values assessed
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Figure 1. Depiction of the components of a GDT strategy, resulting from a conceptual merging of GDHT and GDFT strategies, along with 
hemodynamic values guiding specific targeted interventions. 

GDT: Goal-directed therapy; GDHT: Goal-directed hemodynamic therapy; GDFT: Goal-directed fluid therapy; SV: Stroke volume;  
SVV: Stroke volume variation; CI: Cardiac index; SVR: Systemic vascular resistance; MAP: Mean arterial pressure



APSF NEWSLETTER June 2024 PAGE 3

©2024 Anesthesia Patient Safety Foundation.  All rights reserved. Reprinted with permission from Anesthesia Patient Safety Foundation.   
Copying, use and distribution prohibited without the express written permission of Anesthesia Patient Safety Foundation.

(e.g., GDT protocol), rather than treating the 
number on the monitor with vasopressors. IOH 
is a modifiable risk that we simply should not  
continue to tolerate.  
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Figure 2. Suggested next steps for anesthesia professionals. The figure  incorporates recently published consensus 
recommendations and best practices from the APSF to help achieve the goal of minimizing IOH and associated 
patient harm.39  

AKI: acute kidney injury; IOH: intraoperative hypotension.
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