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Introduction
• Preexisting hypertension is the most common 

medical reason for postponing surgery 

• As much as 80% of patients having cardiac 
surgery have peri-operative hypertension

• Hypertension is well known to be a risk factor for 
cardiovascular catastrophe, a risk that logically 
extends into the peri-operative period 

• Nearly 1% of planned operations are cancelled at 
the last minute.

• Hypertension increased peri-operative 
cardiovascular complications by 35%



Introduction
• Acute hypertension is common after major 

surgery and may be associated with an increased 
risk of serious cardiac and neurologic, 
complications. 

• Hypertensive urgencies, and emergencies, occur in 
approximately 50% of patients during and 
immediately after cardiac surgery. 

• The goal of controlling peri-operative 
hypertension is to protect organ function, and is 
currently recommended based on the assumption 
that the risk of complications will be reduced and 
outcomes improved.



Perioperative risk stratification for 
noncardiac surgery: scope of the problem

> 30 million non-cardiac surgeries/year 
(including 400,000 vascular procedures)

> 1 million of these patients have CAD

> 2-3 million have multiple risk factors for 
CAD

> 4 million are over 65 years of age

> 1 million patients develop post-op 
complications/death



Major cardiac complications in pts undergoing 
noncardiac surgery

• Any major cardiac complication 2.1%*
– VF/cardiac arrest 0.3%

– Acute MI 1.1%

– Pulmonary edema 1.0%

– Complete AV block 0.1%

• Cardiac death 0.3%

• Total cardiac and noncardiac mortality 1.0%

* ~ 6% in vascular surgical pts.



ASA Physical Status
Description Examples Mortality

I Healthy DJD, Glaucoma <0.03%

II Asymptomatic systemic 

disease

Hypertension,

diabetes
0.2%

III Symptomatic systemic 
disease

Stable angina, 

chronic renal 

insufficiency

1.2%

IV Systemic disease - constant 

threat to life

COPD on home 02, 

Class III CHF
8%

V Will die within 24 hours 

without surgery

Ruptured AAA 34%

VI Brain dead organ donor



Adverse Consequences of
Uncontrolled Hypertension

• Postsurgical

– Hemorrhage

– Suture line disruption

– Aortic dissection

• End Organ Injury

– Myocardial ischemia

– Stroke

– Renal failure

• Pulmonary Edema



Risk of Cardiac Complications Based on 
Type of Surgery

• High (>5%)
• Major aortic, peripheral vascular surgery

• Emergent major surgery

• Long case - large fluid shifts, blood loss

• Intermediate (<5%)
• Carotid, head, neck

• Abdominal, thoracic, pelvic

• Orthopedic

• Low (<1%)
• Endoscopic, skin, breast



Clinical Predictors of Increased Peri-
operative Cardiovascular Risk

 Major

– Unstable coronary syndromes

– Decompensated CHF

– Significant Arrhythmias

 Intermediate

– Mild angina pectoris

– Prior MI

– Compensated or prior HF

– Diabetes Mellitus (particularly 
taking insulin)

– Renal insufficiency

 Minor 

– Advanced Age.

– Abnormal ECG.

– Rhythm other than 
sinus.

– Low functional capacity.

– History of stroke.

– Uncontrolled 
systemic 
hypertension



Definitions
Stage 1 hypertension:

• Clinic blood pressure (BP) is 140/90 mmHg or higher and
• ABPM or HBPM average is 135/85 mmHg or higher.   

Stage 2 hypertension: 

• Clinic BP 160/100 mmHg or higher and
• ABPM or HBPM daytime average is 150/95 mmHg or higher.

Severe hypertension: 

• Clinic BP is 180 mmHg or higher or
• Clinic diastolic BP is 110 mmHg or higher.

White-coat effect: 
• A discrepancy of more than 20/10 mmHg between clinic 

and average daytime ABPM or average HBPM blood 

pressure measurements at the time of diagnosis



Uncomplicated Severe HTN

Hypertensive Crises

 urgencies

 emergencies

Classification of Severe Hypertension



Acute Peri-operative hypertension(APH)

• APH is defined as significant elevation of blood pressure in the 
immediate postoperative period. 

• Although no standardized definition exists to define APH, an 
increase of SBP by >20% or DBP >110 mm Hg are in non-cardiac 
surgery and BP >140/90 mmHg or a mean arterial pressure >105 
mmHg in cardiac surgery 

• APH is more commonly encountered with cardiothoracic, 
vascular, head and neck and neurosurgical procedures.

• Untreated postoperative hypertension is associated with an 
increased risk of cardiovascular, neurologic or surgical site 
complication.

• Blood pressure in APH should be decreased gradually over 30 –
60 mins by not more than 25% or to a target value 



Factors in the Development of
Acute Hypertension

PACU

Pain

Anxiety

Distended 
Bladder

Hypervolemia

Vasoconstriction

ER/CC

Myocardial Ischemia

Hypercarbia/

Hypoxemia

Reduced organ 
perfusion

-Renal

-Cerebral

OR

Vascular clamping 
(afterload)

Hyperdynamic 
Myocardium

Malignant

Hyperthermia

Diastolic Dysfunction



Etiology of Hypertension

• Intubation hypertension

• Inadequate anesthesia

• Hypercapnia

• Hypoxemia

• Pharmacological adjuvants

• Phaeo-chromocytoma

• Bladder distension

• Extubation hypertension

• PIH



Hypertension In Cardiac
Surgical Patients (1)

• Patients normotensive may become 
hypertensive.

• Most BP changes develop acutely and 
require rapid intervention.

• Characterized by systemic vasoconstriction 
with intravascular hypovolemia.

• Patients may have pre-op biventricular 
dysfunction.



Hypertension In Cardiac
Surgical Patients (2)

• BP may be maintained at lower levels to 
avoid graft/suture line disruption.

• Patients are being “Fast Tracked.”

• Mechanical manipulation, suturing with 
potential risk for coronary/IMA spasm.

• Ventricular dysfunction is common in 
patients with normal pre-op function due 
to stunning/reperfusion injury.



Hypertension & Surgery:

What we Don’t Know
• Is hypertension as an independent risk factor?

– “plagued by much uncertainty”

• Does delaying reduce peri-operative risk?

– “unclear”

• Risk of isolated systolic hypertension?

– “uncertain”

• Confirming diagnosis: multiple vs single BP 

reading?

– “not yet assessed”



Forrest plot for risk of peri-operative cardiovascular 

complications in hypertensive and normotensive patients

Howell et al., British Journal of Anesthesia, 2004, 92:570-83



Intra-operative Hypertension is Associated 
with Negative Surgical Outcome

POSSUM Score No high SBP High SBP

< 15 9/95 (9.5%) 11/47 (17%)

16-18 5/33 (15.2) 8/43 (18.6%)

19-23 7/41 (17.1%) 11/40 (27.5%)

>23 10/34 (29.4%) 24/55 (43.6%)

Non-Cardiac Surgery, SBP>160 mm Hg

Possum: Physiological and Operative Severity Score and enUmeration of Mortality
NSO: Hospital stay of > 10 days with morbid condition or death



Incidence of Peri-operative Hypertension 
in Neurosurgical Patients

Study Definition of 
HTN

Incidence of 
acute HTN 
n/N, (%)

Study description  

Gibson B, Clin Pharm
Ther, 1988 

SBP > 20% 40/44 (91) Esmolol vs. Placebo; Rescue: 
Labetalol/Hydralazine

Muzzi D, Anest
Analg1990

SBP > 20% 50/55 (91) Labetalol vs. Esmolol; Rescue: 
Nitroprusside

Kross R, Anesth Analg
2000

SBP > 140 mmHg 44/44 (100) Enalapril + Nicardipine vs. 
Labetalol

Bekker A, Anesth
Analg 2008

SBP > 130 mmHg 48/56 (86) Labetalol/Hydralazine vs. 
Dexmedetomidine

Bilotta F, J Clin Aneth
2008

SPB > 20% 49/60 (82) Esmolol

Bekker A, J Neur
Anesth, 2010

SBP>130 mmHg 21/22 (95) Clevidipine



Management

• Pre-anesthetic evaluation

• Peri-operative risk reduction

• Premedication

• Balanced anesthesia

• Proper monitoring

• Parenteral medications



Peri-operative risk reduction

• Effective control of blood pressure

• Anti Hypertensive drug therapy

• Hydration

• Choice of anesthetic agent

• Adequate analgesia

• Miscellaneous



Principles of drug treatment

• There is a close relationship between BP and 
outcome in peri-operative care based on abundant 
non-randomized studies. 

• Maintaining a higher BP compared with a lower BP 
does not lead to worse outcomes and on the contrary 
may lead to improved outcomes, based on 3 RCTs 
performed in noncardiac surgical patients and 5 RCTs 
conducted in cardiac surgical patients. 

• In contrast to the management of chronic 
hypertension in primary care, BP management in 
peri-operative care needs to be personalized.



Principles of drug treatment

• Adequate blood pressure control must be 
maintained in all three peri-operative 
(pre, intra and postoperative) settings, as 
its instability is associated with multiple 
adverse events. 

• Careful assessment of the adequacy of 
chronic blood pressure control and early 
identification of target organ damage is 
paramount.



Principles of drug treatment

• The determination of BP targets in 
peri-operative care needs to take 
the type of surgery, patient’s 
baseline BP, and risks of 
hypotension-related organ ischemia 
and hypertension-related bleeding 
into consideration, as a minimum. 



AHA/ACC guidelines

• Stage I and II hypertension are not 
independent risk factors for 
cardiovascular complications

• Severe hypertension (SBP >179 mmHg 
and/or DBP >110 mmHg should be 
controlled prior to OR

• Continue anti-hypertensive meds in 
peri-operative period



Management of HTN in Pre-Op patients

• Patients who are taking chronic anti-hypertensive 
medications should continue taking medication 
until the time of surgery.

• The ideal circumstance is to normalize blood 
pressure (eg, to less than 140/90 mmHg) for 
several months prior to elective surgery. 

• BP < 180/110 mmHg showed no difference in 
peri-operative outcome and may proceed to 
surgery safely

• Studies found DBP over 110 mmHg immediately 
before surgery is associated with a number of 
complications including dysrhythmias, myocardial 
ischemia and infarction, neurologic 
complications, and renal failure 



Recommendations
Class of drug Clinical considerations Recommendations 

Beta blockers Withdrawal can result in 
tachycardia, hypertension and 
ischemia. Bradycardia

Possibly prevents 
postop ischemia: 
continue 

Alpha 2 agonists Withdrawal can cause extreme 
hypertension and ischemia

Continue 
throughout periop
period

CCB Withdrawal tachycardia. 
Bradycardia

Continue

ACE-I and ARBS Hypotension. 

Possible renoprotection

Continue if only 
anti-HTN; in general 
stop

Diuretics Hypovolemia, hypotension, K 
derrangements

Hold day of surgery



Perioperative Therapy

Perioperative Beta-Blocker Therapy
Recommendations COR LOE

Beta blockers should be continued in patients 
undergoing surgery who have been on beta blockers 
chronically. 

I BSR

It is reasonable for the management of beta blockers 
after surgery to be guided by clinical circumstances, 
independent of when the agent was started. 

IIa BSR

In patients with intermediate- or high-risk myocardial 
ischemia noted in preoperative risk stratification tests, 
it may be reasonable to begin perioperative beta 
blockers. 

IIb CSR

In patients with 3 or more RCRI risk factors (e.g., 
diabetes mellitus, HF, CAD, renal insufficiency, 
cerebrovascular accident), it may be reasonable to 
begin beta blockers before surgery. 

IIb BSR



Preoperative Therapy with B-
Blockers

• Start pre-op, titrate to HR<60 bpm

• Short acting beta-blockers provide more flexible 
dosing

• Give orally, if possible, with IV supplementation 
when patient NPO



31

Beta-Blocker Withdrawal

Hoeks et al. Eur J Vasc Endovasc Surg 2006



ACE Inhibitors?

• Greater hypotension at induction

– recommend stopping
• Bertrand, et al. — Anesth Analg 92: 26, 2001

• Comfere, et al. — Anesth Analg 100: 636, 2005

Hypotension mild
– Comfere, et al. — Anesth Analg 100: 636, 2005

Benefits: cardioprotection, renal function, 
sympathetic responses

– recommend continuing
– Pigott, et al. — Br J Anaesth 83: 715, 2000



Management of ACE-I & ARB in peri-
operative period

• Findings suggest that continuing ACE-I/ARB up to the 
time of surgery increases peri-operative hypotension, 
but possibly reduces the incidence of postoperative 
hypertension. 

• While the data do not lead to clear recommendations, 
continuing ACE-I/ARB in patients who are taking them 
for the management of hypertension. 

• Substitution of shorter acting drugs (eg captopril) may 
allow more flexibility for patients with post-operative 
labile blood pressure. 

• It would be reasonable to withhold ACE inhibitors one 
dose interval before surgery in patients who are taking 
them for heart failure, particularly if the baseline blood 
pressure is low, to avoid significant hypotension



Management of HTN in Post-Op patients

• Any patient who experiences a marked rise in 
blood pressure following surgery should be 
treated. 

• Remedial causes of hypertension such as pain, 
agitation, hypercarbia, hypoxia, hypervolemia, 
and bladder distention should be excluded or 
treated. 

• Patients on chronic antihypertensive therapy 
should resume their usual medications 
postoperatively as needed. 

• Those who cannot take oral medications should 
be given a comparable alternative.



Management of HTN in NPO Post-
Operative patients

• Patients taking beta blockers may be given 
parenteral propranolol, labetalol, or 
esmolol.

• Patients taking an ACE inhibitor may be 
given parenteral enalaprilat. 

• Patients taking centrally acting agents can 
be given a clonidine patch. 

• Patients taking calcium channel blockers 
can be given intravenous nicardipine

• Patients taking diuretics may be given 
parenteral furosemide or bumetanide



Treating Severe Hypertension

• Sedation will not reduce CVS risk

• Rapid treatment may also increase risk

• If deferred

– for how long?

– little evidence that outcome is improved

• Need to consider risks & benefits of 
surgery

– cancer versus non-urgent



The Ideal Agent
• Treats underlying patho-physiology

• Rapid onset/offset of action

• Predictable dose response

• Minimal dosage adjustments

• Minimal adverse effects

• No increase in ICP

• No coronary or cerebral steal

• Easy transition to oral formulation 

• Cost-effective



Common Vasodilators

Intravenous Agents for Hypertensive Emergencies

Agent Onset Duration Disadvantages

Cyanide,

Thiocyanate
1-2 min

3-5 min

5-10 min

3-8 hrs

1-4 hrs

6 hr

Immediate

2-5 min

<5 min

10-20 min

5-15 min

15-30 min

Nitroprusside

Nitroglycerin

Fenoldopam

Hydralazine

Nicardipine

Enalaprilat

Advantages

Tolerance, 
Variable Efficacy

Increased IOP

Tachycardia, 
Headache

Avoid in CHF or 
Cardiac Ischemia

Avoid in MI

Potent, Titratable

Coronary 
Perfusion

Renal Perfusion

Eclampsia

CNS Protection

CHF, Acute LV 
Failure

Modified from the 6th Joint National Commission Reports, NIH, 1997



Adrenergic Antagonists

Intravenous Agents for Hypertensive Emergencies

Agent Onset Duration Disadvantages

Beta Blocker
Effects

Heart Block,
Acute CHF

3-6 hrs

3-10 min

10-20 min

5-10 min

1-2 min

2 min

Labetalol

Phentolamine

Esmolol

Modified from the 6th Joint National Commission Reports, NIH, 1997

Advantages

Tachycardia

Beta Blocker
Effects 

Heart Block,
Acute CHF

Combines Beta 
Blockade With 

Vasodilation

Catecholamine
Excess

Aortic Dissection, 
Perioperative



Effect of Antihypertensive Drugs on ICP

Before
hypotension,
mm Hg

After 
hypotension, 
mm Hg

Nitroprusside 16 + 2 28 + 3 Cottrell, J Neurosurg, 
1978

Nitroglycerine 14 + 1 31 + 1 Gupta, J Neurosurg, 
1980

Hydralazine 12 + 1 24 + 1 Van Aken, Anaesth, 
1982

Nifedipine 19 + 7 22 + 6 Tateishi, J Neurosurg, 
1988

Nicardipine 11 + 2 10 + 2 Gaab, Br J Clin
Pharm,
1985

Labetalol 12 + 6 9 + 3 Orlowski J, Crit Car
Med 1988



Odds Ratios for AKI, Cardiac Complications and 
MI by time spent with MAP < 55 mmHg



“A man is as old as his arteries”

Sir William Osler



Adverse events are higher with isolated 
systolic blood pressure HTN, than with 

diastolic blood pressure HTN

Systolic Blood Pressure



Take Home Message
• Increased BP lability and greater absolute 

decreases in intra-operative BPs 

• Past severity of HTN predicted new hypertensive 
events better then pre-op values

• Peri-operative cardiac complications were greatly 
correlated with cardiac risk factors and not 
hypertensive disease 

• No significant risk provided DBP < 110 mmHg and 
intra-operative and post-operative 
hypo/hypertension was monitored and treated 

• More research, especially quality outcome-
oriented RCTs, is urgently needed.



“Doctors pour drugs of which they 
know little, for disorders of which 

they know less, into patients of 
which they know nothing.”

Voltaire

Conclusion




