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Catecholamine-Sparing Effect of Angiotensin II in an 
Anephric Patient With Mixed Shock After Cardiac 
Revascularization Surgery: A Case Report
Nathan S. Cutler, MD, CDR, MC, USN,* and Ashish K. Khanna, MD, FCCP, FCCM*†  

Vasodilatory shock is common following cardiac surgery, caused by an inflammatory response 
to cardiopulmonary bypass (CPB). Some cases are refractory to volume resuscitation, high-
dose catecholamines, arginine vasopressin, and established adjunctive therapies. Angiotensin 
II (ANG-2), an endogenous hormone in the renin–angiotensin–aldosterone system (RAAS), has 
several direct and indirect vasoconstrictive properties that make it a promising potential treat-
ment. This case describes the successful use of ANG-2 in an anephric patient who suffered from 
severe refractory shock following CPB, offering a unique potential mechanism of benefit in a 
broader population of patients with baseline impaired RAAS. (A&A Practice. 2020;14:e01266.)

GLOSSARY
ACE = angiotensin-converting enzyme; ANG-2 = angiotensin II; ATHOS = Angiotensin II for the 
Treatment of High-Output Shock; AVP = arginine vasopressin; CAD = coronary artery disease; CI = 
cardiac index; CPB = cardiopulmonary bypass; CVP = central venous pressure; EPI = epinephrine; 
HIPAA = Health Insurance Portability and Accountability Act; M = methylene blue 2 mg/kg given; 
MAP = mean arterial pressure; mPAP = mean pulmonary artery pressure; NE = norepinephrine; 
POD = postoperative day; RAAS = renin–angiotensin–aldosterone system; SVR = systemic vascu-
lar resistance; TEE = transesophageal echocardiography

Hypotension is common following cardiac surgery, 
affecting up to 20% of patients postoperatively.1 
Typically, this is a vasodilatory shock, caused by a 

systemic inflammatory response to extracorporeal circula-
tion during cardiopulmonary bypass (CPB). When severe, 
it may lead to cell ischemia, organ injury, and death.2 As 
with other causes of vasodilatory shock, the mainstays of 
therapy are volume resuscitation, catecholamine vasopres-
sors, and arginine vasopressin (AVP).1,2 When these fail to 
restore blood pressure, adjunctive therapies such as methy-
lene blue, hydroxocobalamin, and hydrocortisone are com-
monly used. However, in rare cases, post-CPB vasoplegia is 
resistant even to high doses of vasopressors and adjunctive 
therapies. No proven strategies are available to address this.

Angiotensin II (ANG-2) modulates aldosterone and 
plasma volume via the renin–angiotensin–aldosterone 
system (RAAS) and has direct arterial and venous vaso-
constriction activity.3 The Angiotensin II for the Treatment 
of High-Output Shock (ATHOS-3) trial found that ANG-2 
effectively increased blood pressure in patients with 

vasodilatory shock poorly responsive to other vasopres-
sors.4 Although primarily covering septic shock, 19 patients 
with postoperative vasoplegia were included. Target mean 
arterial pressure (MAP) was achieved in 9 of 10 in the 
ANG-2 group compared to 0 of 9 in the placebo group.5 
Separately, ANG-2 is described for post-CPB vasoplegia in a 
small number of case reports.6,7

There is a physiologic basis for use of ANG-2 following 
CPB; as the pulmonary circulation is bypassed, angiotensin 
I cannot be catalyzed to ANG-2 by angiotensin-converting 
enzyme (ACE), which is primarily found in the lungs.2 
Inflammation may also deplete or inhibit ACE, leading to 
further endogenous ANG-2 deficiency.8 This article describes 
the effective use of ANG-2 as a catecholamine-sparing agent 
in an anephric patient, with refractory, multifactorial shock 
following CPB, and his subsequent complicated postop-
erative course. Written Health Insurance Portability and 
Accountability Act (HIPAA) authorization was obtained 
from the patient’s spouse.

CASE DESCRIPTION
A 70-year-old man with a history of bilateral nephrectomies 
due to renal cell carcinoma was diagnosed with diffuse 
obstructive coronary artery disease (CAD) during the workup 
for a renal transplant. He performed renal replacement ther-
apy at home using nightly peritoneal dialysis and suffered 
chronic hypotension, typically 90s/60s mm Hg, for which he 
was prescribed fludrocortisone. He occasionally experienced 
symptoms consistent with orthostasis and did not believe that 
the fludrocortisone was effective for this. He was referred for 
surgical management of CAD to facilitate renal transplant and 
underwent 5-vessel coronary artery bypass graft.



Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
2   cases-anesthesia-analgesia.org a & a pRaCtICe

 

Preoperatively, the patient’s hemoglobin was 10.2 mg/dL,  
platelets were 243 × 109/L, and prothrombin time was  
9.7 seconds (reference range: 8.9–12.1 seconds). CPB time 
was 118 minutes, and aorta cross-clamp time was 88 min-
utes. Transesophageal echocardiography (TEE) demon-
strated normal biventricular function preoperatively and 
postoperatively. The case was complicated by persistent 
mild hypotension requiring low-dose vasopressors. After 
arrival to the intensive care unit, his hypotension rapidly 
worsened, requiring norepinephrine (NE) titration to 0.625 
µg/kg/min within the first 30 minutes, with a serum lactate 
of 8.72 mmol/L (reference: 0.36–1.25 mmol/L). Chest tube 
output in the first hour was 210 mL. In addition to aggres-
sive fluid resuscitation, he was given 3 units of packed red 
blood cells to maintain goal hemoglobin >8 mg/dL, plus 1 
unit of platelets for hemostasis. A second postoperative TEE 
showed a small focal peritoneal versus pericardial fluid col-
lection, without evidence of tamponade. Cardiac index (CI) 
at that time was 2.8 L/min/m2, filling pressures remained 
low, and chest tube output was approximately 50 mL/h. He 
was atrially paced using epicardial wires at 100 beats per 
minute. Despite adjunctive therapies including methylene 
blue 2 mg/kg and continuation of stress dose hydrocortisone 
begun preoperatively, by hour 4, he continued to require NE 
0.25 µg/kg/min, epinephrine (EPI) 2 µg/min, and AVP 0.06 
units/min to maintain MAP >65 mm Hg (Figure A and B).  
His systemic vascular resistance (SVR) at that time was  
650 dyne *s/cm5, consistent with vasoplegia (Figure C). 
ANG-2 became available for use. This was initiated at 
10 ng/kg/min and increased to 15 ng/kg/min, allowing 
other vasopressors to be titrated downward. Within 30 min-
utes of initiating ANG-2, NE was reduced to 10 µg/min 
(0.08 µg/kg/min), AVP was reduced to 0.04 units/min, and 
EPI was discontinued (Figure A).

After 2 hours on stable vasopressors, he suffered an 
acute rise in central venous pressure (CVP) and decreasing 
CI (Figure D–F). Chest tube output stopped, after a total of 
510 mL over 8 hours. A third postoperative TEE clarified the 
previously identified fluid collection to be pericardial, now 
moderate in size and impairing left atrial filling. EPI was 
restarted at a low dose for inotropic support. The patient 
was taken emergently for resternotomy, and pericardial 
blood was evacuated with subsequent improvement in 
CVP and CI. Vasopressors were titrated downward over the 
next 1–2 days. Attempts to wean ANG-2 were associated 
with decreasing SVR, requiring an increased dose of NE to 
maintain MAP >65 mm Hg (Figure A–C). All vasopressors 
were off by postoperative day (POD) 2 from resternotomy 
(Figure A).

Following discontinuation of vasopressors, the patient 
remained intubated due to poor mental status. On POD 
3–4 from resternotomy, he developed a new intermittent 
requirement for low-dose NE and progressive abdominal 
distension, with imaging consistent with ischemic bowel 
due to hypotensive injury. Emergency laparotomy was 
performed, with 200 cm of small bowel resected and left 
in discontinuity. Anastomosis and abdominal closure were 
undertaken the following day. As hypotension and mental 
status subsequently improved, he was extubated POD 3 
from abdominal closure and discharged from the hospital 
on POD 18 from his original procedure.

DISCUSSION
As experienced in this case, post-CPB vasoplegia can be 
refractory to fluid resuscitation, vasopressors, and adjunc-
tive therapies. Treatment carries significant adverse 
potential, specifically end-organ injury from peripheral 
vasoconstriction with high-dose NE and AVP.2,3 Excess 
resuscitative fluids can also be problematic, as they cause 
congestive organ dysfunction, particularly in an anephric 
patient. Adjunctive therapies, while supported by evidence 
of varying quality, are not always sufficient to restore blood 
pressure.1,2 Methylene blue and hydrocortisone were not 
adequate in this case.

At the cellular level, impaired vascular tone after CPB 
occurs in a cascade physiologically similar to sepsis, with 
depletion of endogenous vasopressors including ANG-2.1,2 
Relative ANG-2 deficiency, associated in laboratory studies 
with increased shock and mortality in sepsis, may further 
result specifically from CPB.2,8 For this patient, an additional 
contributor to ANG-2 deficiency is the loss of renin produc-
tion and downstream effects in the RAAS after bilateral 
nephrectomies.9 Extremely low plasma renin activity can 
occur in anephric patients, particularly those with chronic 
hypotension.10 Angiotensin produced by other mechanisms 
contributes to long-term compensation in anephric patients.11 
However, they may adapt slowly to significant fluid shifts, 
perhaps due to lack of renin stimulus.9 Slow adaptation of 
the RAAS to CPB is a potential predisposing factor for post-
CPB vasoplegia, which supported the care team’s request for 
ANG-2 as he presented with shock, although laboratory val-
ues for renin and angiotensin were not available.

Frequently, postoperative hypotension is multifacto-
rial, and this case was complicated by cardiac tamponade. 
Persistently low SVR before development of tamponade 
and following surgical treatment supported vasoplegia as 
the primary driver of his hypotension. Overall, the case sup-
ports ANG-2 as a rescue therapy in the treatment of post-
CPB shock. While early trials and case reports for ANG-2 
use up to 40 ng/kg/min,3,6,7 this patient required only 
15 ng/kg/min to reach target. Despite the lack of serum 
renin measurements on this patient, his immediate response 
to ANG-2, by blood pressure and background vasopressor 
changes, provides surrogate evidence to an impaired RAAS 
state. Potentially, ANG-2 may provide a similar benefit for 
the broader population of patients with impaired RAAS at 
baseline, though this remains to be studied.

Correlation is not suspected between the use of ANG-2 
and this patient’s complications, including cardiac tam-
ponade, poor mental status, and bowel ischemia. His 
poor mental status was attributed to operative sedation 
with impaired renal clearance (bilateral nephrectomy) and 
impaired hepatic clearance (mild shock injury). ANG-2 
does have a prothrombotic effect at receptors in certain cell 
types including the vascular endothelium; thus, thrombo-
sis is a potential concern.12 Based on imaging, the ischemic 
bowel was more likely from shock and very high-dose 
vasopressors before initiating ANG-2 than a thrombotic 
event. It is unknown whether decreasing the dose require-
ment for catecholamines and AVP by adding ANG-2 pro-
duces a “safer” type of vasoconstriction than higher doses 
of NE and AVP alone. Intestinal ischemia is described in 
a case report of a patient receiving ANG-2 for shock due 
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to aortic dissection and sepsis13 but was not significantly 
greater in patients who received ANG-2 in the ATHOS-3 
trial, occurring in 1 of 163 patients versus 3 of 158 who 
received placebo.4 It is possible that having the drug sooner 
in this postoperative course could have prevented severe 
shock or ischemia secondary to high-dose NE and AVP.

Prospective studies are necessary to clarify the most 
appropriate use of ANG-2 in the treatment of vasoplegia 
and multifactorial shock following CPB. This unique clini-
cal scenario in the management of post-CPB refractory 
shock supports the potential use of ANG-2 in a patient with 
impaired RAAS. If available sooner in the postoperative 
course, it could prevent excess fluid administration, miti-
gate adverse effects from high-dose catecholamines, and 
spare the use of costly and sometimes ineffective adjuncts, 
which each carry their own risk.
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Figure.  Vasopressor titration and hemodynamics, postoperative hour 0–60. Each horizontal tick mark is 1 h. A, Vasopressor doses over time. 
*Intravenous hydrocortisone 100 mg given. †Return to operating room for management of tamponade. B, MAP. C, SVR. D, CVP. E, mPAP. F, CI. CI 
indicates cardiac index; CVP, central venous pressure; M, methylene blue 2 mg/kg given; MAP, mean arterial pressure; mPAP, mean pulmonary 
artery pressure; SVR, systemic vascular resistance.
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