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Abstract: Hypotension during kidney transplantation can be common. Vasopressor use during these procedures is often avoided, with 
a fear of decreasing renal perfusion in the transplanted kidney. However, adequate perfusion for the rest of the body is also necessary, 
and given that these patients often have underlying hypertension or other comorbid conditions, an appropriate mean arterial pressure 
(MAP) has to be maintained. Intramuscular injections of ephedrine have been studied in the anesthesiology literature in a variety of 
case types, and it is seen as a safe and effective method to boost MAP. We present a case series of three patients who underwent renal 
transplantation and who received an intramuscular injection of ephedrine for hypotension control. The medication worked well for 
increasing blood pressures without apparent side effects. All three patients were followed for more than one year, and all patients had 
good graft function at the end of that time period. This series shows that while further research is necessary in this arena, intramuscular 
ephedrine may have a place in the management of persistent hypotension in the operating room during kidney transplantation. 
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Introduction
During kidney transplantation, it is vital to optimize renal perfusion pressure to the allograft to facilitate recovery of renal 
function postoperatively. The use of vasopressor medications during kidney transplantation is controversial. There are 
some data suggesting that vasopressor use during the transplant surgery to maintain blood pressure may lead to delayed 
graft function (DGF), likely secondary to a paradoxical decrease in renal blood flow during transplant.1,2 DGF is 
associated with decreased patient survival, issues with long-term graft function, and possible acute rejection.3,4 Other 
studies have shown minimal long-term, post-operative effects with the use of intra- or postoperative vasopressor use.5 

Given that perioperative fluid management in renal transplantation is difficult to manage,4 the anesthesiologist’s 
armamentarium to manage intraoperative hypotension is limited. There is a need to explore other options from 
a vasopressor standpoint to ensure that the anesthesiologist is able to maintain appropriate perfusion pressure to the 
whole body.

A single intramuscular (IM) ephedrine injection has been used in a variety of scenarios to mitigate hypotension 
successfully.6,7 While intravenous doses of ephedrine are often used, repeated use can lead to tachyphylaxis.7 IM 
ephedrine avoids this issue and can often lead to more predictable serum levels.6 Unfortunately, IM ephedrine use has 
not yet been validated in kidney transplantation. We present a series of 3 patients in which the intraoperative use of IM 
ephedrine successfully maintained goal mean arterial pressure (MAP) without adverse outcomes – up to at least one year 
post-transplantation. Of note, no prisoners were involved here as patients, and patients were neither coerced nor paid. 
This case series is in compliance with the Helsinki Congress and the Declaration of Istanbul. All patients included have 
given written consent for their case details to be included, and Institutional Review Board approval was waived given 
that this is a case series of 3 patients.
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All donor organs for the case series below were from patients with confirmed brain death – consent for procurement 
was given by next-of-kin, and this informed consent was given voluntarily and under free will as is required by the 
United Network for Organ Sharing.

Cases
Case 1
A 53-year-old male with hemodialysis (HD) dependent end-stage renal disease (ESRD) due to long-standing hyperten-
sion and diabetes mellitus type 1 underwent a deceased donor renal transplant (DDRT). Baseline blood pressures for this 
patient ran 16-180/80-95 (MAP 107–123) for the last several months prior to surgery. He was maintained on amlodipine, 
metoprolol, and lisinopril for his blood pressure. The evening before transplantation, the patient received hemodialysis 
(HD) via a left arm arteriovenous (AV) fistula. After arrival to the operating room, the patient had an uncomplicated 
intravenous (IV) induction of general anesthesia with standard American Society of Anesthesiologists (ASA) monitors. 
An endotracheal tube was easily placed, and two large bore IV lines were obtained. Blood pressure was monitored every 
5 minutes by a non-invasive blood pressure on the right arm. Anesthesia was maintained with sevoflurane, fentanyl, and 
rocuronium for paralysis. After incision, the patient became hypotensive with MAPs below 60, presumably secondary to 
volatile anesthetic induced vasodilation. The anesthesiologist subsequently performed to volume resuscitation with two 
liters of crystalloid without any improvement in his MAP. Small doses of phenylephrine (50–100 mcg) were utilized to 
temporarily maintain MAPs in the 80s. A 25 mg dose of IM ephedrine was then administered in the right deltoid. Within 
the next 30 minutes, hemodynamics appeared to improve and the blood pressure slowly trended upwards with sustained 
MAPs in the 80s for the remainder of the case. The patient’s heart rate increased mildly from a baseline in the mid-60s to 
the 70s. In the recovery room, the patient’s MAPs remained in 80–90s, within appropriate range of his baseline 
(Figure 1).

Follow-up of this patient’s chart demonstrates appropriate graft function and patient survival at over one year post- 
transplant.

Figure 1 Mean arterial pressure presented over anesthesia time. 
Notes: This chart shows the change in mean arterial pressure (MAP) over anesthesia time. The * denotes doses of intramuscular (IM) ephedrine. Patient 3 had two separate 
doses of IM ephedrine. This image clearly shows the gradual increases in MAPs over time in these 3 patients after doses of IM ephedrine were administered. The arrow 
denotes the start of MAP readings in the recovery room.
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Case 2
A 67-year-old female with ESRD secondary to diabetes type II underwent a DDRT. She received HD on the morning of 
her transplant via a dialysis catheter in the left internal jugular vein. Baseline blood pressures were MAPs 90s–100s on 
a home anti-hypertensive regimen of amlodipine 5mg daily. Baseline heart rate was in the 70s-80s. General endotracheal 
anesthesia via intravenous induction was performed. Standard ASA monitors were used. Upon induction, the patient’s 
blood pressure decreased to a MAP of 45, which improved with doses of IV phenylephrine (variable) and IV ephedrine 
(variable) with resultant MAPs of 75 and above. After incision and during the surgical procedure, the blood pressure 
gradually decreased again with MAPs in the 50s, unresponsive to volume resuscitation with two liters of lactated ringers 
and 500mL of Albumin 5%. An IM injection of 25mg ephedrine was subsequently administered in the left deltoid. 
Within 20 minutes, the blood pressure and heart rate steadily increased. For the remainder of the surgery, MAPs remained 
between 75 and 90, with heart rates in the mid-80s. In the recovery room, the patient maintained MAPs in the 90s 
(Figure 1).

Follow-up of this patient’s chart shows appropriate graft function and patient survival at one year.

Case 3
A 33-year-old male with ESRD secondary to polycystic kidney disease, maintained on peritoneal dialysis, underwent 
a DDRT at our institution. He had no other cardiopulmonary issues. Blood pressure during clinic visits was relatively 
normotensive, with MAP 75–90 in our system. He was not on any blood pressure medications. Baseline heart rates were 
65–85. The patient was taken to the operating room, and anesthesia was induced. A balanced, general endotracheal 
anesthetic was maintained with sevoflurane, fentanyl and rocuronium. Blood pressure gradually decreased over time to 
a MAP of 50, and fluid resuscitation with 2 liters crystalloid solution and 500mL of albumin 5% did not appreciably 
increase the MAPs. An IM dose of 25 mg ephedrine was administered in the right deltoid muscle. Blood pressure slowly 
increased to a MAP of 55 but did not increase further than this. An additional 25mg of IM ephedrine was administered. 
MAPs increased into the 60s over the next 30 minutes. Heart rate did increase into the 90s. In the recovery room, the 
patient’s MAP remained in the 85–95 range (Figure 1). Heart rate did remain elevated in the 90s–100s.

Follow-up of the patient’s chart showed appropriate graft function after one year.

Discussion
Hypotension during kidney transplantation can be common due to intravascular volume depletion and peripheral 
vasodilation from general anesthesia. Benken et al found that close to 40% of their patients receiving a kidney transplant 
required continuous vasopressor infusions intraoperatively.1 Maintaining appropriate perfusion pressures by maintaining 
MAP is essential, as allograft perfusion is vitally important to graft function.1 In the non-anesthetized, non-transplanted 
patient, low MAP can be negated by renal autoregulation to minimize renal injury. However, in the anesthetized patient 
and a patient with a denervated, transplanted kidney, compensatory autoregulation can be deranged. Of note, the afferent 
arterioles in the transplanted kidney have an increased responsiveness to vasopressor agents and reduced vasodilation 
from nitric oxide.8 The clinical significance of these changes in the transplanted kidney is not well understood. Some 
studies show that the alpha-adrenergic activity of catecholamine vasopressors and other vasopressors such as pheny-
lephrine may not affect long-term outcomes. Kristopher et al showed that while the use of intraoperative phenylephrine in 
these patients may lead to a slower postoperative normalization of the creatinine than those who did not receive 
phenylephrine, creatinine at discharge showed no difference.5 Hence, there may be a brief “shock” to the transplanted 
kidney, but this likely has no long-term consequence for graft survival. Other studies also mimic this noted effect.9 The 
intraoperative use of dopamine has also been studied for potential renal protective effects but remains controversial.4,10,11

The anesthesiologist is charged with maintaining appropriate renal perfusion but also appropriate perfusion of the rest 
of the body during the surgical procedure. Managing appropriate hemodynamics can be difficult in transplantation 
procedures and hypotension, even temporarily, has demonstrated detrimental long-term outcomes, from both cardiopul-
monary and neurologic standpoints.12–14 As such, appropriate vasopressor therapy along with adequate fluid management 
is essential in these patients.
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IM ephedrine has been studied, particularly in neuraxial anesthetics, for the mitigation of hypotension. Ephedrine acts 
as a non-specific sympathomimetic, causing an increase in heart rate, cardiac output, and systemic vascular resistance.6 

Its mechanism includes both direct and indirect effects.6,7,15 Classically, ephedrine is given as intermittent, bolus doses 
intravenously in response to low blood pressure. Park et al note that this can lead to waxing and waning serum drug 
levels, leading to unpredictable results.6 Ephedrine cannot be used as an intravenous infusion. Several studies have 
shown, nevertheless, that a single IM dose of ephedrine can likely lead to a more stable, steady state concentration of 
drug than bolus dosing.6,7,16 Other studies have shown that an IM dose of ephedrine may cause less perturbation of 
vascular resistance,7 and specifically for ephedrine, the pharmacokinetics of IM injection allow for a relatively reliable 
onset and offset.6 Furthermore, hypertension and tachycardia, often thought of as side effects of ephedrine administration, 
have not been commonly seen.6,17,18 The efficacy and safety of IM ephedrine based on multiple studies appear to have 
been recognized.6,7,15–18

There are several limitations of this case series. This report describes only three patients, and follow-up was only for 
a little over a year. A randomized, controlled trial would be ideal to assess the acute and long-term effects of IM 
ephedrine. Furthermore, the appropriate dosing of IM ephedrine would need to be elucidated, as doses varied above. The 
effect of IM ephedrine on renal vasculature as compared to other studied vasopressor infusions also remains unknown. 
The decreased effects on vascular resistance by ephedrine noted above were described in a global fashion and did not 
specifically address a denervated kidney or renal vascular tone in general. While the grafts did well in our cases, further 
studies and more long-term evaluation of graft survival in comparison to graft survival with other vasopressor use may be 
another possible avenue to explore.

Even given these limitations, IM ephedrine may be a potential addition to the anesthesiologist’s vasopressor arsenal 
for kidney transplantation. Maintaining appropriate perfusion to all end organs, including the new kidney, is essential 
during intraoperative management. We believe that these cases certainly open the door for further study in this area.

Disclosure
The authors report no conflicts of interest. This article did not receive any specific grant from funding agencies in the 
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