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A Software-Guided Approach to Hemodynamic

Management in a Renal Transplant Recipient:

A Case Report
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and Laurence Weinberg, MD, PhD* ¥

The function of renal allografts in the perioperative period is partly dependent on minimizing
hemodynamic instability. We have developed hemodynamic monitoring software—named the
“pressure field”—that was utilized in a 68-year-old high-risk kidney transplant recipient. The
“pressure field” was used to individualize fluid and drug administration and replicate the preop-
erative hemodynamics. The patient received net zero fluid intraoperatively and had an unevent-
ful postoperative course. We found the pressure field method helpful to manage perioperative

hemodynamics in this high-risk patient.

GLOSSARY

(A&A Practice. 2022;16:€01622.)

CVP = central venous pressure; E, = systemic elastance; EQUATOR = Enhancing the QUAlity and
Transparency Of health Research; MAP = mean arterial pressure; SV = stroke volume

patient and graft outcomes in transplantation medi-
cine.! Maintaining hemodynamic stability during

and after renal transplantation is particularly important in
deceased-donor kidney transplants. Deceased-donor kid-
neys have reduced long-term survival? and the cold isch-
emic time is associated with significantly impaired graft
function compared with living-donor kidney transplants.>*
Examining the effects of intraoperative fluid manage-
ment on outcomes after kidney transplantation is chal-
lenging because fluid therapy and hemodynamics are
inseparably linked and both are critical for renal perfu-
sion. Although fluid administration remains the dominant
therapeutic approach to maintain or restore circulatory
function, an evidence-based perioperative strategy for fluid

Perioperative hemodynamic management is critical to
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management has been elusive.®> We developed hemody-
namic monitoring software that was utilized in a high-risk
kidney transplant recipient. We describe how continuous
visualization of trends in stroke volume (SV) and systemic
elastance allowed differentiation of the roles of the heart and
vasculature and provided a means for choosing and titrating
fluid, inotropes, or vasopressors. Written informed patient
consent was obtained for the publication of this report. This
article adheres to the applicable EQUATOR (Enhancing the
QUAlity and Transparency Of health Research) guidelines.

CASE REPORT

A 68-year-old man with diabetic nephropathy on hemodi-
alysis was referred for pretransplantation assessment. His
history included chronic atrial fibrillation and expressive
dysphasia from a stroke 8 years prior. He was receiving
long-term warfarin. He had multiple concerning preopera-
tive findings, including elevated pulmonary pressures on
cardiac catheterization (right ventricular pressure 80/8 mm
Hg, pulmonary artery pressure 77/27mm Hg) and right
ventricular dysfunction on echocardiography (tricuspid
annular plane systolic excursion 12mm).°

A cadaveric donor kidney became available within the
same metropolitan area as the patient. The allograft was in
the “worst 31%” of donors,” and the recipient’s mortality
risk was in the worst 4%.8 The patient was dialyzed and
prothrombin complex concentrate was administered to nor-
malize the international normalized ratio. The Table shows
the preoperative (postdialysis) laboratory results.

In the operating room, peripheral venous and radial
arterial catheters were placed in the patient’s nonfistula
arm. A 3-lumen subclavian catheter was inserted, and the
distal lumen was connected via a TruWave transducer to
the EV1000 monitoring system (Edwards Lifesciences,
Irvine, CA). A FloTrac sensor (FloTrac System 4.0, Edwards
Lifesciences) was connected to the arterial cannula and the
EV1000 hemodynamic monitor. The arterial and central line
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Table. Preoperative and postoperative values for hemoglobin, urea, creatinine and phosphate

Postoperative

Preoperative Day 1 Day 2 am Day 2 pm Day 3 am Day 3 pm Day 4 Day 5 Day 6
Hemoglobin (g/L) 116 122 109 105 98 - 89 - 99
PO, (mmol/L) 1.4 - 2.0 1.8 1.4 - 0.7 0.6 0.6
Urea (mmol/L) 9.8 - 9.7 11.3 13.8 15 12.4 10.6 10.6
Creatinine (umol/L) 509 - 370 256 205 180 140 109 115

Reference ranges: PO,, 0.97-1.45 mmol/L; urea, 2-7 mmol/L; creatinine, 60-115 pmol/L. Excellent graft function was shown by near normalization of values
without further dialysis. Renal phosphate wasting occurred early after kidney transplantation.
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Figure. Pressure field before and during surgery and after reperfusion. Systemic elastance (x-axis) is a measure of vasomotor tone; stroke
volume (y-axis) varies with preload and contractility. The curved lines represent mean arteriovenous pressure at 15mm Hg intervals.

pressure bags were maintained at 300mm Hg, with both
transducer sensor stopcocks kept level to the phlebostatic
axis, located at the fourth intercostal space (correspond-
ing to the right atrium). A serial-to-USB cable transmitted
hemodynamic data every 20 seconds from the EV1000 mon-
itor to a computer with software to calculate and display
the patient’s “pressure field” in synchrony with the Flotrac
transducer.

The pressure field is an investigational tool for continu-
ously resolving mean arteriovenous pressure into its car-
diac and vascular components and displaying this visually
to enable a clinical decision. The pressure field equation
relates mean arterial pressure (MAP) and central venous
pressure (CVP) to SV and systemic elastance (E,) as follows:

[MAP — CVP] =SV x E, 1)

This equation differs from the approach of Starling and
Guyton, where the heart’s contribution is understood as
cardiac output, and ventricular afterload is represented by
systemic vascular resistance.

The patient was monitored to determine the resting pres-
sure field before induction of anesthesia (Figure) to guide
intraoperative management. Anesthesia was then induced
with midazolam 2.5mg, fentanyl 100 ug, propofol 100 mg,
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and rocuronium 100mg. On induction, a norepinephrine
infusion was started at 4 pug/min. Anesthesia was main-
tained with a propofol target-controlled infusion (Marsh
protocol, target concentration 3 ng/mL) and a remifentanil
target-controlled infusion (Minto model, target concentra-
tion 4ng/mL). Methylprednisolone (1000mg in 100mL)
was given postinduction. Furosemide (40mg), mannitol
(20g in 100mL), and acetaminophen (1000 mg in 100mL)
were administered intraoperatively.

Surgery lasted 3 hours and 20 minutes. Management
was based on plotting the pressure field and varying nor-
epinephrine and fluid to mimic the preoperative pattern
(Supplemental Digital Content, Video, http://links.Iww.
com/AACR/A493). The norepinephrine infusion was
titrated to regulate movement of the pressure field, that is
to minimize changes in SV (y-axis) and E, (x-axis; Figure).
A transient decrease in SV occurred at induction and was
assumed to represent a fall in preload due to redistribution;
it was not treated with fluid and spontaneously recovered
over a period of minutes. Blood loss was 300mL, and no
intravenous fluid was administered, apart from medica-
tions, during surgery. Urine output was 200mL between
reperfusion of the transplanted kidney and surgery comple-
tion. The total fluid volume administered was estimated at
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500mL and was similar to the blood loss and urine volumes.
Norepinephrine was infusing at 4.5 pg/min on completion
of surgery and was ceased in the recovery unit. No addi-
tional fluid was given. The postoperative hemoglobin was
122 g/L and the net fluids were zero.

The patient was monitored overnight in the intensive
care unit and discharged to the ward the following day.
Between surgery and discharge on day 6, the hemoglobin
fell to 99g/L. No dialysis was required. The hemoglobin,
phosphate, urea, and creatinine over the first 5 postopera-
tive days indicated excellent donor kidney function (Table).
At 6 months, the donor kidney was functioning normally.

DISCUSSION

The current approach for managing the circulation relies
heavily on arterial pressure as a surrogate for tissue perfu-
sion, with fluid loading the default response to low arterial
pressures. Most authors advocate fluid loading to optimize
the donor kidney before it is explanted and to increase
renal blood flow in the recipient after reperfusion while
also avoiding hypotension.®!® A recent retrospective study
found an average fluid load of 3 L, while another author
reported an average fluid load of 40mL/kg."> Although
there is controversy around the merits of potassium-free
or balanced crystalloid solutions and colloid in this popu-
lation,'3 there is a unanimous view favoring the liberal
use of volume expanders over pressors. A recent consensus
statement from the Committee on Transplant Anesthesia of
the American Society of Anesthesiologists on fluid manage-
ment during kidney transplantation reported no difference
in outcomes between crystalloids and colloids but affirmed
the role of liberal intravenous fluids.!* Despite a net zero
fluid balance, our patient’s postoperative recovery was
complication free.

The pressure field addresses the need to identify if a
fall in pressure is due to a change in preload, contractility,
or vasomotor tone. Every pressure value is deconstructed
into elastance as the X-axis value and SV on the Y-axis,
where SV reflects both preload and contractility. Changes
in preload may reflect volume loss from the circulation
or changes in blood volume distribution. Observing the
response to a fluid bolus of 1 mL/kg is typically sufficient
to enable identification of an issue of volume loss, adminis-
tration of an inotrope enables identification of a contractil-
ity issue, and administration of a vasopressor will reverse
volume redistribution within the circulation. Management
remains an empirical process, but with more precise control
and smaller and earlier interventions. Initiating monitoring
before induction enables a patient-specific template to guide
management. This identifies specific patterns of change in
the regulation of pressure and flow and allows clinicians to
prescribe highly individualized solutions. Management is
always dictated by the patient’s physiology.

The pressure field method in this patient primarily
involved the titration of norepinephrine. Although fluid
administration is sometimes critical to managing circula-
tion, the early decrease in SV was transient and there was
no subsequent evidence to indicate hypovolemia.

The pressure field extends the study of Sunagawa et al.®
Sunagawa et al’® proposed that effective arterial elastance is
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a better measure than SVR of ventricular afterload. Where
mean arteriovenous pressure is the difference between
mean ventricular outflow pressure and mean right atrial
inflow pressure, Starling’s pressure equation can be simpli-
fied to the relationship between SV and E,. When combined
with high-frequency measurement, this alternative inter-
pretation provides a different methodology for optimizing
circulation.

In conclusion, the pressure field allows differentiation of
the roles of the heart and vasculature in generating the arte-
riovenous pressure gradient. It measures real-time ventric-
ular-vascular interaction and provides a means for titrating
fluid, inotropes, or vasopressors. Combining the method
with large data sets may provide a basis for improved diag-
nosis of cardiovascular disease and treatment recommenda-
tions. Although the pressure field method was helpful in
this patient, it needs to be formally evaluated as a method
for optimizing perfusion during renal transplantation. §&
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