Case Study: Partial Anomalous Pulmonary Venous
Return (PAPVR) and Bicuspid Aortic Valve,
Nonin Medical’s SenSmart™ Universal Oximetry
Figure 1: Nonin Medical’s SenSmart system provided reliable rSO2 data.

Case Overview
The SenSmart™ Universal Oximeter cerebral and
somatic oximetry graphs shown in Figure 1 at
right, demonstrate a case in which monitoring rSO2
provided reliable data that the IVC cannula had
slipped out of position and that venous congestion
was developing under the renal bed sensor.
Background:
• Patient: Two year old, 10.6 kilogram (kg), white male
• Diagnosis: Partial anomalous pulmonary venous return
(PAPVR) and bicuspid aortic valve
• Status: Patient had previously undergone a surgical
repair of aortic coarctation, aortic arch pull-up, division
of patent ductus arteriosus for an aortic coarctation,
and distal transverse arch hypoplasia. Subsequent
to this surgery the patient had an aortopulmonary
collateral (APC) occluded in the cardiac catheterization
laboratory (CCL). The patient was asymptomatic, had no
known drug allergies, and was taking no medications.
• Hematocrit and Hemoglobin: Starting hemoglobin (Hg)
was 12.3 gm/dL and hematocrit (Hct) 36.4%.
It is common practice in cases of this type to place a
venous return cannula in the inferior vena cava (IVC), and
to place a ligature to snare the cannula in place.
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Operative Monitoring
Standard cardiac monitors were employed, including electrocardiogram (EKG), noninvasive blood pressure (NIBP), pulse oximeter (SpO2), end-tidal carbon dioxide (EtCO2)
with full gas bench, bladder and esophageal temperature probes, Foley bladder catheter
for urine output, arterial line (A-line), and double lumen central venous line (CVL). The
Nonin SenSmart Universal Oximetry System was used to obtain regional saturation index
(rSO2) measurements. Bilateral sensors were placed over each side of the forehead to
provide cerebral monitoring, and one sensor was placed over the right flank. Baseline
values prior to induction were: right cerebral, 82% rSO2; left cerebral, 80% rSO2; and renal
bed, 78% rSO2. Keeping the rSO2 values within 20% of these baselines was the goal.

Operative Case and What the SenSmart System Showed
The patient underwent an uneventful induction with Sevoflurane®, and maintenance
anesthesia provided by Sevoflurane, fentanyl and dexmedetomidine.
The case was uneventful prior to the initiation of cardiopulmonary bypass (CPB). On
institution of CPB, all rSO2 values transiently decreased. It is normal for the rSO2 to
decrease on initiation of CPB,1,2 and this decrease is more profound when a pure
crystalloid prime is used.3 The nadir for the cerebral NIRS values were: right cerebral,
57% rSO2 and left cerebral, 51% rSO2, but they returned to above baseline within
minutes. However, the renal bed rSO2 did not return, and continued to decline to
a nadir of 67% rSO2 twelve minutes after the start of CPB. This was brought to the
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surgeon’s attention and it was discovered that the inferior vena cava (IVC) cannula was
not inserted into the IVC as intended, but was in the right atrium (RA). Moreover, the
suture ligature, normally intended to snare the cannula in place, was closed around the
IVC. The net result of this event was that the lower body blood return was completely
impeded. Once the IVC cannula was properly positioned, the renal bed rSO2 returned to
normal. (See Figure 1) The remainder of the case was uneventful.

Discussion
It has been reported in the literature that cerebral ischemia caused by an obstructed
superior vena cava (SVC) cannula can be detected by Near Infrared Spectroscopy
(NIRS).4,5 This case represents an event where renal bed ischemia due to an IVC cannula
obstruction was detected by NIRS. The SenSmart NIRS monitor alerted the clinicians
to the obstructed IVC cannula soon after it occurred, allowing time for a simple and
timely maneuver to relieve this obstruction, potentially preventing a hypoxic insult to
the kidneys, liver or intestines. This perturbation was diagnosed fourteen minutes after
the commencement of CPB. Without such early warning offered by the SenSmart NIRS
monitor, the event may have resulted in morbidity.

Case submitted by Christopher F. Tirotta, MD, MBA, Director, Cardiac Anesthesia,
Miami Children’s Hospital, Miami, FL.

References:
1. Lassnigg A, Hiesmayr M, Keznickl P, Mullner T, Erlich M, Grubhofer G. Cerebral oxygenation during cardiopulmonary bypass measured by near-infrared spectroscopy. Effects of hemodilution temperature and flow.
J Cardiothorac Vasc Anesth 13 (5): 544-48, 1999
2. Moromoto Y, Nilda Y, Hisano K, et al. Changes in cerebral oxygenation in children undergoing surgical repair of ventricular septal defects. Anaesthesia 58 (1):77-83. 2003
3. Han HS, Kim CS, Kim SD, Bahk JH, Park YS. The effect of bloodless pump prime on cerebral oxygenation in paediatric patients. Acta Anesthesiol Scand 2004; 48:648-52
4. Sakamoto T, Duebener LF, Laussen PC, et al: Cerebral ischemia caused by obstructed superior vena cava cannula is detected by near-infrared spectroscopy. J Cardiothorac Vasc Anesth 18:193-303, 2004
5. Han SH, Kim CS, Lim C, Kim WH: Obstruction of the superior vena cava cannula detected by desaturation of the cerebral oximeter. J Cardiothorac Vasc Anesth 18:420-421, 2004

sensmart.com
nonin.com

©2014 Nonin Medical, Inc. All rights reserved.

Nonin Medical, Inc.

Nonin Medical B.V.

13700 1st Avenue North
Plymouth, MN • 55441-5443 • USA
Tel: +1.763.553.9968 1.800.356.8874
Fax: +1.763.577.5521
E-mail: info@nonin.com

Prins Hendriklaan 26
1075 BD Amsterdam • Netherlands
Tel: +31 (0)13 - 79 99 040
Fax: +31 (0)13 - 79 99 042
E-mail: infointl@nonin.com
P/N 10168-001-01

