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Changes in the Nociception Level Index During 
Surgical Resection of Paragangliomas: A Case Report
Rita Saynhalath, MD,*†‡ Umar H. Khan, DO,*‡ Gijo Alex, MD,*‡ Joseph T. Murphy, MD,‡§  
and Peter Szmuk, MD*†‡  

Nociception is the detection of noxious stimulation by the nervous system. The PMD-200 moni-
tor is a validated, emerging technology for intraoperative monitoring using the nociception level 
(NOL) index. We describe a pediatric case of an open resection of paraganglionic masses during 
which episodic increases in NOL index and blood pressure coincided with tumor manipulation, 
presumably due to a catecholamine surge. Since the patient was under stable and adequate 
analgesia, the increases in NOL index likely reflected the physiologic effects of tumor handling 
rather that the presence of a true noxious stimulus. Clinicians should consider this limitation 
when using this monitor. (A&A Practice. 2021;15:e01542.)

GLOSSARY
BIS = bispectral index; EQUATOR = Enhancing the QUAlity And Transparency Of health Research; 
FDA = Food and Drug Administration; HIPAA = Health Insurance Portability and Accountability Act; 
MAP = mean arterial pressure; NOL = nociception level

Managing pain in anesthetized patients is challeng-
ing because they are unable to communicate their 
pain. Nociception is the nervous system′s process 

of encoding noxious stimuli and can provide valuable infor-
mation to guide intraoperative analgesic management.1 
The nociception level (NOL) index is a multiparametric 
index derived using nonlinear Random Forest regression, 
which is a machine-learning algorithm that uses ensemble 
learning techniques to solve complex problems such as 
assessment of nociception-antinociception balance. The 
NOL index measures changes in physiological parameters 
including heart rate, heart rate variability, amplitude of the 
photoplethysmogram, skin conductance level and fluctua-
tions, skin temperature, movement, and their time deriva-
tives in response to a noxious stimulation.2,3

The PMD-200 (PMD200 device, Medasense Biometrics 
Ltd) “is a physiological monitor that helps guide analge-
sic management by providing a numeric scale of nocicep-
tive response levels, called the NOL index. During surgical 
stimulation under general anesthesia, NOL of 0 indicates 
no nociceptive response, and NOL of 100 indicates extreme 
nociceptive response.”3 A NOL index that remains elevated 
>25 for at least 60 seconds was proposed as the threshold for 
suggesting a nociceptive response and insufficient analge-
sia.4,5 Several adult studies have found the NOL index to be 
a reliable tool in measuring nociception during anesthesia. 

Importantly, it has emerged as a superior parameter to detect 
the presence of a noxious stimulus when compared to sin-
gle variables, such as heart rate and blood pressure.2,6–9 The 
device is in clinical use in Europe and currently under review 
by the Food and Drug Administration (FDA) in the United 
States. The manufacturer notes that conditions that affect the 
autonomic nervous system may have a transient effect on 
NOL values, and clinical judgment should be applied in such 
situations. However, there is scant literature illustrating this 
finding. We report the use of the PMD-200 during a surgi-
cal resection of paraganglionic masses, during which tumor 
manipulation was associated with transient increases in the 
NOL index, likely due to rising levels of catecholamines. The 
case was part of a larger observational study approved by 
the University of Texas Southwestern Medical Center insti-
tutional review board. We obtained written Health Insurance 
Portability and Accountability Act (HIPAA) authorization 
from the patient′s parents for our case report. This article 
adheres to the applicable Enhancing the QUAlity And 
Transparency Of health Research (EQUATOR) guideline.

CASE PRESENTATION
An 11-year-old female presented to the operating room for 
an exploratory celiotomy for right tumor adrenalectomy 
and resection of multiple perinephric and periaortic tumor 
masses, left adrenal nodule, and periaortic and jejunal mes-
enteric adenopathy. Her medical history was significant for 
severe persistent asthma, polycythemia, chronic hyperten-
sion, and resection of paragangliomas 3 years earlier. She 
was admitted to the hospital 6 weeks before surgery for sta-
tus asthmaticus and malignant hypertension, with systolic 
blood pressure ranging from 140 to 160 mm Hg. Physical 
examination was noncontributory. Workup for her hyper-
tension included a magnetic resonance imaging scan of her 
abdomen showing recurrence of her paraganglioma, and 
a computed tomography angiogram of her abdomen and 
pelvis, revealing a 2.2 cm right suprarenal mass with asso-
ciated right renal artery stenosis and 2 peritoneal periaor-
tic masses. Laboratory workup was significant for elevated 
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levels of norepinephrine in the urine at 9.27 mmol/L  
(normal range: 0–0.89 mmol/L.) Her antihypertensive regi-
men consisted of alpha- and beta-blockers, an angiotensin-
converting enzyme inhibitor, and a Ca2+ channel blocker, 
with careful titration to avoid further exacerbation of her 
asthma. Intraoperative monitoring included standard 
American Society of Anesthesiologists monitors, an arte-
rial catheter, Bispectral Index (BIS) monitor (Medtronic), 
and PMD-200. The PMD-200 was not used to guide the 
anesthetic plan. Induction consisted of a bolus of fentanyl 
1 µg kg−1 and rocuronium 0.6 mg·kg−1 to facilitate endotra-
cheal intubation. Maintenance of anesthesia was achieved 
with inhalational sevoflurane and intravenous infusions 
of remifentanil at 0.2 to 0.5 µg·kg−1·min−1 and dexmedeto-
midine at 0.4 µg·kg−1·h−1. Analgesia was supplemented 
with a thoracic epidural infusing 0.2% ropivacaine at 0.2 
mg·kg−1·h−1. Intraoperative blood pressure management 
was challenging. The patient had prolonged periods of 
hypotension (mean arterial pressure [MAP] <50 mm Hg), 
with short episodes of significant hypertension (MAP 
>100 mm Hg) lasting a few minutes each time. Infusions of 
nicardipine and epinephrine were titrated to maintain the 
blood pressure around the patient′s preoperative baseline. 
Hypotension was likely caused by surgical manipulation 
of the liver to optimize tumor exposure. The transient epi-
sodes of significant hypertension correlated with surgical 
manipulation of the tumor and coincided with periods of 
transient bradycardia and NOL index >25. When the sur-
geon ceased to manipulate the tumor, the blood pressure 
and heart rate returned to baseline, and the NOL index 
returned to single digits. There were no adjustments in 
analgesic regimen during these episodes. The Figure pres-
ents a section of the trends in MAP, heart rate, BIS, and 
NOL index during 3 episodes of tumor manipulation. 
After tumor removal, the surgery proceeded uneventfully, 

NOL index was consistently <25, and the patient had an 
uncomplicated recovery.

DISCUSSION
This case report describes the use of the PMD-200, currently 
under FDA review, in an anesthetized patient during which 
tumor manipulation likely led to the release of endogenous 
catecholamines. The resulting increase in blood pressure 
was associated with an increase in the NOL index, and 
both returned to baseline without administration of addi-
tional analgesic agents. These findings are consistent with 
the manufacturer′s statement that conditions affecting the 
autonomic nervous system may have a transient effect on 
NOL index values.

A paraganglioma is a rare neuroendocrine tumor that 
forms from the chromaffin cells of the autonomic nervous 
system and leads to an excess of circulating catecholamines. 
Clinical symptoms include the classic triad of palpitations, 
diaphoresis, and headache, as well as tachycardia, hyper-
tension, and tremors.10 During surgical resection, tumor 
manipulation leads to significant increases in the levels of 
plasma catecholamines. Murakawa et al11 reported that com-
pared to presurgical levels, epinephrine, norepinephrine, 
and dopamine levels can increase 149-, 7.8-, and 2.9-fold, 
respectively. This likely occurred in our patient, leading to 
significant hypertension with MAP >100 mm Hg. Normal 
MAP for a child this age is estimated to be around 60 mm 
Hg.12 Interestingly, these hypertensive episodes coincided 
with a transient increase in NOL index despite the lack of 
apparent additional noxious stimulation and a constant 
level of analgesia provided by intravenous remifentanil and 
epidural ropivacaine infusions. Moreover, the periods of 
hypertension and increased NOL index were accompanied 
by short periods of bradycardia possibly due to activation 
of the carotid baroreceptor reflex.

Figure. Changes in NOL index and mean arterial pressure during tumor manipulation. Arrows indicate episodes of tumor manipulation. NOL 
indicates nociception level.



Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
November 2021 • Volume 15 • Number 11 cases-anesthesia-analgesia.org 3

 

When the body perceives a noxious stimulus, the auto-
nomic nervous system activates several mechanisms, which, 
in turn, leads to alterations in physiological parameters 
including heart rate, blood pressure, and skin conductance.2 
While individual parameters have been studied to assess 
the level of nociception intraoperatively, the combination of 
these parameters was proven to be superior.2,7 The PMD-200 
has emerged as a valuable tool to assist with pain manage-
ment perioperatively. An inverse correlation between the 
NOL index and administration of opioid agents has been 
reported.13 Furthermore, NOL-oriented anesthetic manage-
ment was associated with a decrease in opioid consumption 
and postoperative pain scores.4,5

The relationship between a noxious stimulus leading 
to subsequent activation of the sympathetic system and 
increases in NOL index has been demonstrated previously. 
However, the relationship between sympathetic discharge 
due to nonnoxious stimuli has not been described. In our 
case, during tumor manipulation, sudden increases in MAP 
were associated with increases in the NOL index >25 for 
a transient period of about 3 minutes, despite a constant 
level of analgesia with infusions of dexmedetomidine and 
remifentanil, supplemented with an epidural ropivacaine 
infusion. In the absence of tumor manipulation, the NOL 
index promptly returned to premanipulation levels with-
out any change to the anesthetic regimen. The BIS values 
also remained stable during these periods of fluctuating 
NOL index, thus confirming a constant depth of sedation. 
Therefore, in this case, changes in the NOL index were 
reflecting direct endogenous catecholamine release unre-
lated to a nociceptive response, a condition described as 
a known limitation by the manufacturer. The NOL index 
should also be interpreted with caution when vasoactive 
agents are administered. The moderate increase in NOL 
index has been shown to be short-lived and should be 
expected to fade within 3 minutes.

Raft et al14 examined the NOL index response to phen-
ylephrine and found a statistically significant increase in 
the NOL index after a bolus of phenylephrine 1 µg·kg−1. 
However, this was not clinically meaningful as the NOL 
index remained under the clinical threshold of 25.14 Further 
studies are warranted to investigate the response of the 
NOL index to other sympathomimetic agents that affect the 
autonomic nervous system.

In conclusion, the PMD-200 monitor is an emerging, vali-
dated technology that allows for intraoperative monitoring 
of nociception. An increase in the NOL index can be a sign 
of increased nociception. However, in the presence of a cat-
echolamine surge from endogenous (as in our case) or exog-
enous sources, it might reflect the catecholamine-induced 
physiological effects rather than the presence of a noxious 
stimulus. Therefore, trends in NOL index values should be 
interpreted with caution under these circumstances.
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