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Abstract N\
The preoperative neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are known to be prognostic factors in |
several cancers. However, no previous investigation has been performed to evaluate the significance of the NLR and PLR in
medullary thyroid carcinoma (MTC).

The aim of this study was to identify the ability of the preoperative NLR or PLR to predict lymph node metastasis and recurrence in
patients with MTC. Data from all patients with MTC who had undergone surgery at our institution from May 2009 to May 2016 were
retrospectively evaluated. Receiver operating characteristic (ROC) analysis was performed to identify optimal NLR and PLR cutoff points,
and we assessed independent predictors of lymph node metastasis and recurrence using univariate and multivariate analyses.

Based on the inclusion and exclusion criteria, a total of 70 patients were enrolled in this study. The ideal cutoff points for predicting
lymph node involvement were 2.7 for the NLR and 105.3 for the PLR. The optimal cutoff points of the NLR and PLR for predicting
recurrence were 2.8 and 129.8, respectively. Using the cutoff values, we found that PLR>105.3 (odds ratio [OR] 4.782, 95%
confidence interval [CI] 1.4—16.7) was an independent predictor of lymph node metastasis and that PLR>129.8 (OR 3.838, 95% ClI
1.1-13.5) was an independent predictor of recurrence.

Our study suggests that the preoperative PLR, but not NLR, was significantly associated with lymph node metastasis and
recurrence in patients with MTC.

Abbreviations: FMTC = familial MTC syndrome, FNA = fine needle aspiration, LND = lateral neck dissection, LNR = LN ratio, LNs
= lymph nodes, MEN2A = multiple endocrine neoplasia type 2A, MEN2B = multiple endocrine neoplasia type 2B, MTC = medullary
thyroid carcinoma, NLR = neutrophil-to-lymphocyte ratio, ORs = odds ratios, PLR = platelet-to-lymphocyte ratio, PTC = papillary
thyroid carcinoma, SD = standard deviation, SPSS = Statistical Package for Social Sciences, TNM = tumor, node and metastasis,
TT-CND = total thyroidectomy with complete central neck dissection, WDTC = well-differentiated thyroid cancer.

Keywords: lymph node metastasis, medullary thyroid carcinoma, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio,
recurrence

1. Introduction MTC have a propensity for lymphatic metastasis early in the

disease course. More than 50% of patients with MTC have

Medullary thyroid carcinoma, originating from the neural crest-
derived parafollicular C cells, occurs in either a sporadic or a
hereditary form as a component of multiple endocrine neoplasia
type 2A (MEN2A), multiple endocrine neoplasia type 2B
(MEN2B), and familial MTC syndrome (FMTC). All forms of

cervical lymph node metastasis at the time of diagnosis, and up to
5% have distant metastasis.!"! Furthermore, there is an inverse
relationship between cervical lymph node metastasis and
survival.?l Although MTC comprises only 3% to 5% of thyroid
cancer diagnoses, it causes 15% of thyroid cancer-related deaths
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due to its aggressiveness.”! Due to a lack of good treatment
options other than surgery, complete surgical resection consisting
of at least total thyroidectomy with central lymph node dissection
is the only modality that is able to cure patients with MTC. The
overall 10-year survival rate of patients with MTC is ~75% to
85% for the entire population, compared with a 10-year survival
rate of over 90% for patients with well-differentiated thyroid
cancer (WDTC).+7!

Although calcitonin is an important clinical marker for
diagnosis, outcome evaluation, and prognostic stratification of
patients with MTC, there are many limitations in the use of this
marker.® The levels of calcitonin change notably during the day,
and calcitonin has a concentration-dependent biphasic half-life. In
addition, calcitonin can be rapidly degraded by serum proteases.!!
All these limitations compromise the wider utility of calcitonin.

The tumor microenvironment and systemic inflammatory
response have recently been documented to play several
important roles in many human cancers, with potential
mechanisms including the promotion of tumor cell proliferation,
angiogenesis, invasion, and metastasis."'®!!! Many systemic
inflammatory markers, including the neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR), have been
shown to be independent and reliable prognostic biomarkers in
lung, ovarian, gastric, hepatocellular, colorectal, esophageal, and
pancreatic cancers.!'*™"?! These markers can be measured easily,
reproducibly, and inexpensively, enhancing the evaluation of
prognosis in a variety of human cancers. Unlike other types of
cancer, only a few studies have examined the significance of the
NLR and PLR in thyroid cancer.?** Furthermore, most of
these studies focused on differentiated thyroid cancer. To the best
of our knowledge, there have been no studies investigating the
NLR and PLR in patients with medullary thyroid cancer (MTC).

In this analysis, we evaluated the association of the preopera-
tive NLR and PLR with clinicopathological characteristics and
prognosis in patients with MTC.

2. Patients and methods

We retrospectively reviewed the electronic medical records of 120
patients with MTC in the Department of Thyroid and
Parathyroid Surgery Center at West China Hospital between
May 2009 and May 2016. To avoid possible confounders,
patients who had undergone initial surgical treatment at another
hospital (n=43), patients with unresectable tumors at the time of
referral (n=3), minor patients (n=2), patients with other
malignancies or who had undergone cancer treatment within
the past 12 months (n=1), and patients with acute myocardial
infarction/coronary revascularization within the past 6 months
(n=1) were excluded. Finally, a total of 70 MTC patients were
eligible for analysis. The present study protocol was approved by
the Institutional Review Board of West China Hospital of
Sichuan University, and written informed consent was obtained
from all of the study participants. Complete blood counts with
automated differential counts were performed on all patients 1 to
2 days before the operation. The NLR was calculated by dividing
the absolute neutrophil count by the absolute lymphocyte count;
similarly, the PLR was calculated by dividing the absolute platelet
count by the absolute lymphocyte count. To evaluate the
association between NLR/PLR and other tumor clinicopatholog-
ical features and outcomes, patients were assigned to categories
based on the preoperative NLR/PLR values. In addition, the
patients’ demographics, preoperative ultrasonographic tumor
characteristics, surgical details, postoperative pathological
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details, postoperative outcome, and tumor recurrence were also
obtained.

All patients underwent preoperative fine needle aspiration
(FNA) cytology to confirm the diagnosis. Three surgeons with at
least 15 years of thyroid and parathyroid surgery experience
performed all of the operations, and the histopathological
evaluation of thyroid specimens was performed by 2 pathologists
at our institution. Both the thyroid gland and nodal tissue were
evaluated from 1-mm-thick anatomical slices. Total thyroidecto-
my with complete central neck dissection (TT-CND) was
performed in all patients, and unilateral or bilateral lateral neck
dissection (LND) was performed depending on serum calcitonin
levels, imaging studies, or intraoperative morphological appear-
ance. We then evaluated the number of resected lymph nodes
(LNs) and the number of LN metastases for each LN neck
compartment. We also calculated the LN ratio (LNR), which is
defined as the ratio of the number of metastatic LNs to the total
number of LNs removed in the central and lateral compartments.

Postoperative serum calcitonin was assessed and neck ultraso-
nography (US) was performed every 3 months during the first year
after surgery and every 6 months thereafter. Patients underwent
additional imaging studies, such as computed tomography (CT),
magnetic resonance imaging (MRI), and 18F-deoxyglucose posi-
tron emission tomography (FDG-PET), when indicated by a rise in
calcitonin level and/or evidence of persistent/recurrent disease. For
the analyses, recurrence was defined as increased serum calcitonin
levels, locoregional recurrence based on radiological evidence, and/
or distant metastasis based on histological evidence.!*>2¢!

The clinical characteristics considered in the univariate and
multivariate analysis of MTC recurrence were age at diagnosis
(<45 years vs >45 years), gender (male vs female), body mass
index (BMI), NLR, PLR, greatest tumor diameter, number of
tumors, TNM stage (I/Il vs III/IV), capsular invasion (yes vs no),
tumor bilaterality (yes vs no), coexisting nodular goiter (yes vs
no), coexisting autoimmune thyroid disease (yes vs no), and
lateral node involvement (yes vs no).

3. Statistical analysis

Continuous variables were reported as means +standard devia-
tions (SD) and were compared using the Mann—Whitney U test.
Categorical variables were presented as counts (percentages) and
were analyzed using the chi-square and Fisher’s exact test (2-
tailed) if necessary. Receiver operating characteristic (ROC)
curves were used to determine the optimal cutoff values for the
NLR and PLR. Then, univariate and multivariate analyses were
performed to determine the independent prognostic factors, and
variables that were significant in the univariate analysis were
entered into the multivariate analysis. A P-value of <0.05 was
considered statistically significant. SPSS software (SPSS 22; SPSS
Inc., Chicago, IL) was used for the statistical analysis.

4. Results

From May 2009 to May 2016, a total of 70 consecutive patients
underwent surgery for a previously untreated MTC in our center
were enrolled. The patients’ baseline characteristics are listed in
Table 1. The mean NLR in our cohort was 2.1+0.9, and the
mean PLR was 112.7+49.4. LN metastasis occurred in 43
(61.4%) patients (N1), 31 (44.3%) of whom had lateral
compartment LN metastasis (N1b). In addition, 35 (50.0%)
patients had advanced-stage MTC (T3 or T4) according to the
TNM staging system. After a mean follow-up of 39.4+25.6
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Baseline characteristics of patients.

Patient characteristics n/mean +SD
N 70
Age at diagnosis, mean=+SD, y 47.7+139
Gender, male/female 28/42
BMI, kg/m? 22.7+3.3
Largest tumor size, mean=+SD, cm 26.3+15.5
Number of tumors 1.5+08
Bilaterality, n (%) 16 (22.9%)
Capsule invasion, n (%) 9 (41.4%)
Autoimmune thyroid disease, n (%) (21 4%)
Coexisting nodular goiter, n (%) 9 (55.7%)
Stage Il or IV, n (%) (50 0%)
LNM, n (%) 3 (61.4%)
Lateral LNM, n (%) (44 3%)
Number of total LNM 6.5+9.6
Number of central LNM 2.7+37
Number of lateral LNM 40+7.7
Total LNR (%) 0.22+0.27
Central LNR (%) 0.29+0.36
Lateral LNR (%) 0.13+0.20
Distant metastasis, n (%) 2 (2.9%)
Recurrence, n (%) 16 (22.9%)
NLR 21+09
PLR 112.7+49.4
Follow-up duration (m) 39.4+25.6
Months to first recurrence (m) 31.4+194

BMI=hody mass index, LNM =lymph node metastasis, LNR = lymph node ratio, NLR = neutrophil-to-
lymphocyte ratio, PLR = platelet-to-lymphocyte ratio, SD = standard deviation.

Clinicopathological characteristics of patients with MTC accord-
ing to the NLR group.

First half Second half
(NLR<1.9) (NLR>1.9)
(n=35) (n=35) P

Age at diagnosis, mean=+SD, y 479+12.2 47.4+15.6 0.897

<45 19 17 0.632

>45 16 18
Gender, male/female 13/22 15/20 0.626
BMI, kg/m? 22.0+3.0 228+3.8 0.452
Largest tumor size, 22.0+12.2 30.5+17.3 0.037

mean+SD, cm
Number of tumors 1.2+0.6 1.7+09 0.002
Mulifocality, yes/no 5/30 19/16 0.001
Bilaterality, yes/no 2/33 14/21 0.001
Capsule invasion, yes/no 15/20 14/21 0.808
Autoimmune thyroid disease, yes/no 8/27 7/28 0.771
Coexisting nodular goiter, yes/no 22/13 17/18 0.229
TNM stage, NNV versus I 19/16 16/19 0.473
LNM, yes/no 20/15 23/12 0.461
Lateral LNM, yes/no 15/20 16/19 0.810
Number of total LNM 54476 77+11.3 0.403
Number of central LNM 21+3.0 32+42 0.303
Number of lateral LNM 34+6.1 45+9.0 0.527
Total LNR, % 0.16+0.22 0.27+0.30 0.121
Central LNR, % 0.21+0.30 0.38+0.40 0.087
Lateral LNR, % 0.12+0.20 0.15+0.21 0.442
Recurrence, yes/no 9/26 7/28 0.569

BMI=body mass index, First half =the group with NLR lower than the median, LNM =Ilymph node
metastasis, LNR=Iymph node ratio, MTC = medullary thyroid carcinoma, NLR=neutrophil-to-
lymphocyte ratio, SD = standard deviation, Second half =the group with NLR higher than the median.
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Clinicopathological characteristics of patients with MTC accord-
ing to the PLR group.

First half Second half
(PLR<1025)  (PLR>102.5)
(n=35) (n=35) P

Age at diagnosis, mean+SD, y 458 +13.7 49.5+14.1 0.459

<45 18 18 1.000

>45 17 17
Gender, male/female 15/20 13/22 0.626
BMI, kg/m? 223+2.3 231 +4.1 0.282
Largest tumor size, mean+SD, cm 224124 301 +£17.4 0.031
Number of tumors 1.4+07 15+09 0.787
Bilaterality, yes/no 8/27 8/27 1.000
Capsule invasion, yes/no 12/23 17118 0.225
Autoimmune thyroid disease, yes/no 8/27 7/28 0.771
Coexisting nodular goiter, yes/no 22/13 17118 0.229
TNM stage, AV vs I/ 15/20 2015 0.232
LNM, yes/no 17/18 24/11 0.089
Lateral LNM, yes/no 12/23 19/16 0.092
Number of total LNM 3.8+5.5 9.3+11.9 0.017
Number of central LNM 21+£3.1 3.2+41 0.133
Number of lateral LNM 1.7+3.0 6.3+9.9 0.030
Total LNR, % 0.14+0.20 0.29+0.30 0.019
Central LNR, % 0.25+0.34 0.34+0.38 0.276
Lateral LNR, % 0.08+0.14 0.18+0.23 0.048
Recurrence, yes/no 5/30 11/24 0.088

BMI=body mass index, First half =the group with NLR lower than the median, LNM=1lymph node
metastasis, MTC = medullary thyroid carcinoma, NLR = neutrophil-to-lymphocyte ratio, NR =lymph
node ratio, PLR = platelet-to-lymphocyte ratio, SD = standard deviation, Second half =the group with
NLR higher than the median.

months, recurrence occurred in 16 patients. Of these patients, 15
had locoregional recurrence and 1 had locoregional and distant
recurrence. The mean duration to first recurrence was 31.4 +19.4
months, and the 5-year recurrence rate was 21.4%.

Patients were stratified into 2 groups according to the median
of the preoperative NLR and PLR values. Patients with NLR
lower than the median value were classified as the first half group,
and the other patients were classified as the second half group.
This grouping method is also applicable to PLR. The prevalence
of prognostic factors was then compared (Tables 2 and 3).
Table 2 shows the relationships between clinicopathological
factors and NLR groups. The group with the higher NLR values
had significantly more multifocal (14.2 vs 54.3%, P <0.001) and
bilateral (5.7 vs 40.0%, P=0.001) tumors than the group with
the lower NLR values. Significant differences were also found
between the NLR and largest tumor size (22.0 vs 30.5, P=0.037).
Table 3 shows a comparison of clinicopathological features
between PLR groups. The greatest tumor diameter was
significantly smaller in the low PLR group (20.2 vs 27.8, P=
0.031) compared with the high PLR group. The number of
metastatic LNs (6.3 vs 1.7, P=0.030) and LN ratio (0.18 vs 0.08,
P=0.048) were significantly higher in the high PLR group in the
lateral compartments. Furthermore, these values were also
significantly higher in the ipsilateral lateral compartments
(6.06 vs 1.69, P=0.032, 0.20 vs 0.08, P=0.034, respectively).
However, there was no significant difference in the central
metastatic LN number (2.14 vs 3.17, P=0.133) or central LN
ratio (0.25 vs 0.34, P=0.276) between the 2 PLR groups.

ROC curve analysis was performed to determine the optimal
cutoff value of the NLR and PLR for predicting LN metastasis and
recurrence. The recommended cutoff value was based on the most
prominent point on the ROC curve for sensitivity and specificity.
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Figure 1. Receiver operating characteristic curve for preoperative NLR and PLR

to predict (A) LN metastasis, (B) central LN metastasis, (C) lateral LN metastasis,

and (D) recurrence in MTC patients. LN = lymph node, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio, MTC = medullary thyroid

carcinoma.

Figure 1 shows the ROC analysis for total LN metastasis, central
LN metastasis, lateral LN metastasis, and recurrence. ROC
analysis demonstrated that the sensitivity and specificity were
highest when the PLR was 105.3 for total LN metastasis and
central LN metastasis and 142.1 for lateral LN metastasis. The
ROC curve also revealed that the recommended cutoff value of the
NLR was 2.7 for LN metastasis. The optimal cutoff values of the
NLR and PLR for recurrence were 2.8 and 129.8, respectively
(Table 4).

To determine the independent prognostic factors, univariate
and multivariate analyses were performed (Table 5). Central

compartment LN metastasis (N1a) occurred in 36 of the 70
patients (51.4%), and lateral compartment LN metastasis (N1b)
occurred in 31 patients (44%). Using the NLR and PLR cutoff
points determined by ROC analysis, we found thata PLR>105.3
(OR 4.782,95% CI 1.4-16.7), a primary tumor stage of IIl or IV
(OR 7.333, 95% CI 2.0-25.8), and the presence of a bilateral
tumor (OR 12.571, 95% CI 2.0-77.7) were independent
predictors of LN metastasis. Furthermore, we observed the
independent predictors of central and lateral compartment LN
metastasis. The multivariate analysis of central compartment LN
metastasis revealed that a PLR>105.3 (OR 3.408, 95% CI

The cutoff values of preoperative NLR and PLR to predict the LN metastasis, central LN metastasis, lateral LN metastasis and recurrence

of MTC patients.

LN metastasis Central LN metastasis Lateral LN metastasis Recurrence
NLR 2.7 2.7 2.7 2.8
PLR 105.3 105.3 1421 129.8

LN = lymph node, MTC = medullary thyroid carcinoma, NLR = neutrophil-to-lymphocyte ratio, PLR=

platelet-to-lymphocyte ratio.

4
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Univariate and multivariate analyses of clinicopathological fea-
tures for the prediction of lymph node metastasis and recurrence
in patients with MTC.

Univariate Multivariate
analysis analysis
P OR (95%Cl) P
Lymph node metastasis
Age at diagnosis, <45/>45 0.584
Gender, male/female 0.160
BMI, kg/m? 0.198
Largest tumor size, cm 0.493
Number of tumors 0.003
Bilaterality 0.015 0.006
No 1
Yes 12.571 (2.0-77.7)
Capsule invasion, yes/no 0.010
Autoimmune thyroid disease, yes/no  0.285
Coexisting nodular goiter, yes/no 0.636
TNM stage, Ill/IV vs I 0.001 0.002
No 1
Yes 7.333 (2.0-25.8)
PLR (<2.7/>2.7) 0.027 0.014
PLR 0.005
<105.3 1
>105.3 4,782 (1.4-16.7)
Recurrence
Age at diagnosis, <45/>45 0.313
Gender, male/female 0.131
BMI, kg/m? 0.599
Largest tumor size, cm 0.484
Number of tumors 0.207
Bilaterality, yes/no 0.363
Capsule invasion 0.012
No
Yes
Autoimmune thyroid disease, yes/no  0.766
Coexisting nodular goiter, yes/no 0.600
TNM stage, lll/IV vs I 0.023
No
Yes
pN stage 0.15
NO
N1
Distant metastasis 0.435
NLR (<2.8/>2.8) 0.276
PLR 0.005 0.029
<129.8 1

>129.8 3.947 (1.1-13.6)

BMI=body mass index, Cl=confidence interval, LNM =lymph node metastasis, LNR =Ilymph node
ratio, MTC = medullary thyroid carcinoma, NLR =neutrophil-to-lymphocyte ratio, OR=odds ratio,
PLR = platelet-to-lymphocyte ratio, TNM = tumor, node and metastasis.

1.1-11.0), a primary tumor stage of IIl or IV (OR 7.397,95% CI
2.2-24.6), and the presence of a bilateral tumor (OR 8.180, 95%
CI 1.6-40.8) were independent predictors. In addition, the
multivariate analysis of lateral compartment LN metastasis
revealed that a PLR>142.1 (OR 3.452, 95% CI 1.0-11.8) and
primary tumor stage of III or IV (OR 3.156, 95% CI 1.1-8.9)
were independent predictors. The multivariate analysis of
recurrence revealed that a PLR>129.8 (OR 3.947, 95% CI
1.1-13.6) was the only significant prognostic factor.
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5. Discussion

To our knowledge, the present study is the first attempt to assess
the value of the preoperative NLR and PLR as predictive markers
of lymph node metastasis and recurrence in patients with MTC.
In the current study, we found that the pretreatment PLR, a
regularly used blood-based parameter, was independently
associated with clinical outcome in MTC patients, as patients
with elevated PLR values showed significantly higher LNRs,
more lymph node metastasis (LNM), and postoperative recur-
rence.

Using the optimal cutoff points determined by ROC analysis,
we identified a PLR of >105.3 as an independent predictor of
cervical node involvement and a PLR>142.1 as an independent
predictor of lateral lymph node metastasis. Furthermore, a
PLR>129.8 was identified as a significant prognostic factor for
recurrence. All of these results suggest that PLR may be a
complementary marker to the TNM classification and serum
calcitonin for selecting high-risk patients with MTC who should
be considered for more intensive therapies such as unilateral or
bilateral LND.

There is increasing evidence that systemic inflammation plays
important roles in tumor progression and recurrence in a variety
of solid tumors. The inflammatory response is triggered by
circulating cytokines and chemokines, which are released by
malignant cells.*”! As a result, systematic alterations, such as
neutrophilia, thrombocytosis, and lymphocytopenia, occur.
Various investigations have revealed that platelets not only
support the growth of primary tumor cells via angiogenesis but
also have an obvious association with tumor metastasis through
evasion of the immune system.?#°! In addition, platelets can
also hamper the lysis of tumor cells by natural killer cells.’®!!
Similar to platelets, neutrophils have also been shown to be
closely associated with cancer survival via enhancing angiogene-
sis, primary tumor progression, and metastasis.*>~>* Lympho-
cytopenia has been observed as a biomarker for poor survival in
various cancers. Lymphocytes play an important role in cell-
mediated immune response activation and tumor cell demoli-
tion.133-3¢!

In view of the effects of neutrophils, platelets, and lymphocytes
mentioned above, the NLR and PLR could potentially be effective
biomarkers for tumor prognosis. Recently, an increasing number
of investigations have revealed that NLR and PLR indeed act as
significant prognostic factors in a variety of cancer types. Several
studies have been carried out to investigate the association of the
NLR and PLR with thyroid malignancies. Kocer et al?!!
demonstrated that the NLR was significantly higher in patients
with PTC compared with patients with benign diseases, such as
multinodular goiter and lymphocytic thyroiditis, and that a cutoff
point of 1.91 may be optimal for distinguishing between them.
Liu et al'*?! reported that a higher NLR was associated with a
larger tumor size and a higher risk of recurrence. We observed a
similar result in terms of the association between the NLR and
primary tumor size in the present study, but no significant
association was found between the NLR and recurrence. In
addition, we observed that the high NLR group had more lymph
node involvement and a higher LN ratio, but the results were not
significant. Kim et al®¥ concluded that a higher preoperative
PLR, but not NLR, could be a significant predictor of lateral node
involvement in patients with PTC. Although there was a trend, no
significance was found between the PLR and N1b proportion in
the present study. However, we demonstrated that a higher PLR
was significantly associated with more lateral LNM and a higher
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lateral LNR in patients with MTC. Furthermore, a higher
preoperative PLR was also found to be an independent predictor
of lateral node involvement and recurrence in the multivariate
analysis.

Although a few studies have reported an association between
preoperative NLR/PLR and thyroid malignancies, there have
been no investigations in MTC patients. Therefore, the present
study is important because we not only identified PLR as an
independent predictor of lymph node metastasis and recurrence
in MTC patients for the first time, but also because we calculated
optimal cutoff points. Thus, the preoperative PLR could be a
complementary marker in addition to TNM staging and serum
calcitonin with which to determine appropriate treatment
protocols.

There are some limitations to this study. First, selection biases
may exist because this study was retrospective. Second, this was a
single-center analysis, and the sample size of MTC patients was
limited due to the low incidence of MTC. Finally, preoperative
serum calcitonin and CEA were not assessed in the analysis
because these 2 biochemical parameters were not determined in
all patients before the operation. More studies are needed to
verify our findings.

In conclusion, surgery is the only effective curative treatment
for MTC patients. Using the calculated cutoff points mentioned
above, the preoperative PLR may be helpful for stratifying high-
risk patients to enable appropriate measurements to be
performed.
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