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Does the extent of neck surgery based on
preoperative calcitonin level influence

survival in medullary thyroid carcinoma:
a retrospective tertiary centre experience

Introduction

Medullary thyroid carcinoma (MTC) is a rare thyroid cancer arising from the calcitonin-secreting
parafollicular cells. Previous studies suggested a preoperative calcitonin level >200ng/1 is an indication
for prophylactic lateral neck dissection (LND) to remove micrometastases and improve survival outcomes.

Methods

This retrospective single-centre study assessed the efficacy of preoperative calcitonin levels as a marker for
determining need for prophylactic LND in MTC. Data were obtained on demographics, preoperative
calcitonin levels, size and laterality of index tumour, type of neck dissection (central neck dissection
(CND), LND), nodes removed, levels with involved nodes, number of nodes histologically involved,
mortality, adjuvant therapy and locoregional recurrence.

Results

A total of 33 patients were identified from St George’s University Hospitals NHS Foundation Trust
between 1 January 2001 and 19 August 2021; 8 were excluded for data quality issues. Of the 18
classified with a high preoperative calcitonin level (>200ng/1), 10 (56%) had a LND and 8 (44%) had a
CND. In the low-calcitonin group, three (43%) patients had a CND only and four (57%) had a LND.
There was no difference in absolute or disease-free survival between the low and high groups
(p=0.960, p=0.817), or between those who had a CND and LND in the high-calcitonin group
(p=0.607, hazard ratio (HR) 0.55; p=0.129, HR 8.78).

Conclusion

There was no statistically significant difference in outcomes between high and low calcitonin groups. A
selective approach to performing LND in MTC patients based on clinical and imaging findings
suggesting disease presence in the lateral neck should be explored further.

Keywords: Medullary thyroid carcinoma; Calcitonin; Thyroid cancer; Neck dissection

Introduction

Medullary thyroid carcinoma (MTC) is a rare
cancer arising from the calcitonin-secreting
parafollicular cells (C-cells) of the thyroid
gland. Several studies have underlined the
value of calcitonin as a tumour marker for MTC."

MTC represents 1-2% of thyroid cancers,
making it the third most common thyroid
cancer.? Of the total number of cases, 25% are
hereditary, whereas 75% are sporadic.® The
hereditary form is part of the multiple endocrine
neoplasia type 2 (MEN-2) syndromes, which

are associated strongly  with RET
proto-oncogene mutation.*
Presentation differs between patients,

potentially including a neck mass, dysphagia or
dysphonia from compressive effects, or
recurrent  laryngeal nerve involvement.

Vasomotor flushing and loose stools may result
from coincident peptide secretion.® Up to 80%
of patients have regional Ilymph node
metastases at presentation, with 20% having
distant metastases. Despite this, the average
five-year survival rate is 73-97%, with survival
predictors including TNM stage, extent of
disease at diagnosis and degree of surgical
intervention.®

Following family history screening for MTC or
other endocrinopathies, initial investigations
include ultrasound (US), fine-needle aspiration
cytology (FNAC) and biochemistry. A baseline
calcitonin value may confirm the diagnosis and
indicate the disease extent and likelihood of
remission.” ' Neck computed tomography
(CT)/magnetic resonance imaging (MRI) is
used to identify locally advanced disease.
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Calcitonin and medullary thyroid cancer survival

Current guidelines use calcitonin levels to support diagnosis
and guide the extent of surgical management. Basal calcitonin
concentrations >60ng/l to 100ng/l are pathognomonic of MTC.
There is greater diagnostic uncertainty at the lower levels of
calcitonin.""12

Typical MTC treatment involves total thyroidectomy and
central neck dissection (CND) to the level of the innominate
artery. This aims to achieve locoregional control in the neck and
superior mediastinum.®>'® Neck dissection to remove cervical
lymph nodes is necessary, as MTC cells are unresponsive to
radioiodine and hormonal manipulation.

In small, sporadic (RET-negative) MTC, following preoperative
basal calcitonin assessment, most patients are offered total
thyroidectomy and CND. Additionally, patients with clinically/
radiologically involved lymph nodes in the lateral compartment
should have a selective lateral neck dissection (LND). Those
with obvious central node metastases should also be
considered for ipsilateral prophylactic LND as the risk of lateral
node involvement is 70%.%"*

The current guidelines rely heavily on calcitonin levels to guide
the necessity of LND. The cut-off to undertake a prophylactic neck
dissection has been cited as 200ng/l."%"® In this study, we aim to
evaluate the necessity of LND based on calcitonin levels by
retrospectively reviewing postoperative pathology reports of this
patient cohort.

Methods

Study population

The study population was obtained from St. George’s Hospital
pathology database using the master code: T96000 (THYROID)
and secondary reporting code: M85103 (MEDULLARY
CARCINOMA). The timeframe explored ran from 1 January
2000 to 19 August 2021. This timeframe was based on data
availability in the online database. Patient data were retrieved
manually from NHS systems including iCLIP and electronic
patient record (EPR) using the patient's individual medical
record number (MRN). The data were reviewed for study
inclusion and exclusion based on the criteria below and collated
on Microsoft Excel, ensuring compliance with data protection
policies and patient anonymisation.

Inclusion and exclusion criteria
All patients identified using the codes above within the specified
timeframe were initially included.
Patients were subsequently excluded for:
* missing preoperative calcitonin data on iCLIP and EPR;
* missing histology report details including nodes removed,
nodes involved and TNM staging.

In cases of ambiguity, senior otorhinolaryngologists reviewed the
patient’s records to determine inclusion or exclusion.

Data collection

This was a retrospective study. Data were obtained on age, sex,
calcitonin levels (pre- and postoperatively), RET mutation
presence, index tumour size, laterality of index tumour, type of
neck dissection (central, lateral), lymph node levels removed
(1-6, left, right or central), levels with cancerous nodes, number
of nodes removed, number of nodes histologically involved,
presence of extracapsular extension, TNM stage, complications
(bleeding, nerve injury and chyle leak), 30-day mortality,
adjuvant therapy and locoregional recurrence. Furthermore,
oncological survival data were collected. Patient MRN numbers
were collected to enable later access for reference if needed.
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The patient’s lead clinician was recorded to enable discussion
in the case of ambiguity in the patient notes. Clinical data nearest
to the time of the operation were collected.

For patients with multiple preoperative calcitonin readings, the
highest value was taken.

Ethics
Ethical approval was not needed due to the study’s retrospective
nature and use of routinely collected data.

Statistical analysis

To mitigate detrimental effects on data quality, patient records
were excluded if data were incomplete. Examples include the
absence of preoperative calcitonin levels and lack of
confirmation in the histopathology of the removed nodes.

The patients were split into two cohorts based on preoperative
calcitonin level, with the high group defined as >200 ng/l. This
cut-off was based on a 2010 study by Machens et al,"® who
found that the likelihood of metastases to lateral neck nodes
increased with preoperative calcitonin above 50, with lateral
neck nodes on the contralateral side to the primary being
involved more with a calcitonin >200ng/l. As such, they
suggested that patients with preoperative calcitonin levels
between 50 and 200ng/l would require an ipsilateral neck
dissection, and those with a preoperative calcitonin >200ng/I
would require a contralateral neck dissection (i.e. a lateral neck
dissection contralateral to the side of the thyroid primary
tumour) in addition to the ipsilateral dissection.

Correlation analysis was carried out to investigate the
relationship between calcitonin levels and index tumour size.
Independent t-tests were carried out to assess for differences in
the number of nodes removed, nodes involved, and their
proportion between the high- and low-calcitonin group. Overall
and disease-free survival were calculated from the time of the
operation to the latest follow-up or death using Kaplan—Meier
methodologies.

Statistical analyses were carried out in R (version 4.2) or
GraphPad Prism (version 8.0), depending on statistician
preference. Significance was set at a=0.05, and all p-values
were two-sided.

Results

Demographics and cancer characteritics

A total of 33 patients were identified from St George’s University
Hospitals NHS Foundation Trust. Eight patients were removed
due to data-quality issues. The mean patient age was 50.8
years (range, 31-80); 10 patients (40%) were male and 15
(60%) were female. The median preoperative calcitonin level
was 1,070ng/l (range, 2.2-41,080). Three patients (12%) had
contralateral disease, with all being in the high-calcitonin group,
and six (24%) had an identified RET mutation. A total of 22
patients had a total thyroidectomy, 2 a hemithyroidectomy and 1
a subtotal thyroidectomy. The decision to perform
hemithyroidectomy was based on patient wishes in one case.
The other case was a completion hemithyroidectomy. The
patient who underwent a subtotal thyroidectomy had a T4
tumour; a total thyroidectomy was technically challenging,
hence the procedure was recorded as subtotal.

Using 200ng/l as the preoperative calcitonin level cutoff, 18
patients were classified as high and the remaining 7 as low.
Patient demographics are shown in Table 1.

The decision to undertake CND, ipsilateral LND or bilateral
LND, as well as which levels were involved, was on a
patient-by-patient basis, based on the multidisciplinary team
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Total (N=25)
Mean age, years (range) 50.8 (31-80)
Gender (male/female) 10/15

Median calcitonin level, ng/l (range)

RET mutation (yes/no) 6/19
Contralateral disease (yes/no) 3/22
CND/LND 11/14
Index tumour size, mm (range) 22.1 (5-50)
Preoperative nodal involvement (cN1) (yes/no) 11/14
Postoperative nodal involvement (pN1) (yes/no)  20/5

CND = central neck dissection; LND = lateral neck dissection.

1,070.0 (2.5-41,080)

Low-calcitonin group (N=7)  High-calcitonin group (N=18)

60.4 (40-75) 47.0 (31-80)

3/4 7M1

17.0 (2.5-195) 3,985.0 (299-41,080)
2/5 4/14

0/7 3/15

3/4 8/10

11.4 (5-21) 26.3 (8-50)

4/3 711

5/2 15/3

(MDT) discussion. Factors including clinical examination
findings, calcitonin levels, radiology and pathology results
were accounted for.

Of the 18 patients in the high-calcitonin group, 10 (56%) had a
LND with CND, and 8 (44%) had a CND alone. In the
low-calcitonin group, three (43%) patients had a CND alone and
four (57%) had a LND with CND.

In the high-calcitonin group, all ten (100%) patients who
underwent a LND had positive cervical nodal disease. Nine of
these (90%) had lateral neck node involvement. Two of the ten
(20%) had an ipsilateral LND and eight (80%) had a bilateral
LND. Both (100%) who had an ipsilateral LND and seven of the
eight (87.5%) who underwent bilateral LND had lateral nodal
involvement. In the low-calcitonin group, all four (100%) patients
who underwent a LND had an ipsilateral lateral dissection. All
four (100%) had positive cervical nodal disease, with three
(75%) having lateral neck node involvement.

Clinically evident disease in the lateral neck (e.g.
lymphadenopathy on examination and suggestive changes to
the lateral nodes on imaging) formed the basis for the LNDs on
patients in the low-calcitonin group. One patient in this group
exhibited a concurrent borderline preoperative calcitonin level of
195ng/I.

Preoperatively, seven patients in the high-calcitonin group,
and four in the low had nodal involvement on imaging (cN1). Of
those who were node-negative preoperatively (cNO), nine had
histological nodal metastases (pN1). Eight were from the
high-calcitonin group, with central nodes involved in only five
patients. Two patients had distant metastases (M1) before
starting adjuvant therapy.

Nine (36%) patients received adjuvant radiotherapy, one (4%)
chemotherapy, one (4%) palliative chemotherapy and
radiotherapy, 13 (52%) no therapy and one (4%) had none
mentioned. Four patients (15%), all from the high-calcitonin
group, had locoregional recurrence, of whom three (75%)
underwent a central dissection and one (25%) a LND.
Additionally, none received adjuvant therapy, and two (50%)
had a RET mutation.

ENT consultants operated on 18 (72%) patients and general
surgeons on seven (28%). No (0%) surgeries were complicated
by chyle leak/bleeding. Five (20%) suffered nerve injuries—
three (12%) in the high-calcitonin group and two (8%) in the
low-calcitonin group. Four of the five (80%) who suffered nerve
injuries had a LND. Two patients suffered recurrent laryngeal

nerve injuries, two had injuries to cervical plexus branches, and
one had an injury to both.

A Pearson Correlation Coefficient found a significant,
moderate positive correlation between preoperative calcitonin
levels and index tumour size (R=0.70, p<0.01) (Figure 1).

Nodal yield

Across all patients, 994 lymph nodes were removed. A total of
256 (26%) were cancerous based on histopathology. In the
high-calcitonin group, 817 nodes were removed, with 230 (28%)
being cancerous. In the low-calcitonin group, 177 nodes were
removed, with 26 (15%) being histologically involved.

An independent t-test showed no difference between the number
of nodes removed (mean difference=19.1, p=0.24), nodes involved
(mean difference=8.7, p=0.056), and proportion of involved nodes
(mean difference=9.7%, p=0.41) between the two groups. Table 2
shows the nodal yield and involvement at each level.

Survival analysis

Survival analysis using log-rank (Mantel-Cox) testing found no
significant difference in absolute survival (p=0.960, hazard ratio
(HR) 1.06, 95% confidence interval (Cl) 0.11-9.89) or
disease-free survival (p=0.817, HR 1.28, 95% CI 0.17-9.90)
between the high and low-calcitonin groups (Figure 2a, b).

There was also no significant difference in absolute or
disease-free survival between all patients who had LNDs and
CNDs across both groups. Interestingly, and statistically
insignificant, the HR was over two times higher in the LND
group with respect to absolute survival (HR 2.35, 95% CI 0.33—
16.94, p=0.444) (Figure 2c, d).

Subgroup analysis of central vs lateral neck dissection in the
high-calcitonin group found no significant difference in absolute
survival (p=0.607, HR 0.55, 95% CI 0.06-5.30) or disease-free
survival (p=0.129, HR 8.78, 95% Cl 0.53—-145.1) (Figure 2e, f).

Preoperative vs postoperative calcitonin

Of all 25 patients in the study, only 3 (12%) saw a rise from their
preoperative calcitonin to their most recent postoperative level.
Of these, two were in the low-calcitonin group and had CND,
and one was in the high-calcitonin group and had LND
(Figure 3a—c).

The patient in the high-calcitonin group with a higher
postoperative calcitonin level had identified mediastinal
metastases (M1 disease) and received no adjuvant therapy.
The two patients in the low-calcitonin group with higher

Ann R Coll Surg Engl 2025; 107: 199—205

201




Calcitonin and medullary thyroid cancer survival

50 4
40 4
E
E
[0
N
w 30 4
=
-
<)
E
=
-
5 20
°
=
-0
e
L ]
104
®
®
L
0 10,000 20,000 30000 40,000
Pre-operative Calcitonin Levels (ng/l)
Figure 1 Scatter plot of preoperative calcitonin levels (ng/l) in thousands versus size of index tumor (mm). Pearson correlation coefficient
found a moderate positive correlation between preoperative calcitonin levels and index tumour size (R=0.70, p<0.01).

Table 2 Number of nodes removed, involved and proportion (%) at each level in the ipsilateral and contralateral neck

High (N=18) Low (N=7) Total (N=25)
Levels Involved Removed % Involved Removed % Involved Removed %
Ipsilateral | 2 15 13 0 0 - 2 15 13
Ipsilateral Il 46 185 25 1 52 2 47 237 20
Ipsilateral 11 41 80 51 8 28 29 49 108 45
Ipsilateral IV 28 83 34 2 26 30 109 28
Ipsilateral V 24 85 28 1 27 4 25 112 22
Contralateral | 0 0 - 0 0 - 0 0 -
Contralateral Il 6 67 0 0 - 6 67
Contralateral llI B 63 0 0 - 8 63
Contralateral IV 9 65 14 0 0 - 9 65 14
Contralateral V 0 24 0 0 0 - 0 24 0
Level VI (Central) 71 149 48 14 44 32 85 193 44%
Level VIl (Mediastinal) 0 1 0 0 0 - 0 1 0%

calcitonin postoperatively had no identifiable disease recurrence
and received no adjuvant therapies. One patient in the
high-calcitonin group had no recorded postoperative calcitonin.

Nine of the ten (90%) patients in the high-calcitonin group who
underwent LND had a lower postoperative calcitonin compared
with their preoperative level (Figure 3d). Similarly, all patients in
the high-calcitonin group who underwent CND saw their most
recent postoperative calcitonin level fall below their preoperative
level (Figure 3e).
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Discussion

This study assessed oncological outcomes for patients with MTC
from a single institution, focusing on the use of preoperative
calcitonin levels and subsequent lateral/central neck dissection.
A preoperative calcitonin cut-off of 200ng/l was used to
delineate high- from low-calcitonin groups.'%®

Overall, there was no statistically significant difference in
overall survival or disease-free survival between groups. In




Calcitonin and medullary thyroid cancer survival

(a) ] “ High group (b) 4 “ High group
100}—=—v—r - 1004~ —— Low grou
Low group 4 group
g L . . E .
@ h ] b ==
£ 50 = £ 50
@ 1 Q ]
o g ]
[ ] 1
o o b
o T T T T 1 0 T T T T 1
0 50 100 150 200 250 0 50 100 150 200 250
Absolute survival (Months) Disease free survival (months)
(©) (d)
~ Lateral neck dissection 100 ~ Lateral neck dissection
100: —— Central neck dissection _ —— Central neck dissection
£ L — : S
€ <
= =
0 n
t 504 £t 50
@ ] @
£ 2 —
[ @
o o
0 : 1 ] L] 1 1 0 1 1 L] i T 1
0 50 100 150 200 250 0 50 100 150 200 250
Absolute survival (Months) Disease free survival (months)
(6) - Lateral neck dissection (f) Lateral neck dissection
100‘_*"‘|—‘ —— Central neck dissection 100 : A2 + —— Central neck dissection

po—

Percent survival
2
1
Percent survival
o
o
1

T T T T
0 50 100 150 200

1 1 1 T 1
3 0 50 100 150 200 250
Absolute survival (Months)

Disease free survival (months)

Kaplan—Meier curves. (a) Overall survival in patients with MTC stratified by preoperative calcitonin levels (high group n=18, low
group n=7); log-rank p=0.960, HR 1.06 (95% CI 0.11-9.89). (b) Disease-free survival in patients with MTC stratified by preoperative
calcitonin levels (high group n=18, low group n=7); log-rank p=0.817, HR 1.28 (95% CI 0.17-9.90). (c) Absolute survival in patients with
MTC stratified by the type of neck dissection performed (LND n=14, CND n=11); log-rank p=0.444, HR 2.35 (95% CI 0.33-16.94). (d)
Absolute survival in patients with MTC stratified by the type of neck dissection performed (LND n=14, CND n=11); log-rank p=0.591, HR
1.58 (95% CI 0.31-7.90). (e) Absolute survival in patients with MTC and a preoperative calcitonin >200ng/I (high-calcitonin group)
stratified by the type of neck dissection performed (LND n=10, CND n=8); log-rank p=0.607, HR 0.55 (95% CI 0.06-5.30). (f)
Disease-free survival in patients with MTC and a preoperative calcitonin >200ng/l (high-calcitonin group) stratified by the type of neck
dissection performed (LND n=10, CND n=8); log-rank p=0.129, HR 8.784 (95% CI 0.53-145.1).

CI = confidence interval; CND = central neck dissection; HR = hazard ratio; LND = lateral neck dissection; MTC = medullary thyroid
carcinoma.

each group, the extent of neck dissection for each patient was
guided by MDT consensus, as opposed to randomisation. The
low-calcitonin group was, on average, 13.4 years older. Age,
postoperative calcitonin, index tumour size and nodal

lateral neck metastases. Those with a calcitonin >200ng/l had
an increased likelihood of contralateral neck metastases. Given
the findings of Machens et al, the use of a lower cutoff value
(e.g. 100ng/l) would likely decrease the proportion of those in

involvement have all previously been found to impact
survival.'®"”

Poorer survival associated with age described in existing
literature has the potential to bias survival outcomes in the
low-calcitonin group towards the poorer end of the spectrum—
something not seen with our data.

Cutoff value

As previously referenced, the use of a cutoff value of 200ng/I to
determine high- and low- calcitonin groups was based on study
findings by Machens et al.'® Patients with a preoperative
calcitonin >50ng/l had an increased likelihood of ipsilateral

the high-calcitonin group who had lateral neck metastases.
Conversely, a higher cutoff value would increase the proportion
of patients in the high-calcitonin group who had lateral neck
metastases.

Index tumour size

The average index tumour size was 10.7mm larger in the
high-calcitonin group. Index tumours larger than 20mm have
been associated with increased disease-specific mortality."”
Higher calcitonin levels have been correlated previously with
larger index tumours and more nodal metastases.”” The
Pearson correlation coefficient showed a statistically significant

Ann R Coll Surg Engl 2025; 107: 199—205
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Figure 3 Graphs showing comparison between preoperative (blue) and most recent postoperative (red) calcitonin levels. (a) All patients
(n=25). (b) Low-calcitonin group (n=7). (c) High-calcitonin group (n=18). (d) Patients in the high-calcitonin group undergoing LND
(n=10). (e) Patients in the high-calcitonin group undergoing CND (n=8).

positive correlation between the index tumour size and the
preoperative calcitonin level (R=0.70; p<0.01). Altogether, this
could suggest that preoperative calcitonin >200ng/ml should be
used as an indicator of the need for a prophylactic LND.

We found that calcitonin was a good diagnostic marker for
MTC and was correlated with tumour size. However, it was
inadequate for identifying nodal metastases, as there was no
significant difference in the number or proportion of involved
nodes between the high and low groups. Previous studies
suggest that prophylactic LND in patients with a calcitonin
>200ng/l is not associated with improved survival outcomes.'®

Preoperative vs postoperative nodal status

Eight patients from the high-calcitonin group who were
node-negative preoperatively (cNO) had nodal involvement on
postoperative histology (pN1). The affected nodes were from
the central neck only in five of these eight (63%). This suggests
that if patients are initially node negative (cNO), despite high
calcitonin levels, they only had nodal involvement in the central
neck, so were still node negative in the lateral neck. Therefore,
there may be benefit to performing selective LND as opposed to
LND based on a high-calcitonin level alone.

204

Ann R Coll Surg Engl 2025; 107: 199—205

Survival data

At 60 months, the survival probability in the high-calcitonin group
was 83% compared with 100% in the low-calcitonin group. This
could be a potentially clinically significant difference, albeit not
statistically significant due to MTC being a rare disease with a
small patient cohort.

Given patients with a preoperative calcitonin >200ng/l should
ideally receive a prophylactic LND, records were reviewed to
ascertain why eight in the high-calcitonin group underwent a
CND only. Comorbidities and MDT decisions surrounding lack
of clinically evident disease in the lateral neck formed the basis
for this.

Subgroup analysis of the high-calcitonin group, albeit
statistically insignificant, showed that there was a difference in
absolute survival at 100 months between those who had a LND
(83% survival probability) and those who had a CND (63%
survival probability). The lack of significance could be viewed as
a reason to use a selective approach to LND, even in the
presence of a calcitonin >200ng/l, due to the increased
complications associated with LND and lack of a significantly
improved survival.'®

Furthermore, the disease-free survival probability at 100
months was lower in those that had a LND (86% vs 100%). The
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difference was even more pronounced at 150 months (43% vs
100%). Despite the small sample size, this suggests that the
intended benefit of a prophylactic LND (early removal of
micrometastases to prevent disease spread/recurrence) is not
seen long term. This raises the question of whether a selective
approach to LND based on clinical and radiological evidence
would be better, given the higher risk of complications
associated with the procedure.

Young patients with familial disease are at high risk of
locoregional recurrence®’; therefore, this group would potentially
benefit from a more aggressive surgical approach.

Strengths and limitations
This study has several limitations. First, retrospective studies come
with inherent bias. Additionally, significant advances in imaging
modalities and systemic treatments during the study period create
the potential for errors generated by comparing eras. Finally, as
this is a single-centre study, associations and outcomes were
assessed on 25 patients only, underpowering the findings.
Conversely, acknowledging that MTC is rare (only 1-2% of all
thyroid cancers) is important.? A study reflecting on a single
centre’s experiences, like ours, may lack statistical power but is
hypothesis generating. Spanheimer et al demonstrated similar
findings with a much larger study (316 patients) over a longer
timeframe (31 years vs 21 years in our study).'® Furthermore,
this study creates scope for a larger, multicentre study across
London, or other national centres, in the near future for validation.

Conclusion

In conclusion, we found no statistically significant difference in
oncological outcomes between high- and low-calcitonin groups.
Suggestions that calcitonin levels above 200 ng/l should be
used to guide need for a prophylactic LND are therefore
debatable without a survival advantage. The alternative of
performing selective LND based on advanced imaging, such as
Dotatate positron emission tomography-CT scanning, should be
explored further, given the complication rate of a LND increases
as the LND range becomes more radical. Accordingly, ensuring
lateral nodal involvement before undertaking a LND is of great
importance in decreasing the incidence of major complications.
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