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BACKGROUND: Post-tonsillectomy hemorrhage (PTH) affects around 
4% of patients after tonsillectomy. We hypothesized that preoperative 
thromboelastography (TEG) might identify patients at higher risk of 
PTH.
OBJECTIVE: Investigate whether evaluation of coagulation function 
by preoperative TEG might help to predict PTH after tonsillectomy by 
coblation tonsillectomy (TE).
DESIGN: Post-hoc analysis of randomized controlled study. 
SETTING: Otolaryngology Department between January 2017 and 
August 2019.
PATIENTS AND METHODS: This post-hoc analysis included adults 
who underwent coblation TE for benign tonsillar disorders. Routine 
blood tests and TEG were performed preoperatively. The TEG 
parameters evaluated included coagulation reaction time (R) and 
maximum thrombus amplitude (MA). 
MAIN OUTCOME MEASURES: The main outcome was PTH during 
the 4-week postoperative period.
SAMPLE SIZE AND CHARACTERISTICS: 284
RESULTS: The 19 patients (6.7%) that experienced PTH had a higher 
prevalence of diabetes mellitus, lower use of intraoperative suturing, 
fewer patients with grade I and II tonsillar enlargement, a higher 
white blood cell count, lower platelet count, lower fibrinogen level, 
lower R value, and a lower MA value than patients without PTH (all 
P<.05). Multivariate logistic regression revealed that diabetes mellitus 
(P<.053), fibrinogen level ≤2.735 g/L (P<.027), R≤6.55 min (P<.011) 
and MA≤59.15 mm (P<.012) were independently associated with PTH. 
A regression model incorporating these four factors predicted PTH 
with a sensitivity of 73.7% and specificity of 83.8%.
CONCLUSION: Preoperative evaluation of diabetes mellitus history, 
fibrinogen level, and TEG parameters might help to identify patients 
at higher risk of PTH after coblation TE.
LIMITATIONS: Single-center study with a small sample size; possibly 
underpowered statistically. TEG measurements might not accurately 
reflect coagulation function, and a validation cohort was unavailable.
CONFLICT OF INTEREST: None.
CHINESE CLINICAL TRIAL REGISTRY NUMBER OF STUDY USED 
IN THIS ANALYSIS: ChiCTR2000032171. http://www.chictr.org.cn/
showprojen.aspx?proj=52553
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Tonsillectomy (TE) is used in the management of 
chronic tonsillitis, benign tonsillar tumors, and 
obstructive sleep apnea-hypopnea syndrome 

caused by tonsillar hypertrophy.1,2 Coblation TE involves 
the passing of radiofrequency energy through a 
conductive medium (e.g., saline) to generate a plasma 
field that breaks tissue bonds and coagulates blood 
vessels at much lower temperatures (40-70ºC) than 
electrosurgery (>100ºC).3 Coblation TE has advantages 
over conventional tonsillectomy, including a shorter 
operation time, less intraoperative blood loss and tissue 
injury, less postoperative pain, earlier restoration of 
normal diet and activities, and lower recurrence rate.3-7 

Severe complications are uncommon after 
tonsillectomy but include post-tonsillectomy 
hemorrhage (PTH), infection, and excessive wound 
scarring. PTH affects ~4% of patients after coblation 
TE.8 Furthermore, PTH incidence may be higher for 
coblation TE than for conventional TE,3,6,9 although not 
all studies support that finding.10,11 Risk factors for PTH 
include age ≥12 years or ≥15 years (depending on the 
study), male sex, operator experience, and coblation 
TE as the technique.12,13 The development of a method 
to evaluate PTH risk preoperatively would help identify 
patients requiring closer postoperative monitoring and 
facilitate earlier intervention if PTH were to occur.

Thromboelastography (TEG) can identify individuals 
with hypercoagulable blood and facilitate hemostasis 
and transfusion management in major surgery and 
trauma.14 TEG provides a comprehensive functional 
analysis of coagulation factors, fibrinogen, platelets, and 
fibrinolytic processes15 and is considered a useful tool for 
the perioperative monitoring of coagulation function in 
surgical patients.16 TEG measures several coagulation-
related features such as the velocity of blood clot 
formation and blood clot stability and amplitude. TEG 
yields information regarding risk factors for bleeding 
that is not provided by conventional tests of coagulation 
factor levels.17 Furthermore, the sensitivity and specificity 
of TEG for bleeding and thrombogenesis are higher 
than conventional tests of coagulation function.18 TEG 
has been applied as a point-of-care viscoelastic test of 
hemostasis in various types of surgery.19

We hypothesized that preoperative TEG might 
identify patients at higher risk of PTH. Therefore, the 
aim of this study was to evaluate whether parameters 
measured by preoperative TEG were associated with 
PTH in patients who underwent coblation TE.

PATIENTS AND METHODS
This article documents a post-hoc analysis of a previous 
randomized controlled study assessing whether suture 

of the palatopharyngeal arch, palatoglossal arch, and 
tonsillar fossa reduced PTH incidence after coblation 
TE.20 This post-hoc analysis included adult patients who 
underwent coblation TE for benign disorders, including 
chronic tonsillitis, benign tonsillar tumor, and tonsillar 
hypertrophy, at the Otolaryngology Department, 
between January 2017 and August 2019. The Ethics 
Committee approved this study. The original study20 

had been approved by the Ethics Committee of our 
hospital (No. LL-KY-2020035), and all patients had 
provided informed written consent. The original trial 
was registered on the Chinese Clinical Trial Registry as 
ChiCTR2000032171.

The inclusion criteria were age ≥18 years old, 
diagnosis of chronic tonsillitis, tonsillar hypertrophy, or 
benign tonsil mass according to postoperative pathology, 
and being scheduled to undergo coblation TE. The 
exclusion criteria were pregnancy or menstruation, acute 
tonsillitis or pharyngeal inflammation during the previous 
2 weeks (based on the inquiry of medical history, clinical 
examination, and laboratory blood routine test), use of 
aspirin during the week before surgery, or personal or 
family history of coagulation disorders. The withdrawal 
criteria were diagnosis of malignant tumor according to 
postoperative pathology or failure to complete follow-up. 

Surgical methods
The operations were performed by the same surgeon, 
who had >10 years of professional experience. Surgery 
was performed under orotracheal intubation and 
intravenous combined anesthesia with the patient 
in the supine position. The oropharynx was exposed 
with a mouth gag, and coblation TE was performed 
using a G33E51 disposable scalpel low-temperature 
plasma surgical system (Jiexiehuizhong Company, 
Beijing, China). The energy power was set at level 7 
for intraoperative resection and level 3 for hemostasis. 
A nasal endoscope was used for illumination and 
visualization. For patients who did not undergo suture, 
the plasma knife was positioned close to the tonsillar 
capsule to cut the mucosa, and the tonsil was completely 
resected from the superior pole to the inferior pole. 
Subsequently, a nasal endoscope was used to carefully 
examine the wound surface, and the surgical cavity was 
rinsed with normal saline after hemostasis had been 
achieved with a plasma knife. Surgery was completed 
after re-examination of the wound surface to exclude 
bleeding.

For patients who underwent suture, the tonsil was 
removed as described above, and the palatine arch and 
extra-capsular tissues were protected during surgery 
to avoid substantial injury. Once hemostasis had 
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been achieved, Vicryl 3-0 thread was used for three-
spicule interrupted suture of the full-layer tissues of the 
palatopharyngeal arch, palatoglossal arch, and tonsillar 
fossa from the inferior pole to the superior pole of the 
tonsillar fossa. Then, the surgical cavity was rinsed 
with normal saline and carefully examined to exclude 
bleeding.

All patients were fasted for 6 h after surgery and then 
given a soft diet for 2 weeks. Patients were recommended 
to use mouthwash regularly and painkillers or antibiotics 
as needed. All patients were observed in the hospital for 
1 week after surgery and followed up at the outpatient 
department once weekly for 3 weeks after discharge. 
Wound bleeding status and the growth and fall-off of 
the pseudo-membrane on the tonsillar fossa wound 
were evaluated at each follow-up visit.

Investigations and outcome measures
Routine blood tests and coagulation function tests, 
including red blood cell count (RBC; reference range, 
4.0-5.5×1012/L), white blood cell count (WBC; reference 
range, 4-10×109 /L), platelet count (PLT; reference range, 
100-300×109/L), hemoglobin concentration (reference 
range, 120-160 g/L) and fibrinogen level (reference 
range, 2-4 g/L), were performed preoperatively. 

The TEG parameters evaluated preoperatively, within 
3 days before surgery, were coagulation reaction time 
(R), the kinetics of clot development (K), alpha angle (α), 
and maximum thrombus amplitude (MA) (Figure 1). R 
(time to initiation of coagulation; reference range, 5-10 
min) was measured as the latency from the start of the 
test to the first sign of clot formation and reflects the 
functions of coagulation factors. K (time to blood clot 
formation; reference range, 1-3 min) was measured as 
the time taken from the end of R to reach an amplitude 
of 20 mm and reflects fibrinogen function. α (velocity 
of blot clot aggregation; reference range, 53-72º) was 
measured as the angle between the tangent to the 
maximum radian of the thromboelastogram curve and 
the horizontal and is influenced by the fibrinogen level. 
MA (maximal strength of the clot; reference range, 50-
70 mm) was measured as the largest amplitude of the 
trace and reflected fibrinogen and platelet function. 
The main outcome was PTH. PTH was defined as any 
bloody secretions appearing in the surgical cavity 
within 4 weeks after surgery.20 As a secondary outcome, 
pain intensity during the first 3 days after surgery was 
evaluated using a visual analog scale.

Statistical analysis
IBM SPSS version 22.0 (IBM, Armonk, NY, USA) was 
used for the post-hoc analysis. PTH patients were 

compared with non-PTH patients. Normally distributed 
quantitative data are described as mean and standard 
deviation and were compared between groups using 
the t test for independent samples. Non-normally 
distributed quantitative data are described as median 
(range) and were compared between groups using the 
Mann-Whitney U test. Qualitative data are expressed 
as n (%) and were compared between groups using 
the chi-squared test or the Fisher exact test (expected 
frequency <5). Receiver operating characteristic 
(ROC) curve analyses were performed to assess the 
association of various parameters with PTH. The area 
under the ROC curve (AUC), optimal cut-off value 
(based on the Youden index), sensitivity, and specificity 
were calculated. Univariate and multivariate logistic 
regression analyses with forward (likelihood ratio) 
selection were used to identify factors associated with 
PTH. Odds ratios (OR) and 95% confidential intervals 
(95% CIs) were calculated. P<.1 was considered 
statistically significant.

RESULTS
Nineteen of the 284 patients (6.7%) experienced PTH. 
There were no significant differences between the PTH 
and non-PTH patients in gender, age, disease course, 
body mass index, smoking status, alcohol consumption, 
the prevalence of hypertension, medical history other 
than hypertension/diabetes mellitus (DM), or indication 
for coblation TE (Table 1). However, the PTH patients 
had a higher prevalence of DM (P=.048), lower use of 
intraoperative suturing (P=.009), and fewer patients 
with grade I/II tonsillar enlargement (P=.027) than 
the non-PTH patients. None of the patients received 
preoperative drugs that could affect coagulation (e.g., 
tranexamic acid). The PTH patients had a significantly 

Figure 1. Schematic diagram illustrating the measurement of 
thromboelastography parameters from a thromboelastogram. R: coagulation 
reaction time; K: kinetics of clot development; α: alpha angle; MA: maximum 
thrombus amplitude.
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Table 1. Baseline clinical characteristics of the study participants.

Characteristic
Post-

tonsillectomy 
hemorrhage

(n=19)

No post-
tonsillectomy 
hemorrhage

(n=265)
P

Age (years) 43 (26–57) 44 (18–71) .606

Gender

   Female 10 (52.6) 121 (45.7)
.556

   Male 9 (47.4) 144 (54.3)

Disease course 
(years) 6 (2–11) 6 (1–15) .966

Body mass index 
(kg/m2) 21.6 (19.0–25.0) 21.6 (19.0–26.0) .434

Current smoker 9 (47.4) 89 (33.6) .222

Alcohol consumption 1 (5.3) 26 (9.8) .999

Hypertension 5 (26.3) 36 (13.6) .167

Diabetes mellitus 4 (21.1) 18 (6.8) .048

Other disease history 2 (10.5) 4 (1.5) .054

Intraoperative suture

   Yes 4 (21.1) 138 (52.1)
.009

   No 15 (78.9) 127 (47.9)

Diagnosis

   Chronic tonsillitis 15 (78.9) 194 (73.2)

.828
   Tonsillar 
   hypertrophy 4 (21.1) 55 (20.8)

   Benign tumor of 
   the tonsila 0 16 (6.0)

Degree of tonsillar 
enlargement

   I 2 (10.5)b 89 (33.6)

.027   II 16 (84.2)b 139 (52.5)

   III 1 (5.3) 37 (14.0)

Data are expressed as median (range) or n (%). Post-tonsillectomy hemorrhage. aIncluding tonsillar cysts, 
polyps and papillomas. bRepresented a significant difference between PTH group and non-PTH group. 

higher WBC (P=.042), lower PLT (P=.065), lower 
fibrinogen level (P=.063), lower R (P=.014) and lower 
MA (P=.031) than the non-PTH patients (Table 2). There 
were no significant differences between groups in 
RBC, hemoglobin level, K or angle α the PTH patients 
had significantly higher pain scores on postoperative 
day 1 P=.029), postoperative day 2 (P=.009) and 
postoperative day 3 (P=.033).

ROC curve analyses established optimal cut-off 

values for WBC, PLT, fibrinogen level, R, and MA (Table 
3). However, the AUC values for all these parameters 
were <0.7, suggesting that these indicators have poor 
predictive value when used alone.

Univariate logistic regression indicated that history 
of DM, intraoperative suturing, tonsillar enlargement 
grade, WBC, PLT, fibrinogen level, R, and MA were 
associated with PTH (Table 4). Multivariate logistic 
regression revealed that history of DM (P=.053), 
fibrinogen level ≤2.735 g/L (P=.027), R≤6.55 
min (P=.011) and MA ≤59.15 mm (P=.012) were 
independently associated with PTH (Table 4).

Diagnostic accuracy data was generated based on 
the factors identified in the multivariate analysis (history 
of DM, fibrinogen level ≤2.735 g/L, R ≤6.55 min, and 
MA ≤59.15 mm). ROC curve analysis (Figure 2) showed 
that the AUC of the four-parameter model was 0.828 
(95% CI=0.746-0.911), indicating that the model had a 
good predictive ability. At an optimal cut-off value of 
0.151, the sensitivity and specificity were 73.7% and 
83.8%, respectively.

DISCUSSION
PTH occurred in 6.7% (19/284) of adults who underwent 
coblation TE for benign tonsillar disorders. Multivariate 
logistic regression revealed that a history of DM, 
fibrinogen level ≤2.735 g/L, R≤6.55 min, and MA 
≤59.15 mm were independently associated with PTH. A 
regression model incorporating these four parameters 
predicted PTH with an AUC of 0.828, a sensitivity of 
73.7%, and a specificity of 83.8%. Our findings indicate 
that preoperative evaluation of DM history, fibrinogen 
level, and TEG parameters might help identify patients 
at higher risk of postoperative hemorrhage after 
coblation TE.

The incidence of PTH in this study is consistent 
with previously reported incidences of 0.3%-10% after 
tonsillectomy.8,21,22 Coblation TE has several advantages 
over conventional tonsillectomy including minimal 
invasiveness, clearer surgical field, reduced tissue 
injury and less intraoperative blood loss.6 However, 
the incidence of PTH, especially secondary PTH, 
may be higher for coblation TE than for conventional 
tonsillectomy,3,6,9,23 although not all investigators 
agree.10,11 Postoperative hemorrhage often occurs 
during the night24 and at about 7 days after surgery, 
which is usually after discharge from the hospital. 
Therefore, PTH can catch clinicians and patients 
unprepared, which increases the risks to patients. 
Identifying risk factors for PTH would help to screen out 
patients requiring closer observation.
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Table 2. Comparison of preoperative blood test results, preoperative 
thromboelastography parameters and postoperative pain intensity between 
patients with and without post-tonsillectomy hemorrhage.

Parameter
Post-

tonsillectomy 
hemorrhage  

(n=19)

No post-
tonsillectomy 
hemorrhage 

(n=265)
P

Blood test results

Red blood cell count 
(×1012/L) 4.62 (3.66–5.79) 4.64 (3.27–5.96) .706

White blood cell 
count (×109/L) 6.76 (4.21–10.92) 5.97 (3.1–11.79) .042

Hemoglobin (g/L) 131.88 
(99.26–170.11)

136.23 
(83.59–206.85) .786

Platelet count (×109/L) 161.18 
(104.23–295.26)

172.82 
(99.88–354.37) .065

Fibrinogen (g/L) 2.33 (2.05–4.09) 2.65 (1.94–4.19) .063

Thromboelastography 
parameters

   Coagulation 
   reaction time (R) 
   (min)

5.70 (5.20–9.60) 6.50 (5.00–9.20) .014

   Kinetics of clot 
   development (K)    
   (min)

1.70 (1.20–2.60) 1.70 (1.00–2.90) .767

   α angle (º) 61.20 
(52.20–71.40)

62.30 
(51.00–71.90) .473

Maximum thrombus 
amplitude (mm)

57.10 
(51.20–65.10)

59.60 
(50.10–71.60) .031

Postoperative pain 

   Day 1 3.02 (1.00–4.00) 2.48 (1.00–4.00) .029   

   Day 2 6.30 (4.00–8.00) 5.56 (2.00–8.00) .009

   Day 3 4.19 (1.00–6.00) 3.01 (1.00–7.00) .033

Data are expressed as median (range). 

Our multivariate analysis identified four factors 
independently associated with PTH: a history of DM, 
fibrinogen level ≤2.735 g/L, R≤6.55 min, and MA 
≤59.15 mm. The latter three parameters directly reflect 
the function of the coagulation system. A previous 
investigation reported that PTH occurrence was 
associated with hyperactivation of fibrinolysis, which 
might inhibit blood clot formation in the wound and 
cause clots to dissolve more rapidly.25 In agreement 
with our finding, prior studies have demonstrated 
that a low plasma fibrinogen level may be associated 
with PTH.26,27 Although not all investigators believe 
that a comprehensive assessment of preoperative 
coagulation function can identify patients at risk of 
PTH,28,29 this may reflect the limitations of conventional 
tests of coagulation factor levels. TEG is thought to 
provide more detailed information about risk factors 
for bleeding than conventional tests of coagulation.17,18 

TEG has been used to evaluate hemorrhage risk after 
knee surgery,30 pediatric cardiac surgery,31 and other 
procedures.19 We found that R≤6.55 min and MA ≤59.15 
mm were independently associated with increased PTH 
risk. R measures the time to initiation of coagulation 
and reflects the functions of various coagulation factors, 
while MA measures maximal clot strength and reflects 
the integrated functions of fibrinogen and platelets. 
A recent pilot study suggested that TEG might be a 
useful coagulation test in patients undergoing invasive 
interventions, including tonsillectomy.32 Nevertheless, 
our study is the first to show that preoperative TEG 
parameters potentially could be used to facilitate PTH 
risk prediction in adults undergoing coblation TE. 
Indeed, a regression model incorporating a history of 
DM, preoperative fibrinogen level, R, and MA predicted 
PTH with an AUC of 0.828, a sensitivity of 73.7%, and a 
specificity of 83.8%.

Table 3. Receiver operating characteristic curve analyses. 

AUC SE P 95% CI Cut-off Youden 
index Sensitivity Specificity

White blood cell count 0.639 0.064 .042 0.514–0.765 6.485 0.303 68.4% 61.9%

Platelet count 0.627 0.065 .065 0.492–0.762 135.9 0.247 42.1% 82.6%

Fibrinogen 0.628 0.071 .063 0.488–0.767 2.735 0.302 84.2% 46.0%

Coagulation reaction 
time (R) 0.669 0.056 .014 0.559–0.779 6.55 0.359 89.5% 46.4%

Maximum thrombus 
amplitude (MA) 0.648 0.056 .031 0.538–0.758 59.15 0.347 78.9% 55.8%

AUC: area under the receiver operating characteristic curve; SE: standard error 
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Table 4. Univariate and multivariate logistic regression analyses of factors associated with post-tonsillectomy hemorrhage (n=284).

Univariate analysis Multivariate analysis

Odds ratio 95% CI P Odds ratio 95% CI P

Diabetes Yes vs. No 3.659 1.100–12.177 .034 3.707 0.984–13.967 .053

Suture Yes vs. No 0.245 0.079–0.759 .015

Tonsil enlargement II/III vs. I 4.298 0.971–19.018 .055

Blood parameters

   White blood cell 
   count  (×109 /L)

>6.485 vs. 
≤6.485 3.518 1.296–9.55 .014

   Platelet count 
   (×109/L)

≤135.9 vs. 
>135.9 3.462 1.32–9.085 .012

   Fibrinogen (g/L) ≤2.735 vs. 
>2.735 4.55 1.295–15.986 .018 4.375 1.185–16.16 .027

Thromboelastography 
parameters

   Coagulation (min) ≤6.55 vs. 
>6.55 7.363 1.668–32.503 .008 7.036 1.551–31.923 .011

   Maximum thrombus 
   amplitude (mm)

≤59.15 vs. 
>59.15 4.744 1.533–14.674 .007 4.5 1.394–14.53 .012

Model summary measures: deviance: 13.0, Nagelkerke R square: 0.488, Overall model test: .098).

Intraoperative suture to close damaged blood vessels 
is an effective method of hemostasis. All tonsillectomy 
techniques predispose to bleeding by damaging 
tissues and blood vessels in the tonsillar fossa.33 
Postoperatively, a protective pseudo-membrane forms 
over the wound and then gradually falls off during 
recovery. However, wound infection, early intake of 
solid/hot food, and frequent coughing can induce 
pseudo-membrane instability and hemorrhage.34 
Some patients in this study underwent intraoperative 
suturing to close the wound in the tonsillar fossa with 
the aim of reducing wound exposure to food, infection 
risk, and postoperative pain. Previously published 
data in this cohort showed that intraoperative suture 
reduced secondary PTH incidence and PTH severity, 
with no patients in the suture group experiencing 
primary PTH.20 Therefore, intraoperative suturing may 
help reduce PTH incidence, especially in patients at 
higher risk of hemorrhage after coblation TE.

TEG is widely used in emergency trauma, intensive 
care, gynecology, obstetrics, cardiovascular surgery, 
hepatobiliary surgery, and other surgical departments. 

Figure 2. Receiver operating characteristic curve for 
the prediction of post-tonsillectomy hemorrhage by a 
regression model that included four factors: history of 
diabetes mellitus, preoperative fibrinogen level ≤2.735 
g/L, preoperative coagulation reaction time (R) ≤6.55 min 
and preoperative maximum thrombus amplitude (MA) 
≤59.15 mm. Diagonal segments were produced by ties.
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As the main means to detect the coagulation function 
of perioperative patients, it is accepted and applied 
by an increasing number of clinicians because of its 
simple application, intuitive detection parameters, 
and graphics, and can simulate the whole process 
from the formation of blood clots to the dissolution of 
blood clots. This technology is the same as a routine 
blood test. In China, there are unified normal value 
standards for testing, and there are regular calibration 
requirements. Still, whether the values and threshold 
are the same across ethnicities is unknown and will be 
to be examined.

This study has limitations. This was a single-center 
study, and all operations were performed by the same 
surgeon. Hence, external validity is limited, and the 
generalizability of the findings remains unknown. 
Second, the sample size was quite small, so the 
study may have been insufficiently powered to detect 
some real differences between groups. Patients with 
obstructive sleep apnea were excluded because they 
also have abnormalities in coagulation, weight, blood 
pressure, cardiac function, respiratory status, and blood 
lipids. In addition, they often undergo soft palate 
ablation, while the present study only included TE. 
Third, TEG was conducted within 3 days before surgery 
but not on the day of surgery. Therefore, the TEG 
measurements might not reflect coagulation function 
on the day of surgery. Fourth, the performance of our 
four-factor regression model was not assessed in a 
validation cohort. Fifth, the PT and APTT of the patients 
were detected in the preoperative routine coagulation 
function test, and the normal values were confirmed 
before they were included in the study groups. Because 
the PT and APTT values of the patients were normal, we 

did not carry out a correlation analysis between them 
and TEG detection parameters. Some parameters like 
AEC and CRP were not measured. Finally, the study 
aimed to examine preoperative parameters that could 
help predict PTH after coblation TE, but the surgery 
itself will introduce factors that can change the patient’s 
coagulation status and hence the risk of PTH, especially 
considering that the recovery period after TE is 2 
weeks. Future studies could also include intraoperative 
or immediately postoperative parameters. Preoperative 
evaluation of DM history, fibrinogen level, and TEG 
parameters might help to identify patients at risk of 
PTH after coblation TE. Additionally, intraoperative 
suturing may help to reduce PTH incidence, particularly 
in patients at higher risk of PTH.
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