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ORIGINAL RESEARCH 

Intraoperative PTH: Effect of sample timing and 
vitamin D status 

Melissa McCarty Statham, IVID, Nelson B. Watts, MD, and 
David L. Steward, MD, Cincinnati, OR 

OBJECTIVE: To assess the effect of timing of intraoperative
 
parathormone (iPTH) samples and 25-hydroxyvitamin D
 
(25-0HD) status on decision-making during parathyroidectomy.
 
METHODS: A total of 77 patients with primary hyperparathy

roidism and iPTH levels (preincision, preremoval, 5 (T5) and 10
 
(TID) minutes postremoval) performed during parathyroidectomy
 
were reviewed.
 
RESULTS: Forty-one percent of patients were 25-0HD insuf

ficient. We noted a significant correlation between preoperative
 
25-0HD and preincision iPTH (P = 0.002) but not iPTH at
 
postremovallevels (T5, P = 0.89; TID, P = 0.42). When com

pared with preincision iPTH, the use of either the higher preinci

sion or preremoval iPTH baseline significantly improves the assay
 
sensitivity from 83% to 93% at T5 (P = 0.01) and 87% to 97% at
 
TID (P = 0.02). Surgical cure was obtained in 98% of patients.
 
CONCLUSION: Obtaining preremoval iPTH allowed earlier
 
decision with respect to operative completion in 38% of cases.
 
25-0HD status does not appear to significantly affect interpreta

tion of iPTH levels.
 
SIGNIFICANCE: Obtaining both baseline levels significantly
 
improves sensitivity in iPTH monitoring.
 
© 2007 American Academy of Otolaryngology-Head and Neck
 
Surgery Foundation. All rights reserved.
 

Surgical intervention to treat hyperparathyroidism by an 
experienced parathyroid surgeon has a success rate of 

95% to 98%.1 Preoperative localization studies with high 
resolution ultrasound and technetium-99m sestamibi scan
ning have been used in minimally invasive parathyroidec
tomy, which allows for a focused approach in patients with 

solitary adenoma, decreased operative time, and limited 
disruption of normal parathyroid glands?-S Intraoperative 
intact parathyroid hormone (iPTH) monitoring was intro
duced as a physiologic assay to determine adequate removal 
of hyperfunctioning parathyroid tissue due to its short half
life (less than 3 minutesj.P" Previous studies have described 
variable accuracy rates when using iPTH that authors have 
attributed to the assay itself and questioned the use of iPTH 
assays to predict surgical cure.9

-
16 However, many of the 

differences in reported results arise simply from differences 
in timing of samples drawn 8-13,lS that confound the inter

used 13,14,17,18pretation of criteria in predicting operative 
success. 

Currently vitamin D deficiency is defined as the level 
below which secondary hyperparathyroidism risk is height
ened. 25-Hydroxyvitamin D (25-0HD) has been found to be 
significantly lower in patients with primary hyperparathy
roidism during all calendar months when controlling for age 
and sex.'? In addition, patients with 25-0HD insufficiency 
(less than 20 ng/mL or less than 50 nmol/L) and primary 
hyperparathyroidism have been found to have significantly 
higher PTH levels and higher PTH levels 6 months post
parathyroidectomy.i" The effect of 25-0HD insufficiency 
on iPTH levels measured with the intraoperative PTH assay, 
and thus impact on surgeon decision-making is not known. 
We hypothesize that 25-0HD insufficient patients with pri
mary hyperparathyroidism have higher intraoperative PTH 
levels at intraoperative timepoints and may account for 
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baseline with multiglandular disease or persis tent hyper
parath yroidism after resection of a sing le gland . Sensitivi ty 
for cor rectly determining surgical resolu tion of disease is 
defi ned as the tru e-p ositives divided by the sum of true 
positi ves and false-negatives. Positive predi ctive va lue is 
de fined as the number of true-p ositi ves di vid ed by the sum 
of true-posi tives and false-positives. Acc uracy is defined as 
the sum of true-positives and true-negatives d ivided by the 
sum of true-positi ves, true-n egatives, fa lse -posi tives , and 
fa lse- negati ves . McNema r test of repeated measures was 
used to co mpare se nsitiv ities of iPTH moni tor ing at the 
various timepoints. Ma tched pair r test was used to co mpare 
d iffe rence in means for preinci sion and prerem oval iPTH 
level s. Univa ria te linear reg res sion analys is was also per
forme d and reported with P values and con-elation coeffi
cien ts. S tatis tica l sig nifica nce was de fined as P < 0.05 . 

RESULTS 

Preoperative 
A total of 77 pa tien ts were included in this study. Eleven 
pa tients were excl uded because they failed to meet all in
cln sio n criteria (two M EN2a, one fai led ex ploratio n, and 
eig ht without all time points sa mpled). The average age was 
63 .5 years (range , 36 .8 to 85.6 years) at the time of surge ry . 
In this series , 63 % of patients had associa ted mor bidi ties 
rela ted to their hyperparath yroi dism : 34% had doc umented 
os teoporosis, 9% had experienced bone frac tures, 12% had 
a history of renal calculi. In these pa tie nts, 8% were symp
tomatic with bone pa in, and 23 % reported fatigue . Preo p
erative 25-0HD ave raged 24.7 ± 15.6; 41 % of pa tients had 
preoperativ e 25-0HD insu fficien cy. defined as low er than 
20 ng/mL (50 nm ollL). Pa tients with 25-0HD insufficiency 
had nonsignificantly different preopera tive serum ca lci um 
(11.4 ± I vs l l.i ± 0 .6) . 

Intraoperative 
1n all cases, the excised parath yroid gland was hi stopatho
logicall y co nfirme d to be an ade no ma , with average we ig ht 
of 1435 ± 1850 mg (ra nge, 100 to 10,000 mg). Regress ion 
analys is revealed a s ignificant posit ive linear con-e la tion 
between parath yroid aden om a we ight and prei ncisio n iPTH 
(r = 0.35 , P = 0.003) , iPTH at T JO (r = 0 .4, P = 0.003), but 
nOL iPTH at Ts (1' = 0 .1, P = 0.39) . In addition, there was 
no sig nificant correla tion be tween parathyroid adenom a 
weight and th e percen tage decrease fro m prei nc ision iPTH 
to levels measured at Ts (1' = 0 .1, P = 0.20) or iPTH at T IO 

(r = 0 .0, P = 0 .79) . Mean preincision iPTH (2 16 ± 192 ) 
was nonsign ifican tly higher than prerernoval iPTH (186 ± 
152, P = 0.19), but the prerem oval iPTH value was higher 
than the preinci sion value in 38% of cases. In these patients, 
the ave rage increase was 179% ± 84 % from the preinci 
sio na l iPTH. 

There was a significant negative linear con-elat ion he
twee n preop e rative 25 -0HD levels and preincis ion iPTH (r 

= 0.4, P = 0.002) such that low er 25-0HD level s co rrelate 
wit h higher preinc ision iPTH level s. This was not the ca se 
with ei ther of the pos rrernoval iPTH levels at Ts or T IO (r = 

0.0, P = 0 .89 and r = 0. 1, P = 0.42, respecti vel y). In 
add itio n, there was a significa nt linear corre la tion bet ween 
preoperati ve 25-0HD level s and percen tage dec rea se from 
prein cision iPTH to Ts (1' = 0.4, P = 0 .002) and TJO (I' = 

0.4, P = 0 .003) suc h tha t lower 25-0HD level s correlated 
wi th a larger perce ntage decrease in the iPTH levels. 

W e determined the proport ion of cases wherein attaining 
the additio n of a prere rnoval Ievel may have impac ted sur
gica l deci sion -m akin g. In 28% of cases, the prere moval 
baseline was > 50% below preinci sion due to tissue dissec
tion and co mpromised gla nd ular vascul ar supply, which 
suggests surg ical cure wi tho ut awai ting postresec tion iPTH 
le ve ls. At T, postre rnoval , 10% pa tients had > 50% dr op 
fro m prerernova l but not pre incision iPTH . and at T 10 7% 
pati en ts had > 50% fa ll fro m prerernoval but not prei ucis io n 
baseline. Tak ing into accou nt the 28 % patients in who m the 
preremoval va lue had alrea dy fa lle n > 50% fro m pre inc ision 
as we ll as these 10% patients w ho ex perienced > 50% 
decrease at Ts bu t not pre incisio n baseline. pe rfo rming a 
prere moval iPTH co uld have influenced intr aopera tive de
cis io n-making and po ten tiall y allow the surgeon to terrni 
nate the procedure ea rlie r in 38% of cases. 

The calculated se nsit ivity , positi ve predicti ve va lue, and 
acc uracy fo r iPTH based on > 50% decrease fro m respec
tive base line values are presented and defi ned in Table I, As 
expec ted , there was a sma ll imp ro vemen t in se nsi tiv ity at 
T IO fro m T s apart fro m the basel ine used, but thi s was not 
significant. In bo th the T5 and T 10 postrernoval time points, 
the prein cision baselin e alo ne yie lde d higher se nsit ivity than 
prere moval alone. However, w hen the higher of either ba se
lin e level is used , se nsitivi ty is significa ntly impro ved at T5 

(93 % vs 83 % for preincision , P = 0.0 1) and at T 10 (97(70 vs 
87 % for preincision , P = 0 .02) . The re was a significa n t 
linear co rrelatio n between prein cision iPTH and levels mea
sured at T s (1' = 0 .4 , P = 0.002) and at T 10 (I' = 0.4, P < 
0 .00 1) such that higher prein cision iPTH co nce ntra tions 
co rre la ted with higher iPTH level s measured at T5 and T 10' 

The re is a significant lin ear corre latio n be tween prere rnoval 
iPTH and iPTH at T, (1' = 0.5, P < 0,000 l) and T lO (r = 

0.7, P < 0 .000 1). 
Wh en m ore stringen t criteria are used , a dec rease in 

iPTH of > 50% and an iPTH fa ll ing in to the norm al refer
ence ran ge, the se ns itivi ty of the assay decreases fro m 97 % 
to 70% at T 10 and furth er from 93% to 57% at T s. Thus, in 
17% of patien ts, the T JO pos tremoval iPTH re mained above 
the normal refere nce range . In nin e of these pa tients, the 
decrease from baseline to T ,O postr ern oval iPTH was a t least 
50%, and each of these pati en ts was eucalcernic postoper
atively . O ne pati ent wi th an elevated T 10 postrern oval iPTH 
fa iled to have > 50 % decrease fro m basel ine un til ano the r 
iPTH was measur ed at 30 minu tes after rem oval of the 
ade noma. T his patient represents one of the two false
negatives in iPTH mon itor in g of our se ries and had a de 
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Table 1 
Sensitivity, specificity. positive predictive value. and accuracy of iPTH monitoring to predict postoperative 
norrnocalcemla, for each scenario. calculated with >50% decrease in iPTH from baseline 

" 
S en siti vity Pos it ive predictive valu e Accura cy 

> 50% d ecrease from (TPITP+FN} (TPITP+ FP) (TP+ TNITP·-T N+ FP I FN) 

Preincision to Ts 83% 98% 83% 
Pre rem oval to Ts 78% 98% 78% 
Higher of e ither ba selin e to Ts 93% 98% 92% 
Preinci si on to T1 0 87% 98% 87% 
Prerem oval to T1 0 87% 98% 87% 
Higher of e ither baselin e to T10 97% 98% 95% 

T5 , 5 minutes postremovat T ,o, 10 minutes po stremov al; TP , true-p osi t ive; TN , true-n eg ative; FP, fal se-posit iv e: FN, fa lse
negat iv e. 
Bold nu mbers denot e sign if icant di ff erences w hen using th e hi gh er of either bas eli ne (P = 0.01 T5' P = 0.02 T lO ) com pared w ith each 
alo ne . 

crease from prerernoval iPT H of 49% at T 10' Further ex
ploration yielded three nor mal parath yroid glands, and 
iPTH measured at 30 minutes postresection had fallen by 
53% fro m preremoval baseline but not preincision iPTH . 

Postoperative 
Ninety-e ight percent of patients had surgical cure with res
olution of hyper calcemia. The avera ge preoperat ive serum 
calcium level was 11.3 2: 1.0, and the average postope rati ve 
calc ium level was 9.3 ± 0.6 . Patient s with 250HD insuf
ficiency had no difference in postoperative serum calc ium 
when compared with pa tients with 25-0HD in the reference 
range (9.3 ::!: 0.5 vs 9 .2 ::!: 0.6). 

One pat ien t represents a false-p ositive in iPT H monitor
ing . Intr aoperatively, this patien t' s iPTH fell to 56 % of 
preincision and prerernoval baseline at T lo. Posto perati vely. 
this pa tient developed asymptomatic hypercalcemi a and el
evated intact PTH at approximately 6 month s afte r surgery. 

Of note, the aforementioned false-negati ve pat ient had 
undergone a thyroidectomy several years previou sly and 
underwent bilater al neck exploration during parathyroidec
tomy due to failure of iPTH to fa ll > 50%. As menti oned, 
exploration yielded three normal parathyroid glands. Post
operatively, this patie nt exper ienced transien t postoperative 
tru e vocal cord paresis o n the contralateral side from the 
adenoma. 

DISCUSSION 

Though the majority of end ocrine surgeons agree that iPTH 
is useful to guide the completion of parath yroidectomy and 
to predict postoperati ve calc ium levels, the reported acc u
racy of this approac h varies based on the cri teria used to 
interpret iPTH levels. Onr study suggests the addi tion of a 
prerernoval baselin e iPTH increases the sensitivity and po
tent ially result s in an ea rlier ope rative decision in 38% of 
case s. By obtaining both preincisional and prer emoval base

lines, we increase sens itivity and red uce false-negatives. In 
additi on, patients may avo id pro lo nged anesthesia while 
awai ting subsequent level s and poss ible unnecessary further 
neck explorat ion and its potential morbidity. 

We noted a significa nt positive linear correlation be
tween parath yroid ade noma weight and preincisi on iPTH (r 
== 0 .35 , P = 0.003) and iPT H at T tO (r = 0.4 , P = 0.003). 
T here was no significant linear corre lation between para
thyroid adenoma we ight and iPTH measured at T5 (r = 0.1. 
P = 0.39), presump tively du e to the 38% of patients with a 
pre removal iPTH higher than the respec tive prein cision 
level. In add ition, there was no significant correlation be
tween parath yroi d adenoma we ight and the pe rcentage de 
crease from preincision iPTH to levels measured at T5 (r = 

0.1, P = 0.20) or iPTH at T lO (r = 0.0, P = 0.79). This can 
likely be attributed to the prerem oval level either acutely 
increasing or dec reasing from surgical ade noma manipula
tion . Highe r preincis ion iPTH , prerem oval iPTH, and para
thyroid ade noma mass corre la ted wit h higher T lo post
removal levels. A mong these, preremova l iPTH was the 
stro nges t correlate. 

In 94% cases in our series. the T 10 iPTH value continued 
declining from the T s iPTH , and in the remaining cases in 
which the T IO value increased , the rise was incon sequenti al 
to operati ve dec ision -making . In most instances. the proce
dure was terminated after the T s iPTH valne wa s used to 
calculate a decrease without awa iting the T to value. Irvin et 
al2 1 demonst rated that > 50% decrease in iPT H values from 
the highest baseline iPTH T to postrernoval is predictive of 
postoperarive norrnocalcemi a. In our series, we fonnd the 
T 10 level more sensitive than T s, but obtaining a level at T5 
and T 10 allows for earlier termination of procedure in 93% 
of cases based Oll the Ts level alone. If the Ts level fails to 
fall > 50% from highest baseline, then awaiting the T IO 

result is strongly recommended befo re pursuing further dis
section. (Table 1). 

Wi th the use of criteria that req nire the iPTH level to 
fa ll to > 50% of baseline and to fall int o the referen ce 
range of the rap id iPTH assa y, some authors I3.14.18.22 
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