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studies, focused parathyroidectomy with use of intraope
rative parathormone monitoring (IPM) is the mainstay 
of treatment for primary hyperparathyroidism at many 
health care centers both nationally and internationally. 
Focused parathyroidectomy guided by IPM allows for 
surgical excision of the offending parathyroid gland 
through smaller incisions. The Miami criterion is a 
protocol that uses a “> 50% parathormone (PTH) drop” 
from either the greatest preincision or preexcision 
measurement of PTH in a blood sample taken 10 min 
following resection of hyperfunctioning glands. Following 
removal of the hyperfunctioning parathyroid gland, a 
> 50% PTH drop at 10 min indicates completion of 
parathyroidectomy, and predicts operative success at 
6 mo. IPM using the Miami criterion has demonstrated 
equal curative rates of > 97%, which is comparable 
to the traditional bilateral neck exploration. The 
focused approach, however, is associated with shorter 
recovery times, improved cosmesis, and lower risk of 
postoperative hypocalcemia.

Key words: Focused parathyroidectomy; Intraoperative 
parathormone monitoring; Primary hyperparathyroidism; 
Miami criterion; Localization studies

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Intraoperative parathormone monitoring (IPM) 
is vital component of the focused parathyroidectomy, 
the management of choice for primary hyperparathyroi
dism at the authors’ institution. IPM is used to confirm 
complete removal of hyperfunctioning glands while 
preserving any remaining normally functioning glands 
before the operation is finished, guide the surgeon to 
continue neck exploration for additional hyperfunctioning 
glands when the intraoperative parathormone (PTH) 
levels do not drop sufficiently, identify parathyroid tissue 
by measurement of intraoperative PTH levels in fine 
needle aspiration samples, and lateralize hypersecre
ting parathyroid(s) through differential jugular venous 
sampling when preoperative localization studies are 
equivocal.
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BACKGROUND
In 1925, Dr. Felix Mandl performed the first excision 
of a parathyroid tumor in Vienna on patient Albert 
Jahne, a 34-year-old tramcar conductor suffering from 
osteitis fibrosa cystica who was admitted for a femur 
fracture[1]. Although he initially experienced a benefit 
from the parathyroidectomy, Jahne subsequently de-
veloped recurrent disease, possibly due to parathyroid 
carcinoma. He underwent reoperation in 1933, but 
ultimately died of uremia three years after this second 
surgical exploration[1]. Despite failing to achieve the 
desired clinical outcome, Jahne’s case shifted the pra-
ctice dogma towards surgery as the management of 
choice for primary hyperparathyroidism (pHPT). For 
most of the 19th century, the surgical treatment of pHPT 
was based on locating the four parathyroid glands in-
traoperatively and the excision of any grossly enlarged 
parathyroid glands while leaving all normal-sized 
glands in situ[2,3]. This qualitative approach that requires 
bilateral neck exploration (BNE) can be problematic, 
however, since parathyroid gland size and/or color does 
not always directly correlate to its secretory function[4,5]. 
If hypersecreting gland(s) are left behind, hypercalcemia 
will persist. Conversely, if all normal parathyroid glands 
are excised or their blood supply compromised during 
extensive BNE, postoperative hypocalcemia and tetany 
may occur. Today, when performed by experienced 
endocrine surgeons, BNE yields success rates of 95% to 
99%[2,3]. 

With the advent of preoperative imaging modalities 
for the localization of hyperfunctioning glands, targeted 
or focused parathyroidectomy guided by intraopera-
tive parathormone monitoring (IPM) is currently the 
standard treatment for patients with pHPT at numerous 
specialized centers both nationally and internation-
ally[6-12]. This focused approach incorporates the common 
aspects of minimally invasive surgery resulting in limited 
surgical exploration, reduced operative time and less 
morbidity for patients with pHPT while maintaining 
comparable operative success rates to traditional 
BNE which ranges from 97% to 99%[6-10]. In general, 
focused parathyroidectomy is performed by creating 
a transverse cervical incision along the anterior neck 
which measures from 2 to 4 cm in those patients with 
one hyperfunctioning parathyroid gland identified by 
preoperative localization studies, sestamibi (MIBI) and/
or ultrasound. When the offending parathyroid gland(s) 
is excised, an intraoperative parathormone (PTH) 
assay is used to confirm that there is no remaining 
hyperfunctioning tissue. When IPM levels drop by > 

50%, usually at 10 min following abnormal parathyroid 
gland removal, the operation is concluded[13]. Focused 
parathyroidectomy guided by IPM can be achieved with 
either general or local anesthesia and can be performed 
in an ambulatory setting.

THE MIAMI CRITERION
In 1990, Irvin et al[14] refined and applied the intrao-
perative PTH immunoradiometric assay for the surgical 
management of pHPT after an unsuccessful parathyroid 
operation. His patient, who was the supervisor of the 
operating rooms, at the University of Miami/Jackson 
Memorial Hospital, had pHPT, and she approached Irvin 
to perform the operation. She underwent traditional 
BNE during which one large parathyroid gland was 
excised, and a second contralateral parathyroid gland 
was biopsied and preserved. Postoperatively, however, 
her serum calcium failed to normalize. Irvin spent the 
next 4 mo refining an intraoperative PTH assay to allow 
for results to be obtained within 15 min. He then took 
her back to the operating room and, by measuring intact 
PTH levels intraoperatively, was able to confirm removal 
of any remaining hyperfunctioning parathyroid glands 
and predict curative resection in this reoperative patient 
who had an intrathyroidal parathyroid gland in the 
contralateral lobe that was not appreciated in her initial 
operation[14].

In 1991, Irvin et al[15] would begin using IPM as a 
routine adjunct to focused parathyroidectomy at the 
University of Miami to reduce failure rates due to missed 
multiglandular disease (MGD). Having performed over 
700 parathyroidectomies at that time, he attributed 
his failure rate of 7% to misdiagnosis or inability to 
excise all hyperfunctioning parathyroid gland tissue[15]. 
This intraoperative adjunct often termed the “quick 
PTH assay” takes advantage of the half-life of PTH 
which is approximately 3 to 5 min. Irvin further refined 
the PTH assay in 1993 to address the issue of long 
turnaround time for PTH results, which made previous 
attempts at intraoperative monitoring less practical[16,17]. 
Since then, the intraoperative “quick PTH assay” has 
undergone many modifications since the original 
immunoradiometric assay developed by Dr. Irvin. In 
current practice, intraoperative PTH is measured using a 
rapid immunochemiluminescence assay. 

With the success and practicality of the intraoperative 
quick PTH assay, Irvin went on to describe the Miami 
criterion, a protocol that uses a “> 50% PTH drop” 
from either the highest pre-incision or pre-excision 
PTH measurement in a sample taken 10 min following 
complete resection of the hyperfunctioning glands. 
Following removal of the hyperfunctioning parathyroid 
gland, a > 50% PTH drop at 10 min indicates removal 
of the abnormal parathyroid glands, predicting oper-
ative success at 6 mo[13]. As a result, IPM allows for a 
focused or targeted approach to parathyroidectomy that 
involves surgical excision of the offending gland through 
smaller incisions with equal curative rates of > 97% 
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which is comparable to BNE[6-10]. The focused approach 
is also associated with fewer comorbidities including 
permanent hypoparathyroidism that may result from 
iatrogenic ischemia or injury to the remaining parath-
yroids during BNE.

At the University of Miami, the intraoperative PTH 
assay permits the surgeon to confirm excision of all 
abnormal parathyroid glands while preserving the re-
maining normally functioning parathyroid glands before 
the operation is finished; guide the surgeon to continue 
neck exploration for additional abnormal glands when 
the intraoperative PTH levels do not drop sufficiently; 
distinguish parathyroid from non-parathyroid tissue by 
measurement of intraoperative PTH levels in fine needle 
aspiration (FNA) samples; and lateralize hypersecre
ting parathyroid(s) to either side of the neck through 
differential jugular venous sampling when preoperative 
localization studies are equivocal.

IPM IN CURRENT PRACTICE
Surgeons must understand that the intraoperative PTH 
assay only measures the circulating amount of hormone 
from the location where blood samples are obtained 
and direct the sampling times related to the stages of 
the operative procedure. The “Miami criterion”, which 
uses a “> 50% PTH drop” from either the greatest 
pre-incision or pre-excision PTH measurement in a 
sample of blood drawn 10 min following complete resec-
tion of a hyperfunctioning gland, requires peripheral 
venous or arterial access for blood collection at specific 
times during parathyroidectomy[13,16-18]. Intravenous 
access is maintained with a slow saline infusion that is 
discarded from the line to prevent dilution before any 
blood sample is quantified. Intraoperatively, at least 
4 mL of peripheral whole blood sample in an EDTA 
specimen tube is collected at the following times: (1) 
a “preincision” level prior to skin incision; (2) a “pre
excision” level collected prior to clamping the blood 
supply to the abnormal gland; (3) a 5min level; and (4) 
10-min level after excision of the abnormal tissue. The 
samples should be promptly delivered to the laboratory 
for processing. With the efficiency and speed of the 
intraoperative PTH assay, point of care testing which 
measures PTH at the bedside is not performed at this 
institution. 

When the PTH levels drop > 50% from the highest 
pre-incision or pre-excision value 10 min following the 
removal of the hyperfunctioning gland, this criterion 
predicts normal or low calcium measurements posto-
peratively with an overall accuracy of 98%[13]. After this 
“> 50% PTH drop” occurs, the surgeon terminates the 
operation without further identification of the normal 
parathyroid glands that remain. In the event that the 
PTH level at 10 min does not meet this criterion, an 
additional level may be obtained at 20 min and/or 
additional neck exploration can be performed until 
the removal of the remaining hyperfunctioning glands 
is determined by > 50% PTH drop from the highest 

subsequent pre-excision PTH measurement[19].

INTERPRETATION OF IPM DYNAMICS
A thorough knowledge of the disease process and 
careful interpretation of intraoperative PTH dynamics 
is required to effectively guide the surgeon during 
parathyroidectomy. The first example is of a 58years
old woman with biochemical evidence confirming 
pHPT who presented with a PTH measurement of 107 
pg/mL and a calcium level of 11.1 mg/dL on routine 
blood testing (Figure 1A). Her Tc-99m-sestamibi and 
ultrasound scans were concordant and suspicious for 
a right inferior parathyroid gland. An abnormal right 
inferior parathyroid was visualized intraoperatively, and 
this gland was carefully removed. Intraoperative PTH 
levels were drawn with the following measured values: 
Preincision 142 pg/mL; preexcision 59 pg/mL; at 5 
min 33 pg/mL, and at 10 min 25 pg/mL. The drop in 
Pre-excision level suggests the surgeon has identified 
the hyperfunctioning parathyroid gland as reflected in 
the > 50% PTH drop, which predicts operative success.

The next example is of a 45-year-old gentleman 
with biochemical confirmation of pHPT who presented 
with a calcium level of 10.8 mg/dL and PTH level of 125 
pg/mL on routine blood tests (Figure 1B). His MIBI and 
ultrasound studies were concordant for a suspicious 
left inferior parathyroid. Intraoperatively, an abnormal 
left inferior parathyroid gland was located and excised 
with intraoperative PTH levels measured as follows: Pre-
incision 109 pg/mL; preexcision 170 pg/mL; at 5 min 
51 pg/mL, and at 10 min 34 pg/mL. Unlike in the first 
case, the dramatic rise in pre-excision level, which was 
not observed in the previous example, suggests the 
surgeon has identified the hyperfunctioning parathyroid 
gland. During dissection, manipulation of the abnormal 
gland by the surgeon may have resulted in a sudden 
surge of PTH into the bloodstream reflected by a 
dramatic rise of pre-excision PTH level, it is important in 
this scenario to witness a drop in the PTH level on the 
subsequent 5 and 10 min samples. The patient’s values 
ultimately reflect a > 50% PTH drop when compared to 
the pre-incision PTH level.

The final scenario is of a 34-years-old man who 
arrived to the emergency room with kidney stones 
(Figure 2). As a part of his evaluation, an elevated cal-
cium level of 11 mg/dL and parathyroid hormone level 
of 119 pg/mL were measured. A preoperative MIBI 
scan did not localize an abnormal parathyroid gland. 
Following the excision of a right inferior parathyroid 
gland, intraoperative PTH levels drawn were: Pre-
incision 173 pg/mL; preexcision 150 pg/mL; at 5 min 
143 pg/mL, and at 10 min 135 pg/mL. Without a > 
50% PTH drop, exploration continued contralaterally 
and an abnormal left inferior parathyroid gland was 
discovered and excised. Intraoperative PTH levels were 
again measured and were as follow: Pre-excision 137 
pg/mL; at 5 min 27 pg/mL; and at 10 min 19 pg/mL, 
confirming removal of hyperplastic parathyroid tissue 
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parathyroid tissue more expeditiously than frozen 
section. 

Internal jugular venous sampling
In the setting of discordant or negative preoperative 
localization imaging, differential venous sampling using 
the intraoperative PTH assay may allow surgeons to 
perform unilateral neck exploration in patients rather 
than BNE[21-23]. In order to lateralize the hyperfunctioning 
gland, bilateral internal jugular venous sampling of PTH 
is effective in directing surgical exploration. This proce-
dure can be safely performed with ultrasound guided 
sampling of the inferior right and left internal jugular 
veins prior to skin incision. When there is a greater than 
5% to 10% difference in PTH level, laterality to the side 
of the hyperfunctioning gland can be determined[21,22]. 
The surgeon may begin the operation by first exploring 
the identified side of the neck. The sensitivity of 
differential venous sampling approaches 80% according 
to published studies[21,22]. 

IPM and discordant localization studies
It has been argued that with the advancements in 
imaging modalities, combined preoperative localization 
with technetium Tc 99m sestamibi and ultrasound may 
eliminate need for IPM. In one retrospective cohort 
study of 569 patients with pHPT who underwent both 
MIBI and ultrasound, only 57% (n = 322) of patients 
had preoperative concordant localization studies and, in 
this group, there was a 99% success rate in achieving 
postoperative eucalcemia[24]. However, in 35% (n 
= 201) of patients with only one of two localization 
studies identifying an abnormal gland, neither MIBI 
nor ultrasound alone were able to correctly predict 
the location or extent of disease in 38% (76/201) 
patients in this discordant group. While there was 
marginal benefit among patients who had concordant 
preoperative localization imaging studies, IPM remained 
vital for patients with discordant studies undergoing 
limited parathyroidectomy[24]. In a retrospective series 
of 225 patients with pHPT where operative success 
was 97%, IPM remained an important adjunct for 
performing targeted parathyroidectomy in patients with 
discordant localization studies[25]. In a subgroup of 85 
patients (38%) with discordant preoperative imaging, 
where IPM altered operative management and helped 
the surgeon during parathyroidectomy, operative su-
ccess was 93%. In this series, IPM allowed surgeons 
to perform unilateral operation in 66% of patients, and 
confirmed excision of hyperfunctioning parathyroid 
glands in 7 patients with MGD[25].

LONG TERM OUTCOMES FOR IPM 
GUIDED PARATHYROIDECTOMY
Since 1993, parathyroidectomy has been guided by IPM 
for patients with pHPT at the University of Miami. BNE is 
no longer the initial approach in these patients with pHPT 
unless preoperative localization studies are negative or 

with a > 50% PTH drop. As demonstrated in this case, 
when the PTH level fails to decrease > 50% from either 
highest pre-incision or pre-excision level, there should 
be a suspicion for MGD. 

OTHER USES OF INTRAOPERATIVE PTH 
MEASUREMENT
Biochemical FNA 
FNA of tissue for PTH measurement has valuable use 
in differentiating parathyroid glands from other tissues. 
During BNE or focused parathryoidectomy, biochemical 
FNA may be of value in identifying parathyroid tissue 
vs other tissues within the neck. When trying to 
differentiate between parathyroid from thyroid tissue or 
lymph nodes, this technique may be very helpful to the 
surgeon. A sample is obtained using a 25 gauge needle 
and diluted in 1 mL of normal saline. The sample is 
then sent to the laboratory where it is centrifuged. The 
PTH level is measured from the remaining supernatant 
after centrifugation[20]. As biochemical FNA has 100% 
specificity, this intraoperative technique can confirm 
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Figure 1  Intraoperative parathormone monitoring dynamics demon
strating a > 50% drop when compared to the preincision parathormone 
level using the Miami criterion. A: The drop of pre-excision PTH level 
suggests that the surgeon identified the hyperfunctioning gland during 
dissection reflected in the drop of PTH level; B: During dissection, manipulation 
of the abnormal gland may result in a release of PTH into the bloodstream, 
reflected by a surge in PTH level. It is important in this scenario to observe a 
drop in the PTH level on the subsequent 5 and 10 min samples from the higher 
pre-excision PTH level. IPM: Intraoperative parathormone monitoring; PTH: 
Parathormone.
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when preoperative imaging has identified the wrong 
side of the neck. At the authors’ institution, operative 
success is defined as calcium levels within normal limits 
for > 6 mo following successful parathyroidectomy. 
The definition of operative failure is persistent elevated 
PTH and elevated calcium measurements occurring < 
6 mo following focused parathyroidectomy. Disease 
recurrence is defined as elevated PTH and elevated 
calcium measurements occurring > 6 mo following 
succes sful parathyroidectomy. The definition of MGD 
is two or more hypersecreting parathyroid glands 
identified intraoperatively during parathyroidectomy as 
demonstrated by IPM or if excision of one gland results 
in operative failure. 

While criteria for IPM may vary among surgeons, the 
principle remains the same. By obtaining PTH levels in 
real time and achieving a desired reduction, the surgeon 
may have greater confidence intraoperatively that the 
offending hyperfunctioning parathyroid gland has been 
excised. While IPM has become common practice in 
most experienced centers, the Miami criterion has been 
compared to other stricter protocols in predicting post-
operative eucalcemia. Stricter criteria proposed include a 
larger > 65%-70% PTH drop and/or return of absolute 
PTH level to within normal limits, or a PTH decrease at 
5 min after gland removal[26-28]. In comparison to other 
criteria, the > 50% PTH drop was found to accurately 

predict operative success in > 95% of patients who had 
IPM guided parathyroidectomy for pHPT. In fact, the 
Miami criterion demonstrated the highest accuracy in 
predicting operative success when compared to other 
protocols, which included the Vienna, Rome, and Halle 
criteria[27]. In a study, which applied stricter protocols, 
the false positive rate would be reduced; however, at 
the expense of a lower sensitivity and an increased false 
negative rate. This false negative rate would then result 
in performance of BNE not necessary for the patient[29]. 

An additional protocol from the Mayo clinic was 
compared to different criteria in a study of 1882 patients 
with pHPT who had parathyroidectomy with IPM[30]. The 
Mayo criterion defined a successful parathyroidectomy 
as > 50% from baseline in addition to a normal or near-
normal intraoperative PTH measurement at 10 min 
following removal of the abnormal gland. The Mayo 
criterion was compared with the following criteria for 
monitoring: A > 50% PTH drop at 10 min, > 50% PTH 
drop at 5 min, and intraoperative PTH within normal 
range at 10 min. The authors described an operative 
success of 97% equivalent to that of the Miami criterion. 
Results were similar when comparing Mayo criterion 
which had a sensitivity of 96%, PPV of 99%, and an 
accuracy of 95%, whereas the Miami criterion had had 
a sensitivity of 96%, PPV of 97%, and an accuracy of 
94%. The criterion, however, differed with respect to 
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MGD. Authors reported that MGD was found in 271 
patients (14.5%). A total of 134 of 1858 patients (7.2%) 
were not able to meet criteria predictive of cure, which 
indicated the presence of MGD. The authors reported 
that using the > 50% PTH criterion alone would have 
theoretically resulted in a failed parathyroidectomy in 
22.4% of patients affected with MGD[30].

Critics of the focused parathyroidectomy predicted 
that the combination of both preoperative localiza-
tion imaging studies and IPM would miss abnormal 
parathyroid glands, resulting in greater recurrence 
rates in patients undergoing parathyroidectomy. In a 
study of simulated focused parathyroidectomy, both 
preoperative sestamibi and ultrasound for localization 
and IPM were performed in all 916 patients with 
pHPT[31]. All patients underwent BNE, 16% of which had 
additional enlarged parathyroid glands. The researchers 
determined that the long term failure or recurrence rate 
of the focused approach may be greater than initially 
described in previous studies[31]. Other studies, however, 
demonstrated that focused parathyroidectomy had long-
term surgical success that was similar to BNE. In another 
study of the 181 patients who underwent image-guided 
parathyroidectomy, no patients developed recurrent 
disease with a mean follow-up of approximately 5 
years[32]. In a randomized clinical trial which had a five 
year follow-up, recurrence rates for targeted parathy-
roidectomy and traditional approach were 5% and 3%, 
respectively[30]. A study of 164 patients with an average 
follow-up of close to seven years demonstrated a 3% 
disease recurrence rate following successful focused 
parathyroidectomy guided by IPM[33]. Additionally, other 
studies found that parathyroid gland size or pathology 
do not show a correlation with PTH secretion reliably, 
as a result they may not be useful indicators for id-
entifying hyperfunctioning parathyroid glands[4,5,34]. 
Together, such findings demonstrate that the focused 
parathyroidectomy has a durable operative success 
rate and does not miss MGD as a cause of disease 
recurrence. These postoperative outcomes indicate that 
IPM guided parathyroidectomy may allow for minimal 
dissection for patients with single gland disease in pHPT 
with durable long-term eucalcemia.

The implementation of IPM in patients with pHPT 
has shifted the surgical approach to parathyroidectomy 
from BNE to less invasive operations. Many studies have 
confirmed that the success of focused parathyroidectomy 
guided by IPM demonstrate operative success rates 
comparable to conventional BNE[6-10]. One study of 718 
patients over thirty-four years demonstrated rates of 
operative success for focused parathyroidectomy and 
traditional approach to be 97% and 94%, respecti-
vely[6]. A review of 656 patients with 255 undergoing 
focused parathyroidectomy and 401 undergoing 
BNE demonstrated success rates of 99% and 97%, 
respectively[8]. The overall rates of complications for 
focused parathyroidectomy and BNE within this same 
study were 1.2% and 3%, respectively[8]. Patients who 
underwent focused parathyroidectomy experienced 

reduced operating room times of 1.3 h in contrast to 
patients undergoing BNE with operating times of 2.4 h[8]. 
There were shorter hospitalizations of 0.24 d for focused 
parathryoidectomy in comparison to 1.64 d for BNE[8]. 
Focused parathyroidectomy demonstrated equivalent 
long-term results when compared to conventional BNE 
for patients with pHPT in one randomized controlled trial 
with a 5-year follow-up[35]. 

CONCLUSION
Over the past 25 years, IPM has been an effective 
surgical adjunct that can be of help during parathy-
roidectomy in patients with pHPT. IPM has been shown 
to effectively confirm operative success with a focused 
or targeted approach that allows for minimal dissection 
and selected parathyroid gland excision. Using the Miami 
or “> 50% PTH drop” criterion, the surgeon excises 
only the hyperfunctioning parathyroid gland(s) without 
identifying the remaining normal parathyroid glands. 
Instead of identifying abnormal parathyroid glands by 
size, color, and/or pathology, IPM allows for quantitative 
recognition of parathyroid gland hyperfunction based 
on PTH secretion during parathyroidectomy where 
pHPT is recognized as a disease of function rather than 
form. IPM guided parathyroidectomy has become the 
preferred initial approach over traditional BNE, and 
there has been a shift of treatment paradigm from 
comprehensive to limited parathyroidectomy for pHPT 
over the last few decades. Parathyroidectomy guided 
by IPM has evolved into a highly successful and rapid 
operation, usually requiring minimal dissection that can 
be performed in an ambulatory setting. IPM has proven 
to be a vital adjunct to focused parathyroidectomy 
demonstrated by its high postoperative success rate 
and long term outcomes, and its efficacy ensures that 
this important tool will continue to benefit surgeons in 
the future.
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Abstract
Patient handoffs are transitions where communication 
failures may lead to errors in patient care. Face-to-
face handoffs are preferred, however may not always 

be feasible. Different models and strategies have been 
described, yet there are few experimental studies. 
Expanding the problem, the on-call surgeon may be 
responsible for many patients, few or none that they 
admitted. Effective handoffs improve the quality of care 
and result in fewer errors. Herein we review different 
models of patient handoffs, comment on common 
pitfalls, and suggest areas for new research. 

Key words: Patient handoff; Communication; Patient 
handover; Patient care; Face-to-face communication; 
Check out; Sign out
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Core tip: Effective handoffs facilitate effective patient 
care. Distractions during handoffs cause errors in care, 
there are no outcomes data to recommend one type of 
handoff over another, and one type of handoff cannot 
satisfy all types of practice, even within the same 
institution.

Ballard DH, Samra NS, Griffen FD. Patient handoffs in surgery: 
Successes, failures and room for improvement. World J Surg 
Proced 2016; 6(1): 8-12  Available from: URL: http://www.
wjgnet.com/2219-2832/full/v6/i1/8.htm  DOI: http://dx.doi.
org/10.5412/wjsp.v6.i1.8

INTRODUCTION
Handoffs of patient care represent transition points 
where poor communication may lead to errors. The on-
call surgeon may be responsible for many patients, few 
or none of whom they admitted. Communication barriers 
are the most frequent cause of handoff errors and 
may lead to adverse patient events[1]. Previous studies 
have demonstrated that there is omission of essential 
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patient information in up to 60% of handoffs[2,3]. Aca-
demic centers have faced challenges with handoffs 
since the implementation of the 80-h work week with 
more transitions in patient care[4]. With these work-
restrictions and changes in health care economics and 
structure, there is a tendency towards more shift work, 
night team models, and cross coverage, thus reducing 
the continuity of care with the admitting physician or 
team. While reduced work hours may improve lifestyle, 
patient management can be compromised by commu-
nication errors and patient unfamiliarity. There is a 
paucity of studies that focus on physician-to-physician 
communication for transfer of patient care compared 
to the wealth of literature that addresses physician to 
patient communication[5,6]. Herein, we review the current 
status, pitfalls, and problems in patient handoffs.

Handoff definition 
Although the meaning of a “handoff’ is considered 
implicit by many, no common definition exists in the 
literature. Efforts have been taken to standardize the 
definition to facilitate data collection and research, but 
there is still no consensus[7]. Difficulties in standardizing 
a definition stem from what to include and exclude. 
Department- and hospital-specific needs differ con-
siderably; for example, the essential information in a 
pediatric ward would be very different than that of a 
surgical intensive care unit. Cohen et al[7] provide one 
definition, “the exchange between health professionals 
of information about a patient accompanying either 
a transfer of control over, or of responsibility for, the 
patient”. The Joint Commission defines the handoff 
process as a session “in which information about patient/
client/resident care is communicated in a consistent 
manner”[8]. For the present work, we define a handoff 
as an on-call surgeon assuming the temporary care of 
another surgeon’s patient - a vulnerable process that can 
be compromised by communication failures or individual 
errors.

Standardization of handoffs
Given that communication errors are well-known conse-
quences of handoffs, the Joint Commission recommends 
standardization of handoffs; however, they do not 
provide examples or templates[7]. Similarly, many org-
anizations recommend a standardized approach for 
patient handoffs, yet fail to provide any examples or what 
constitutes an effective handoff; one extensive review 
of the handoff literature failed to find a single instance 
of an organization providing a template for ideal hand-
offs[7]. Physicians seem to be amenable to standardized 
handoffs. In one survey study of emergency medicine 
program directors, the majority (72.3% of 185) agreed 
that a standardized handoff system may reduce errors, 
but most did not have standard policies in their own 
institution[9]. Data that show standardizations in handoffs 
improve patient outcomes are lacking. Any data that 
demonstrated the value of standardization would likely 
promote implementation. Changing well-established, 

individualized physician or service handoff practices to 
a standardized institutional handoff policy may impair, 
rather than improve efficiency since hospitals, units, and 
levels of care are vastly different. Given this, the majority 
of research on handoffs focuses on improvement within 
a single unit[1]. The on-call surgeon’s burdens can be 
tremendous, especially with cross coverage with trauma 
and/or acute care surgery. Any process to standardize 
the handoff process would presumably improve patient 
care, although these processes should be individualized 
to particular institutions. 

Surgical patient susceptible to errors in handoffs
The surgical patient is uniquely vulnerable to handoff 
errors because of the transient nature of their care, inclu-
ding the preoperative, perioperative, and postoperative 
transitions of care. There is a paucity of experimental 
surgery-specific studies on handoffs - Table 1 highlights 
some selected surgical studies. One study of 20 patients 
undergoing major gastrointestinal surgeries found a 
degradation in the transfer of patient information as 
the patients went from one phase of care to another[10]. 
There were failures of communication along all phases 
of care from preoperative period to postoperative 
handoffs, both of which had the highest number of 
communication failures. Fifteen of the 20 patients 
in that study had minor incidents or adverse events 
stemming from communication failures. Such errors 
may sometimes be due to differences in workflow as 
care is passed from the surgeon to the anesthesiologist 
and then back again to the surgeon on the wards or 
intensive care unit[2,10]. 

Concerning surgeon-to-surgeon handoffs, one study 
found that 28% of 146 patient adverse incidents in 
surgical care were attributed to handoffs[11]. Handoffs 
may not accurately identify problematic patients. One 
study that followed the sign-out sheets of one surgical 
residency program found that only 42% of adverse 
event occurred in patients identified as problematic - 
patients assigned to the on call team, believing they 
may be subject to complications[12]. As stated, surgical 
patients are inherently vulnerable to errors in handoffs 
with a high number of transitions in the preoperative, 
perioperative, to postoperative care periods. In addition, 
night float models often task the resident or attending 
surgeon to bear responsibility for many patients. In 
these settings, problems accumulate and are prioritized. 
The addition of a few urgent or emergent trips to 
the operating room leads to more opportunities for 
compromises in care. Prioritizing whether a patient 
with sudden shortness of breath vs another patient in 
the emergency room with pneumoperitoneum from a 
perforated ulcer deserves the on call surgeon’s attention, 
all the while remember to check on yet another patient’s 
serial cardiac enzymes is an example of the difficulty of 
the night float system. 

Duty hours in residency programs
Since the implementation of the 80-h work week in 
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2003, general surgery residency programs have been 
challenged with developing schedules to minimize 
transitions in patient care. Night teams, float systems, 
and cross coverage have been implemented to adhere 
to the duty hour restrictions. This has caused a shiftwork 
mentality in some programs[4]. A study of malpractice 
claims showed that handoff errors are more common in 
teaching institutions[13]. Whether these errors are from 
ineffective handoffs or too many patients for the on-
call resident to adequately care for, the end result is a 
resident unfamiliar with the patients and their specific 
needs[14]. Addressing these concerns, an Accreditation 
Council for Graduate Medical Education task force has 
made recommendations for residency programs to 
provide formal instructions for patient handoffs[4]. These 
include: Schedule designs to minimize the number of 
handoffs, offer clear documentation on how the handoff 
process is conducted, and make available the schedules 
of responsible residents and attendings[15]. Twenty-two of 
29 surgical residents stated they perceived that patient 
care has been compromised by duty hour restrictions, 
however with improved perception of residents’ quality 
of life[16]. Compromises in the continuity of care, a 
negative view of the night float system, and decreasing 
resident work ethics were major factors identified for 
decreased quality of patient care. The Johns Hopkins 
surgical residency program emphasizes a 10-point 
system for an effective handoff. Selected aspects of this 
10-point system include: (1) allot adequate time for 
handoffs; (2) make the process active; (3) emphasize 
critically ill patients; (4) identify the chief resident on-
call; and (5) only have a single standardized list[17]. 
Whether perception or reality that the limited work week 
compromises patient care, work hour restrictions is the 
system we are given - efforts must be made to optimize 
handoffs to improve the continuity of patient care. 

Models of handoffs 
There are several different models of handoffs, inclu-

ding, but not limited to, face-to-face and computer-
assisted handoffs. Johner et al[18] reported a multi-
institutional survey which queried handoff practices 
of acute care surgery service in six Canadian general 
surgery residency programs. They found that 60% of 
handoffs were mostly, or completely, conducted face 
to face. Further, the vast majority involved some form 
of verbal communication. However, these handoffs 
were rarely conducted in a quiet or private setting and 
over 25% of the time was interrupted. Another study 
surveyed surgeon trainees in 30 different burn units 
in the British Isles and found that the majority of units 
had junior to junior trainee handoffs (76.7%), senior 
to senior trainee handoff (56.7%), and more than one 
level of trainee present. Few handoffs sessions were 
free of pager interruptions (10%) and few participants 
had formal handoff training (16.7%)[19]. One study, 
evaluating internal medicine residents in four different 
hospitals, concluded that face-to-face handoffs are 
best for effectively communicating and reducing errors. 
Schouten et al[20] conducted a retrospective review 
that compared 305 patients who had a face-to-face 
handoff compared to 500 patients who were handed 
over using other methods. In their study, they found 
no difference in adverse events or mortality between 
the two groups. They hypothesize that providers that 
did not receive a dedicated face-to-face handoff may 
have spent more time familiarizing themselves with 
patients through other means. They also challenge 
the importance of face-to-face handoffs in a system 
where electronic medical records make all data 
available at one’s disposal. Some authors advocate the 
use of computer-assisted handoffs. Flanagan et al[21] 
conducted a study with 35 internal medicine resident 
physicians in which computerized patient data were 
used to generate an electronic patient handoff tool. The 
objectives of this preliminary study included assessment 
of the completeness of the tool and the need for 
more information by the receiving physician. Findings 
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Ref. Design Methods Results

Johner et al[18] Multi-center 
survey

Handoff practices of acute care surgery service 
in six Canadian general surgery residency 

programs

39 of 52 surveyed responded. 60% handoffs were mostly are 
always conducted face to face. Vast majority involved some kind 

of verbal communication
Zavalkoff et al[25] Single-center 

implementation 
of handoff tool

Assess if implementing fill-in-the-blank 
handoff tool for pediatric heart surgery 

patients going to intensive care unit improved 
communication and adverse events

31 handoffs analyzed compared to handoffs prior to sheet. 
Following implementation of the tool, increase in detail of useful 
information transfer, no significant increase in time for handoff, 

lower rate of adverse events but did not reach significance 
Scoglietti et al[12] Single-center 

analysis of sign-
out sheets

Resident sign-out sheets, which stratified 
problematic vs non-problematic patients, were 
collected over a 3-mo period. Patient outcome 

was analyzed

More non-problematic patients had adverse events, only 42% of 
adverse events occurred in the problematic patients

Al-Benna et al[19] Multi-center 
telephone 

questionnaire

Handoff practices and quality by queried 
trainee surgeons at 30 British Isles burns units 

Majority of units had junior-to-junior handoffs (76.7%), senior-to-
senior trainee handoff (56.7%), and more than one level of trainee 
present. Few handoffs sessions were pager-free of interruptions 

(10%) and few had formal handoff training (16.7%)
Gawande et al[11] Multi-center 

interviews
Interview of 38 surgeons from three academic 
teaching hospitals to identify errors that led to 

patient incidents 

145 incidents reported, 43% (n = 62) of which were due to 
communication breakdown; of these 66% (n = 41) were due to 

handoffs errors

Table 1  Selected surgical handoff studies
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Effects of limited work hours on surgical training. J Am Coll Surg 
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included that, often times, the report did not include the 
assessment and plan, and, in many cases, certain data 
were not accurately transferred. Distractions during 
handoffs increase the chance that working memory 
will fail, leading to a higher chance of subsequent 
medical errors[22]. Although face-to-face handoffs are 
felt to improve the receiving physician’s perception 
of quality[23], data have not proven that face-to-face 
handoffs are associated with better patient outcome.

Current and future handoff research
Riesenberg et al[1] conducted a systematic review of 
physician handoffs in the United States. Their search 
yielded 46 articles, 33 of which were published since 
2005. Only 18 of these 46 articles were experimental 
with the remainder being anecdotal experience, reviews, 
etc. Furthermore, their review revealed that only 6 of 
the 18 research articles had some measure of handoff 
effectiveness. Their study found that communication 
was the most frequently identified barrier to effe-
ctive handoffs. Forty-five of forty-six articles involved 
residents or had a medical education theme. The status, 
problems, and differences in community hospitals are 
largely not reported in the literature[2]; this represents 
an area for future research.

One subject the literature on handoffs has yet to 
explore is the use of texting in communicating patient 
related care. The use of texting to communicate among 
residents and attendings was demonstrated in a single 
center survey study by Shah et al[24]. By surveying 
residents and attendings, they found that the majo-
rity of both residents (66%) and attendings (62%) 
used texting for patient-related care. Verbal or phone 
conversations were used more often for urgent or 
emergent situations, however, text messages were the 
primary means of communication of day-to-day practice 
of routine patient care. That study did not specifically 
address handoffs and there are no studies that we are 
aware of that have done so. Texting prevalence and 
other uses of smartphones in handoffs and comparison 
to other means would be a useful contribution to the 
literature. 

CONCLUSION
From the literature, there is much stress on the 
importance of effective handoffs, yet few scientific 
studies. Several principles are clear: (1) distractions 
during handoffs cause errors in care; (2) there are no 
outcomes data to recommend one type of handoff over 
another; and (3) one type of handoff cannot satisfy 
all types of practice, even within the same institution. 
Areas for future work include data-driven experimental 
studies that compare different techniques of handoffs 
and their effects on patient care. 
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Abstract
Clinical testing of patients for hereditary breast and 

ovarian cancer syndromes began in the mid-1990s 
with the identification of the BRCA1 and BRCA2 genes. 
Since then, mutations in dozens of other genes have 
been correlated to increased breast, ovarian, and other 
cancer risk. The following decades of data collection 
and patient advocacy allowed for improvements in 
medical, legal, social, and ethical advances in genetic 
testing. Technological advances have made it possible 
to sequence multiple genes at once in a panel to give 
patients a more thorough evaluation of their personal 
cancer risk. Panel testing increases the detection of 
mutations that lead to increased risk of breast, ovarian, 
and other cancers and can better guide individualized 
screening measures compared to limited BRCA testing 
alone. At the same time, multi-gene panel testing is more 
time-and cost-efficient. While the clinical application of 
panel testing is in its infancy, many problems arise such 
as lack of guidelines for management of newly identified 
gene mutations, high rates of variants of uncertain 
significance, and limited ability to screen for some 
cancers. Through on-going concerted efforts of pooled 
data collection and analysis, it is likely that the benefits 
of multi-gene panel testing will outweigh the risks in the 
near future.

Key words: Panel testing; Genetic testing; BRCA; Breast 
cancer

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Evaluating multiple genes in a panel test 
has clear advantages over BRCA1/2 testing including 
a greater likelihood of identifying patients with action-
able pathogenic mutations, improved efficiency over 
sequential testing, and lower overall cost. At the same 
time, panel testing comes with limitations; most notably 
a lack of clear management guidelines for mutations in 
moderate penetrance genes and limited evidence-based 
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clinical validity. As more information is gathered on 
these moderate- and low-penetrance gene mutations, 
the ability to guide clinical decisions for patients will 
continue to improve. 

Kapoor NS, Banks KC. Should multi-gene panel testing 
replace limited BRCA1/2 testing? A review of genetic testing 
for hereditary breast and ovarian cancers. World J Surg Proced 
2016; 6(1): 13-18  Available from: URL: http://www.wjgnet.
com/2219-2832/full/v6/i1/13.htm  DOI: http://dx.doi.org/10.5412/
wjsp.v6.i1.13

HISTORICAL CONTEXT
The first hereditary susceptibility gene associated with 
breast cancer risk was identified in 1994 and called 
BRCA1[1,2]. At that time, there were approximately 
182000 cases of breast cancer diagnosed annually in 
the United States[3] and a growing concern to identify 
causative factors for a highly prevalent disease. Shortly 
thereafter in 1995, the BRCA2 gene was identified and 
these two genes, BRCA1 and BRCA2 (BRCA1/2), began 
to play an important role in evaluating newly diagnosed 
breast cancer patients and others with high-risk family 
histories. 

Initially, when clinical testing of BRCA1/2 mutations 
began in 1996, there were many uncertainties and 
criticisms: Data to demonstrate outcomes and benefit 
of proposed management was still being gathered, 
directive guidelines did not exist, and understanding 
of the expanding phenotype and variable penetrance 
was still occurring. The rate of inconclusive results was 
higher, time to receive results was closer to two months, 
patient concern about genetic discrimination was much 
more pronounced, and protective legislation specific to 
genetic test results was limited. Furthermore, the long-
term psychological impact of genetic testing results was 
yet unknown. 

It is now well-documented that germline BRCA1/2 
mutations significantly increase risk for breast, ovarian, 
and male breast cancer as well as moderately increase 
risk for prostate and pancreatic cancer[4-6]. Establis-
hed national guidelines identify which clinical histories 
warrant BRCA1/2 genetic testing and how to manage 
patients who carry BRCA1/2 mutations, specifically high-
risk surveillance and risk-reducing surgical options[7]. 
BRCA1/2 genetic testing is now routinely covered by 
insurance companies in patients with defined clinical 
histories, the rate of inconclusive results is less than 5%, 
and results are returned in approximately two weeks. 
Ultimately, a federal law was passed called Genetic 
Information Nondiscrimination Act “GINA” of 2008 to 
prevent medical insurance companies and employers 
from discriminating against individuals on the basis of 
their genetic information[8]. Fortunately, initial data has 
shown that no significant long-term psychological and 
emotional consequences occur as a result of genetic 

testing[9].
Many breast surgeons incorporate BRCA1/2 testing 

into the initial work-up of newly diagnosed breast cancer 
patients who meet testing criteria to guide surgical 
decisions. Family members of affected individuals or 
other high-risk patients can also be easily referred for 
cancer genetic counseling for testing and preventive 
intervention strategies. The high prevalence of BRCA1/2 
mutations among male breast cancer patients and 
ovarian cancer patients has led to recommendations 
that any patient with one of these diseases obtain 
BRCA1/2 testing[7]. In the last few years, testing criteria 
have also expanded to include pancreatic cancer and 
high-grade prostate cancer indications[7].

RECENT SHIFTS 
Of hereditary breast cancers, only 30%-50% is attri-
buted to mutations in BRCA1 and BRCA2 genes[10-12]. 
Over several decades of research, additional genetic 
mutations in numerous other genes have been impli-
cated in breast and ovarian cancer risk. There are now 
over 20 genes and hundreds of mutations that have 
been implicated in the development of breast and/or 
ovarian cancer (Table 1)[12-14]. 

Traditionally, testing patients or those at risk for 
hereditary breast and ovarian cancer risk-began with 
evaluating BRCA1/2. If results were negative, additional 
testing was offered, often several weeks to months 
later, only if the patient met certain criteria for additional 
genetic syndromes. Numerous advances from scientific 
technology to legislation to public awareness and media, 
have shifted this testing paradigm.

Technological advances in DNA sequencing have 
come to what some have termed a “tipping point” in 
the advancement of genetic evaluation and discovery 
of new mutations related to hereditary cancer risk[15]. 
In place of more tedious methods of DNA sequencing 
using Sanger sequencing techniques, massively parallel 
DNA sequencing using Next Generation Sequencing 
(NGS) allows multiple genes to be evaluated at once. 

With NGS, came the opportunity to offer panel 
testing, or evaluating numerous genes at once rather 
than in sequence. Panel testing decreased the turn-
over-time for results while minimizing the cost of the 
test[10,13]. Even with panel testing, however, there were 
still restrictions with including BRCA1/2 testing on a 
panel due to patents held by the founding company on 
evaluating these genes for almost 20 years. It was not 
until a 2013 Supreme Court ruling of Association for 
Molecular Pathology v. Myriad Genetics that many of 
these patents that restricted BRCA1/2 testing became 
invalidated[16]. Since then, multi-gene panels offered 
by numerous genetic testing companies were able to 
include BRCA1/2 in their panels and offer patients com-
prehensive testing upfront[17]. 

Another equally important event that occurred to 
influence hereditary genetic testing patterns was the 
public disclosure of the highly acclaimed actress Angelina 
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Jolie’s BRCA1 mutation status in 2013. When Jolie 
explained her decision to choose prophylactic bilateral 
mastectomy and oophorectomy due to her BRCA1 
mutation, mainstream media brought public awareness 
to the importance of hereditary genetic testing and as 
a result, there became a surge in numbers of patients 
undergoing testing[18]. While numbers referred for 
testing have more than doubled in some locations, the 
majority of referrals have been found to be appropriate 
and for qualified candidates[18]. 

NEWER DATA
With this shift in testing, the clinical impact of multi-gene 
panel testing has become apparent. Prior to inclusion 
of BRCA1/2 in panels, LaDuca et al[19] evaluated over 
2000 patients who underwent multi-gene panel testing 
with 14-21 genes (excluding BRCA1/2) between March 
2012 and May 2013. Overall, 8.3% of patients were 
found to carry pathogenic mutations, ranging from 
7.2%-9.6% depending on the number of genes evalu-
ated. Of patients who were deemed to be high risk for 
hereditary breast and ovarian cancer and underwent a 
“breast” panel with genes implicated in breast cancer 
pathogenesis, 10.9% of patients were found to carry 
pathogenic mutations. The genes found to be mutated 
most frequently in this cohort of high-risk patients 
included PALB2, CHEK2, and ATM. 

Similarly, Tung et al[20] evaluated over 2000 high-
risk patients who underwent a NGS multi-gene panel 
testing with 25 genes including BRCA1/2. Of patients 
who underwent panel testing with BRCA1/2, 9.3% 

were found to carry a BRCA1/2 mutation and an additi-
onal 4.2% of patients carried non-BRCA mutations 
again with the most frequent gene mutations in PALB2, 
CHEK2, and ATM. Smaller studies have also shown the 
benefit of panel testing[14,21-23]. 

We have demonstrated that multi-gene panel testing 
nearly doubles the pathogenic mutation detection rate 
in patients with increased risk of hereditary breast and/
or ovarian cancer when compared to limited BRCA1/2 
testing alone in a cohort of 966 high-risk patients[21]. 
Likewise, a French group used their own NGS panel 
of 27 genes to evaluate 708 high-risk patients and 
found a 15.4% mutation detection rate[14]. Mutations 
in BRCA1/2 accounted for 59% of these genetic alter-
ations in the French study, while 41% were non-BRCA 
genes, again most frequently in PALB2, CHEK2, and 
ATM genes. 

When patients undergo panel testing with multiple 
genes, there is an increased detection of pathogenic 
mutations, but there is also increased detection of DNA 
variants of uncertain significance (VUS). Depending on 
the number of genes in a panel and the patients who 
are tested, VUS rates from panel testing have been 
reported to range from 6.7%-41.7%[19-21]. The VUS rate 
for any given gene will be highest initially as data starts 
to accumulate, then will decrease over time[19]. Nonethe-
less, BRCA1/2 testing is still associated with a VUS rate 
of approximately 4%[21]. 

BENEFITS
In order for a new testing method to replace an es-
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Gene Cancer risk1

ATM Breast, pancreatic cancer
BARD1 Breast
BRCA1 Breast, ovarian, male breast cancer, melanoma, pancreatic cancer
BRCA2 Breast, ovarian, male breast cancer, melanoma, pancreatic, prostate cancer 
BRIP1 Breast
CDH1 Breast, diffuse-type gastric cancer
CHEK2 Breast, colon, ovarian
EPCAM Colorectal, uterine, stomach, ovarian
MLH1 Colorectal, uterine, stomach, ovarian
MRE11A Breast
MSH2 Colorectal, uterine, ovarian
MSH6 Colorectal, uterine, stomach, ovarian
MUTYH Breast, colorectal, other gastrointestinal sites
NBN Breast
NF1 Breast, peripheral nerve sheath tumors, gliomas, leukemias, pheochromocytomas
PALB2 Breast, pancreatic cancer
PMS2 Colorectal, uterine, stomach, ovarian
PTEN Breast, thyroid, endometrial cancer
RAD50 Breast
RAD51C Breast, ovarian
RAD51D Breast, ovarian
STK11 Breast, gastrointestinal, ovarian
TP53 Breast, ovarian, osteosarcomas, brain tumors, colorectal, other gastrointestinal sites

Table 1  List of select genes that can be found on multi-gene panels and associated cancer 
risks

1List of cancer sites is not all-inclusive as additional sites may be pending further clinical validation.
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LIMITATIONS AND CONCERNS 
While panel testing increases the diagnostic yield by up 
to 50% compared to BRCA1/2 testing alone, sometimes 
the pathogenic mutation identified is in a gene for 
which there is limited data as to the cancer risks and 
cancer spectrum so patient management recommend-
ations will not be available. National Comprehensive 
Cancer Network guidelines currently provide detailed 
recommendations for a handful of well-characterized, 
highly-penetrant genes (BRCA1, BRCA2, PTEN, TP53, 
CDH1, and STK11) and also provide breast and ovarian 
management considerations for some of the genes 
commonly identified by panel testing (ATM, CHEK2, 
and PALB2)[7]. Detailed recommendations, however, 
accounting for the other cancer risks associated with 
these genes and recommendations for management 
of patients with mutations in less-characterized genes 
do not yet exist. It is also possible that mutations in 
moderate/intermediate-risk genes may not entirely 
explain a personal and/or family history of cancer; the 
role of gene/gene and gene/environment interactions 
could influence the manifestation of a gene mutation 
and/or cause phenocopies in the family (people who 
do not carry a known familial mutation but develop 
a cancer associated with the familial gene mutation). 
In addition, others have argued that there is a lack of 
clinical validity due to limited data sets that estimate 
cancer risk for many of the genes found on panels[36]. 
Clearly larger population and family-based studies will 
be needed to provide the best risk-estimates for app-
ropriate counseling for the more rare gene mutations. 
Given this, management recommendations for patients 
(and their family members) with mutations in less-
characterized genes need to take into account what is 
known about the specific gene as well as the personal 
and family clinical history[21].

With the identification of cancer risk outside of 
breast, colon, and ovarian cancer, comes the question 
of how to screen for and/or prevent rare cancers that 
associated with specific gene mutations (Table 1). This 
dilemma is not specific to the “newer” genes included on 
many panels. Patients with a BRCA1/2 gene mutation 
and family history of pancreatic cancer are counseled 
that they likely have an increased risk for pancreatic 
cancer, but screening for early-detection of pancreatic 
cancer is not well-established and only recommended 
within the scope of a clinical trial[37]. Patients found to 
carry a TP53 gene mutation are informed that they 
have a significantly elevated risk for multiple types of 
cancers, some of which we have screening modalities 
and guidelines for but others which do not[7]. On the 
other hand, patients with a CDH1 gene mutation can 
have up to a 70% risk of gastric cancer by age 80 and 
may be recommended to consider prophylactic total 
gastrectomy[38]. As with targeted BRCA1/2 or TP53 
testing, patients undergoing panel testing need to 
be informed of the benefits, limitations, and possible 
implications of testing, including limited screening and 

tablished algorithm, a substantial benefit should be 
possible with limited consequences. There are a number 
of obvious advantages of multi-gene panel testing 
over limited BRCA1/2 testing. Panel testing not only 
provides patients with more information about their 
hereditary risk by increasing the detection of pathogenic 
mutations, but it also identifies actionable mutations 
for which patients can choose to increase surveillance 
of high risk cancers, initiate chemoprevention, or even 
undergo prophylactic surgery to remove a potential at-
risk organ site. 

Carrying a BRCA1/2 mutation leads to a lifetime 
risk of breast cancer up to 85% and a lifetime risk of 
developing ovarian cancer between 15%-60%[4-6]. 
Increased surveillance with breast MRI can detect 
breast cancers at earliest stages for these patients, 
while prophylactic bilateral mastectomy decreases this 
risk by over 90% and prophylactic bilateral salpingo-
oophorectomy minimizes the risk of both ovarian and 
breast cancer[24,25]. Similarly, patients with mutations 
in non-BRCA genes that are associated with increased 
risk of breast cancer, such as PALB2, CHEK2, and 
ATM, may also benefit from increased screening with 
breast MRI. Other patients with these non-BRCA gene 
mutations, especially those with a strong family history 
of breast cancer or who carry particularly penetrant 
gene mutations may even benefit from prophylactic 
mastectomies[26-31]. 

In addition to identifying genes associated with 
breast and/or ovarian cancer risk, panel testing iden-
tifies genes with cancer risk in other organ sites (Table 1). 
Mutations in the PTEN gene, for example, confer a risk 
of breast, thyroid, and endometrial cancer. Patients with 
PTEN mutations and the related Cowden syndrome are 
recommended to not only have increased breast cancer 
surveillance, but annual thyroid ultrasounds and endo-
metrial evaluations as well[7]. On the other hand, MSH2 
mutations are implicated in Lynch syndrome, which is 
characterized by increased risk of early onset colon, 
uterine, and ovarian cancers[32]. For these patients, 
consideration of hysterectomy and oophorectomy and 
increased frequency of colonoscopies should be included 
in counseling. Multi-gene panel testing can help direct 
focused screening in high risk patients and even enable 
risk-reducing interventions.

Other benefits of panel testing over sequential 
testing include the ability to test for genes that a patient 
might not normally be considered for. This is especially 
true for more rare gene mutations that are typically 
associated with particular family inheritance patterns 
or traits such as Li Fraumeni syndrome or Cowden 
Syndrome[33,34]. With panel testing, these rare mutation 
carriers can be more readily identified in patients with 
limited or unknown family history. 

Fortunately, NGS allows for multi-gene panel testing 
to be both efficient and cost-effective[13,23,35]. Rather 
than thousands of dollars for only BRCA1/2 testing, 
dozens of genes can now be sequenced at once for a 
fraction of the cost. 
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prevention options for certain cancers. 
Another limitation with panel testing is the higher 

rate of inconclusive (variant of uncertain significance) 
results. Similar to the early days of BRCA1/2 genetic 
testing when VUS rates were higher, clinicians ordering 
panels for their patients must be aware of the higher 
possibility of identifying a VUS and make empiric man-
agement recommendations based on the personal and 
family clinical history when such a result is received[19-22]. 
An inconclusive result can cause patient (and clinician) 
anxiety about future cancer risks and potential risk 
for family members. Patients with VUS results can 
contribute to research specific to their gene variant and 
participate in national registries such as the Prospective 
Registry of Multiplex Testing. Often, however, facilit-
ation of patient participation in such research falls 
to the managing busy clinician. As additional data is 
accumulated, VUS results are ultimately re-classified to 
either benign or deleterious, often years later, and the 
original ordering clinician receives the reclassification 
report that they must then act upon. 

Lastly, as with any emerging technology, NGS and 
multi-gene panel tests are currently without established 
insurance guidelines for payment reimbursement. 
Without a panel-specific current procedural terminology 
(CPT) code, billing for panel tests is not as straight-
forward as BRCA1/2 or Lynch testing for which gene-
specific CPT codes exist. Obtaining authorization 
for BRCA1/2 testing is fairly simple, while obtaining 
authorization for panel testing may require more work 
from the clinicians’ office, although some laboratories 
will perform insurance authorization services to support 
the process. 

CONCLUSION 
Evaluating patients at risk for hereditary breast and 
ovarian cancer syndromes has transformed in a short 
period of time. Mutations in BRCA1/2 genes are still the 
most common gene mutations accounting for inherited 
cancer risk, however numerous other genes have been 
added to the spectrum of hereditary cancer risk. Evalu-
ating multiple genes in a panel test has clear advantages 
over BRCA1/2 testing including a greater likelihood 
of identifying patients with actionable pathogenic 
mutations, improved efficiency over sequential testing, 
and lower overall cost. At the same time, panel testing 
comes with limitations; most notably a lack of clear 
management guidelines for mutations in moderate 
penetrance genes and limited evidence-based clinical 
validity. As more information is gathered on these 
moderate- and low-penetrance gene mutations and 
VUS through national efforts, our ability to guide clinical 
decisions for our patients will continue to improve. In 
the interim, thoughtful application of existing guidelines 
for gene mutations with cancer risk profiles similar to 
genes with established guidelines can be applied in the 
management of patients with mutations in some of 
these newer genes.
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