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Abstract

Background The PILLAR II trial demonstrated PINPOINT is safe, feasible to use with no reported adverse events and
resulted in no anastomotic leaks in patients who had a change in surgical plan based on PINPOINT’s intraoperative assess-
ment of tissue perfusion during colorectal resection. Whether the cost savings associated with this reduction in anastomotic
complications can offset the cost of investing in PINPOINT is unknown.

Methods We performed a retrospective analysis of all patients (N =347) undergoing colectomy with primary anastomosis
from January 2015 to April 2016. These patients were stratified based on whether fluorescence imaging was used intraop-
eratively. The clinical outcomes of these patients were then evaluated based on their development of an anastomotic leak or
stricture. The direct hospital costs per case were then calculated, and the economic impact of using fluorescence imaging
was examined to assess whether decreased direct costs would justify the initial expenditures to purchase new technology
(PINPOINT System, NOVADAQ, Canada).

Results Fluorescence imaging in colorectal surgery using PINPOINT reduced the anastomotic failure rate in patients who
underwent colon resection. The PINPOINT group (n=238) had two (0.84%) anastomotic failures, while the non-PINPOINT
group (n=109) had six (5.5%) anastomotic failures. In the PINPOINT group, 11 (4.6%) patients had a change in the resection
margin based on the results of the fluorescence imaging, and none of these patients experienced an anastomotic failure. Cost
per case was less in the PINPOINT group secondary to fewer direct costs associated with complications.

Conclusions These results validate the findings of the PILLAR II trial and confirm the decrease in direct costs due to reduc-
tion in anastomotic failures as a result of using PINPOINT justified the expense of the new technology after just 143 cases.

Keywords Hospital value proposition - NSQIP - PINPOINT - Intraoperative fluorescence imaging - Colorectal surgery -
Anastomotic leak

The SPY System (NOVADAQ Technologies, Mississauga,
Ontario, Canada) was first introduced over a decade ago
and is widely used in open and minimally invasive surgery
[1]. The clinical and economic benefits of SPY technology
have been featured in numerous peer-reviewed publications
[2-7]. SPY technology is available in a variety of platforms
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including the PINPOINT Endoscopic Fluorescence Imag-
ing System.

PINPOINT allows for the real-time evaluation of vas-
cular blood supply to various anatomic structures during
laparoscopic surgical procedures. For example, PINPOINT
can assess the microvascular blood flow to the colon both
before resection and after reconstruction at the planned site
of anastomotic creation [8]. This feature is clinically relevant
for averting postoperative anastomotic failure, as it is often
related to ischemia [9]. PINPOINT accomplishes this by
enhancing the vascular evaluation at the time of selection
of the site for colon transection and by allowing surgeons to
appreciate the potential for a poorly perfused anastomosis.
Most importantly, this informed evaluation enables surgeons
to immediately make revisions while in the operating room
in an effort to prevent anastomotic failure days later.
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The PILLAR II study, a prospective, multi-center clinical
trial, validates the PINPOINT system is a safe and feasible
tool for intraoperative assessment of tissue perfusion during
colorectal resection, and confirms that its use may lead to a
decreased incidence of anastomotic leaks [10]. PILLAR II
results show PINPOINT contributed to a change in surgical
plan related to planned anastomosis in 11 (8%) patients. The
overall anastomotic leak rate in the study was 1.4% (N=2)
with no leaks in the 11 patients who had a change in surgical
plan based on intraoperative fluorescence imaging assess-
ment with PINPOINT.

As the healthcare system continues to transition from a
volume-based system to a value-based system where the
quality of patient care and outcomes matter, it is increasingly
important to carefully evaluate the cost-benefits of adopting
a new technology, especially when costly. Understanding a
novel technology’s clinical and economic benefits allows
providers to more effectively and efficiently allocate their
limited resources. We therefore performed a retrospective
cost analysis to determine if the potential cost savings as
a result of avoided anastomotic complications justified the
acquisition of PINPOINT, a new technology to Overlook
Medical Center (OMC).

Methods
Study design

This was a retrospective analysis (clinical and financial) of
all patients undergoing colectomy with anastomosis over a
15-month period to assess for anastomotic failure (leak or
stricture). Use of fluorescence technology was based on sur-
geon preference. The data were used to determine the post-
operative incidence of and costs associated with anastomotic
complications following colorectal surgery.

Inclusion criteria

All patients undergoing an intestinal resection with a colonic
or rectal anastomosis from January 2015 to April 2016 were
included in this study.

Exclusion criteria

Patients with a known allergy to iodide were excluded.
Postoperative anastomotic outcomes

The anastomotic complications considered for this study
were leaks and strictures. Both were captured by perform-

ing individual chart reviews on all colorectal cases to screen
for these postoperative occurrences.

Leaks or disruption of the anastomosis was confirmed
by radiographic imaging or by surgical intervention. Hospi-
tal chart reviews were performed to identify outcomes. The
patient was tracked for postoperative interventions in the
hospital data base after discharge.

Strictures were defined as anastomotic narrowing to
<11 mm (identified endoscopically or on radiographic
imaging) or narrowing that required endoscopic dilatation
due to obstructive symptoms.

The postoperative period is defined as 30 days from the
procedure date.

Intraoperative measures

Three intraoperative outcomes were included in this study:
a change in resection margin, revision of anastomosis, and
additional resection margin.

Change in resection margin refers to the number of
patients who were identified by PINPOINT to have insuf-
ficient perfusion of the bowel which was to be used for the
anastomosis resulting in further resection.

Revision on anastomosis refers to the number of patients
who were identified by PINPOINT to have insufficient per-
fusion of the bowel after the anastomosis was completed
resulting in further resection.

Additional resection margin is the amount of intestine
resected to obtain bowel margins, as assessed by PIN-
POINT, with appropriate perfusion to perform a reliable
anastomosis.

Direct costs

Direct costs were the average of the costs taken from the
OMC data system and included supply costs, staff salaries,
and operating room and hospital room charges. Total costs
were calculated by multiplying average costs with incidence
percentages based on the study results.

Statistical analyses

The Chi-square test was used to compare categorical vari-
ables. Cost data were based on means. The null hypothesis is
that there is no difference in anastomotic leaks with or with-
out the use of PINPOINT. The alternative hypothesis is that
anastomotic leaks are decreased when PINPOINT is used.

The study compared patient demographics to ensure
both groups were similar and to identify variables that
were associated with or contributed to anastomotic leaks.
Consequently, a univariate or multivariate analysis was not
performed.
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Results
Patient population

This analysis included 347 patients treated for colorectal
surgery at OMC from January 2015 to April 2016. Table 1
confirms the PINPOINT (n=238) and non-PINPOINT
(n=109) groups were comparable across all variables except

Table 1 Patient demographics of PINPOINT and non-PINPOINT
users

in transfusion percentage (16.4 vs. 8.3, p=0.04), diverting
ileostomy (5.5 vs. 13.8%, p=0.008), cancer status (26.9 vs.
14.7%, p=0.01), and operative approach (laparoscopic: 87
vs. 49.5%, p=0001; open: 13 vs. 50.5, p=0001).

Outcomes

Table 2 shows the use of PINPOINT Fluorescence Imaging
System in laparoscopic surgery at OMC from the beginning
of 2015 which resulted in significant reductions in postop-
erative complications. 68.6% (238/347) of the patients were
assessed with PINPOINT. There were no significant dif-
ferences in abdominal abscess, wound infection, and ileus
between the PINPOINT and non-PINPOINT study groups.

Demographics PINPOINT (N=238) Non- P value
PINPOINT However, there was a significantly higher incidence of
(N=109) anastomotic complications in non-PINPOINT users than in
Age (years), mean 624 60.8 030 PINPOINT users, specifically apastomotic leakagF: (3.7 vs.
Male sex (%) 529 45.8 025 0.84%, p=0.03) and anastomotic leakage and strictures in
BMI (ke/m?), mean ~ 28.4 274 0.42 non-PINPOINT users §5.5 VS. 0.8%1%, p =0.004.). .
Albumin (g/dL), 16 14 0.08 . Table 3 shows the intraoperative 1nterveT1t10ns admin-
mean istered as a result of the PINPOINT analysis. The use of
Tobacco use (%) 16.8 14.7 0.75 PINPOINT resulted in a change in resection margin in
Transfusion (%) 16.4 8.3 0.04 4.6% (11/238) of the patients and resulted in a revision of
Diabetes (%) 25 5.5 0.20 an already completed anastomosis in 0.4% (1/238) of the
ASA Class (%) patients. The additional resection margin changed an aver-
I 12 (5%) 7 (6.4%) 0.60 age of 2.73+ 1.6 cm. None of the patients who underwent
I 152 (64%) 66 (60.5%)  0.47 an anastomotic revision or additional resection prior to
I 67 (28%) 32(29.4%)  0.70 anastomosis experienced a postoperative anastomotic leak
v 7 (3%) 433%) 1.0 or stricture [11].
Diverting Ileostomy 13 (5.5%) 15(13.8%)  0.008 Table 4 compares the patient attributes of PINPOINT
Diagnosis and non-PINPOINT users who experienced anastomotic
Diverticular disease 80 (33.6%) 31 (28.4%) 038 leakage. The PINPOINT group consisted of an equal num-
Cancer 64 (26.9%) 16 (147%)  0.01 ber of males and females with an average age of 70 years.
Polyp 66 (27.7%) 28 (25.7%)  0.79
Hartmann closure 21 (8.8%) 13 (12.0%)  0.44 Table 3 Intraoperative intervention resulting from PINPOINT analy-
Other (IBD, pro- 7 (3.0%) 21 (19.2%) sis
lapse, volvulus, — -
colonic inertia) Intraoperative intervention based upon PINPOINT PINPOINT
Operative Approach I(J;e; 238)
Laparoscopic 207 (87%) 54 (49.5%) 0.0001
Open 31 (13%) 55 (50.5%) 0.0001 Change in resection margin, no. (%) 11 (4.6)
Revision of anastomosis, no. (%) 1(0.4)
BMI.Body mass indéx, ASA American Society of Anesthesiologists Additional resection margin, (cm), mean +SD 273416
Physical Status Classification
Table2 Postoperative Morbidity PINPOINT Non-PINPOINT P value
morbidity by PINPOINT user (N=238) (N=109)
status
Abdominal abscess, no. (%) 3(1.3) 5(5.0) 0.11
‘Wound infection, no. (%) 3(1.3) 3(2.8) 0.38
Tleus, no. (%) 22(9.2) 13 (11.9) 0.44
Anastomotic leak, no. (%) 2 (0.84) 4 3.7) 0.03
Anastomotic leak and strictures, no. (%) 2 (0.84) 6(5.5) 0.004
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Table 4 Demographic

. . Patient PINPOINT Non-PINPOINT All leaks (N=6)

Characterls.tlcs of patients . (N=2) (N=4)

who experienced anastomotic

leakage by PINPOINT user Age, years, mean 70 59.8 63.2

status Sex, % male 50% 100% 83%
BMI 31.8 30.8 31.1
Tobacco use, % smokers 0% 25% 17%
Albumin, g/dL 3.1 33 32
Diabetes 50% 25% 33%
ASA Class 2.5 2.8 2.7
Blood administered 50% 75% 67%
Operation, % right-sided anastomosis 100% 50% 67%
Operative approach, % laparoscopic 100% 75% 83%

BMI Body mass index, ASA American Society of Anesthesiologists Physical Status Classification

The average age of the non-PINPOINT group comprised
solely of males was slightly younger at 59.8 years. The non-
PINPOINT users were also tobacco users compared to the
PINPOINT users (25 vs. 0%). However, there were twice
as many diabetics in the PINPOINT group compared to
the non-PINPOINT group (50 vs. 25%). Both PINPOINT
and non-PINPOINT groups were classified with a similar
ASA physical status class (2.5 vs. 2.8) indicative of patients
with mild systemic disease without substantive functional
limitations.

Table 5 examines the demographic characteristics of the
six patients who experienced anastomotic leakage. One of
the six patients affected by anastomotic leakage is female.
The majority of patients are tobacco users and diabetic. The
ASA physical status class ranged from 2.1 to 4. A level 4
indicates a patient with severe systematic disease that is life
threatening.

Costs

Table 6 shows the use of PINPOINT in patients undergo-
ing major colon resections surgery which resulted in cost
savings during the study period. Cost data were calcu-
lated per 100 patients using the PINPOINT user status
percentage leak rates (3.7 vs. 0.8%) and the average cost
per patient with and without a postoperative anastomotic
leak ($60,625 vs. $14,375). Postoperative costs for non-
PINPOINT users were 9.1% more than the average post-
operative costs associated with PINPOINT users ($16,086
vs. $14,745). With the cost of the ICG dye factored in this
results in an average cost savings of $1216 per case or to
$121,600 in average cost savings for 100 cases.

Table 5 Demographic characteristics of individual patients who experienced anastomotic leakage

Patient 1 2 3 4 5 6

Age, years 72 68 60 46 78 55

Sex F M M M M M

BMI 35.8 27.7 38.9 225 24.6 373

Tobacco use No No No No Yes No

Albumin, g/dL 2.1 4 34 32 29 3.6

Diabetes Yes No No No No Yes

ASA Class 1 1I 1I 1 v 1I

Blood administered  Yes No No Yes Yes Yes

Diagnosis Cancer Polyp Diverticular dis- Diverticular dis-  Perforated viscus Cancer

ease, chronic ease, bleeding

Operation Extended right Right colectomy  Left colectomy  Right colectomy  Extended right colectomy  Ultra low

colectomy anterior
resection
Operative approach ~ Lap Lap Lap Lap Open Lap
PINPOINT Used Yes Yes No No No No

BMI Body mass index, ASA American Society of Anesthesiologists Physical Status Classification, F' female, M male
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Table 6 Postoperative costs
associated with and avoided by

PINPOINT user status

Average cost per Probability % of leakage Average cost

; case rate per case per 100
using PINPOINT cases
Non-PINPOINT user

With stricture and leak $60,625 3.7% $2243

Without stricture and leak $14,375 96.3% $13,843

Total $16,086

PINPOINT user

With stricture and leak $60,625 0.8% $485

Without stricture and leak $14,375 99.2% $14,260

PINPOINT Kit (ICG) cost $125

Total $14,870

Average cost savings per PINPOINT $1216

user per 100 cases

.  $750,000 increase in cost savings by the third year of its use due to
; the total adoption of the technology by all surgeons on
£ o staff.
22 $500,000 The 11 cases that had a change in resection margin
@ including one post anastomotic revision based on the use of
é z fluorescence imaging demonstrate cases where anastomotic
T g 220,000 2 failure was presumably averted (Table 3). If these cases had
-% o not been revised, the anastomotic leaks and/or strictures that
§ %0 [ 844306 might have occurred would have led to an anastomotic fail-

EmYearl mYear2 Year 3

Fig. 1 Projected cost savings associated with the use of PINPOINT
at OMC

Discussion

Patients who underwent PINPOINT intraoperative fluores-
cence imaging during their surgery experienced significantly
lower anastomotic failure rates (Table 2) and cost less to
treat (Table 6) compared to those who were not treated with
PINPOINT. Anastomotic leaks and failures are expensive to
treat [12] and were the primary drivers for the cost differen-
tial between the PINPOINT and non-PINPOINT patients.
Therefore, the costs of the equipment and the costs of the
disposables (Table 6) to perform PINPOINT intraoperative
imaging are offset by the improved quality and subsequent
cost savings associated with the use of the PINPOINT sys-
tem after just 143 colon resections.

Over the next several years, with capital costs already
incurred and all surgeons using the technology on every
case, the cost savings associated with the use of PIN-
POINT and the related reductions in complications are
projected to markedly increase as illustrated in Fig. 1.

Figure 1 shows a cost savings of $44,396 in the first
year of PINPOINT’s implementation and projects a 641%

@ Springer

ure rate of 5.5% in the PINPOINT group as well, mimicking
the results seen in the non-PINPOINT group (Table 2) and
being comparable to the national average of 6.2% [12]. The
use of PINPOINT allowed the surgeons in our practice to
proactively identify patients who were at high risk for anas-
tomotic failure and act upon it at the index surgery.

The use of PINPOINT has had a significant positive
impact on the clinical occurrence of anastomotic failure
rates at OMC. Complications associated with anastomotic
failure can be devastating and therefore, extremely expensive
in terms of direct hospital costs. A retrospective study of
12,348 patients found total hospital costs per 1000 patients
was 64.6% higher for patients with anastomotic leaks than
for patients without anastomotic leaks ($72.9 million vs.
$44.3 million) [12].

Fortunately, the value of the use of fluorescence imaging
also includes intangible benefits that occur with the mini-
mization of the complications associated with anastomotic
failure. Patients in whom anastomotic leaks can be avoided
experience a better quality of life as reflected in significantly
higher physical, emotional, and social follow-up assessment
scores than their counterparts who experienced anastomotic
leaks [13].

In the modern era of medical reimbursement, value-
based programs such as the Hospital Acquired Condition
(HAC) Reduction Program, Readmission Reduction Pro-
gram (RRP), and the Value-Based Purchasing (VBP) Pro-
grams have been implemented in U.S. hospitals as part of the
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initiative to move toward a value-based system [14]. Com-
plications such as catheter-associated urinary tract infection
(CAUTI), central line-associated blood stream infection
(CLABSI), postoperative deep venous thrombosis/pulmo-
nary embolus, Iatrogenic pneumothorax, and deep space
surgical site infection (SSI) in colon surgery are all events
which carry the potential for financial penalty of up to 6%
of an institution’s base operating DRG payment [15]. This
penalty percentage may increase in the future, making such
complications even more expensive to institutions.

PINPOINT’s ability to improve patient quality care and
outcomes is increasingly important for providers as well,
as Centers for Medicare and Medicaid Services (CMS)
continues to move toward a value-based payment model
with its recent implementation of the Merit-Based Incen-
tive Payment System (MIPS) [16—18]. Effective this year,
CMS is collecting performance data on eligible physicians
which will determine if providers receive a payment bonus
or penalty based on their performance threshold score. By
2022, the maximum payment adjustment for a physician’s
performance year will be +9%. The use of PINPOINT may
help physicians meet their threshold score, as the MIPS per-
formance categories are based on quality, cost, improvement
activities, and advancing care information, all of which can
be improved upon or demonstrated by the outcomes associ-
ated with the use of PINPOINT.

Limitations

Strictures could not be adequately tracked because these
were identified after discharge and could only be identified
if patients were re-admitted to Overlook. It is possible more
strictures were present but could not be identified because
outpatient patient records were not available, and if stric-
tured patients were done in an ambulatory surgical center,
there would be no way to track this.

This is also a retrospective study of OMC, a single institu-
tion. Therefore, selection bias may be present, and the results
of this study may not be generalizable to other facilities.
A larger sample size and long-term follow-up would also
improve the study design of this study.

Conclusion

After the introduction of PINPOINT technology in Decem-
ber of 2014, there were both early and late adopters which
enabled this comparative study. However, historical data at
OMC using the National Surgical Quality Improvement Pro-
gram (NSQIP) database confirmed our anastomotic leak rate
to be 3.7%, equivalent to the non-PINPOINT cases during
the study period.

In addition, further evaluation of these types of cases has
shown continued good outcomes with the use of this tech-
nology. Through the end of 2016, PINPOINT technology
has been used in over 450 cases with an anastomotic failure
rate of 0.9%.

The basis of medical reimbursement is going to become
more and more dependent on value rather than volume.
Therefore, providers should consider implementing PIN-
POINT as a standard of care in colorectal surgeries to reduce
the likelihood of complications and to alleviate institution
costs and costs to patients who may experience poor postop-
erative outcomes such as anastomotic leaks. Such reduction
in complications will also result in an as of yet unquantifi-
able increase in reimbursement based on the ever-growing
volume of pay-for-performance variables.
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