S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



JOURNAL OF SURGICAL RESEARCH e DECEMBER 2021 (268) /}597/]6/]

Available online at www.sciencedirect.com J R
Surgical Reaearoh

journal homepage: www.elsevier.com/locate/YJSRE

ScienceDirect 2

Endocrine Surgical Procedures During COVID-19: | ® oneck for psates
Patient Prioritization and Time to Surgery

Jae P. Ermer, BS,“ Jacqueline M. Soegaard Ballester, MD,*
Beatrice C. Go, BS,” Benjamin Philipson, PhD," Peter E. Gabriel, MD,"*
Daniel A. Pryma, MD,"“ Douglas L. Fraker, MD,%" Rachel R. Kelz, MD,*"

and Heather Wachtel, MD %>+

aDiv. of Endocrine and Oncologic Surgery, Department of Surgery, Hospital of the University of Pennsylvania,

Philadelphia, Pennsylvania

b perelman School of Medicine, University of Pennsylvania, Philadelphia, Pennsyluania
¢ Department of Radiation Oncology, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania
dDiv. of Nuclear Medicine Imaging and Therapy, Department of Radiology, Hospital of the University of

Pennsylvania, Philadelphia, Pennsylvania

ARTICLE INFO

ABSTRACT

Article history:

Received 4 December 2020
Revised 8 July 2021
Accepted 12 July 2021
Available online 24 July 2021

Keywords:
COVID-19
Coronavirus
Endocrine surgery
Thyroidectomy
Parathyroidectomy
Adrenalectomy
Delay

Background: We tracked endocrine surgery patients with treatment delays due to COVID-
19 to investigate the relationship between physician assigned priority scoring (PAPS), the
Medically Necessary, Time Sensitive (MeNTS) scoring system and delay to surgery.
Material & Methods: Patients scheduled for endocrine surgery or clinically evaluated during
COVID-19-related elective surgery hold at our institution (2/26/20-5/1/20) were prospectively
enrolled. PAPS was assigned based on categories of high, moderate, or low risk, consistent
with the American College of Surgeons’ priority system. MeNTS scores were calculated. The
primary outcome was delay to surgery. Descriptive statistics were performed, and receiver
operator characteristic (ROC) curves and area under the curve (AUC) values were calculated
for PAPS and MeNTS.
Results: Of 146 patients included, 68% (n = 100) were female; the median age was 60 years
(IQR:43,67). Mean delay to surgery was significantly shorter (P = 0.01) in patients with high
PAPS (35 d), compared with moderate (61 d) and low (79 d) PAPS groups. MeNTS scores were
provided for 105 patients and were analyzed by diagnosis. Patients with benign thyroid dis-
ease (n = 17) had a significantly higher MeNTS score than patients with thyroid disease
which was malignant/suspicious for malignancy (n = 44) patients (51.5 versus 47.6, P = 0.034).
Higher PAPS correlated well with a delay to surgery of <30 d (AUC: 0.72). MeNTS score did
not correlate well with delay to surgery <30 d (AUC: 0.52).
Conclusion: PAPS better predicted delay to surgery than MeNTS scores. PAPS may incorpo-
rate more complex components of clinical decision-making which are not captured in the
MeNTS score.
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Introduction

The COVID-19 pandemic has required health systems to meet
acute needs during an international health crisis. In the
United States, normal medical and surgical care was disrupted
starting in February 2020. While some routine medical care
was able to be managed with a shift to telemedicine, surgi-
cal procedures posed a particular challenge as they require
both physical interaction and substantial hospital resources
including staff, personal protective equipment, and ventila-
tor use.l> ? In March 2020, the United States Surgeon Gen-
eral delivered a formal advisory to halt elective surgeries due
to the concern of viral transmission and resource use.? This
unique situation placed many health systems and providers in
the unprecedented circumstance of triaging access to surgery.
To provide guidance the American College of Surgeons (ACS)
and other professional organizations published general prin-
ciples on the management of elective operations accounting
for institutional resources and clinical acuity.* In endocrine
surgery specifically, the American Association of Endocrine
Surgeons (AAES) and the Society of Surgical Oncology (SSO)
published guidance for the management of elective opera-
tions amidst the COVID-19 pandemic.>” These guidelines in-
clude disease specific management for benign and malignant
endocrine surgical procedures.

While some endocrine diseases are indolent and may be
medically managed; a subset require timely surgical interven-
tion.® When elective surgeries resumed, health systems faced
the additional challenge of prioritizing patients for surgery.
Several scoring systems were proposed to assist with priori-
tizing patients for elective surgery. These systems were devel-
oped for breast cancer surgery, head and neck surgery, urologic
and gynecologic surgery.51°

One critique of some of the published scoring systems is
that they fail to account for procedure-related components,
such as surgical team size and need for aerosol-generating
procedures such as intubation. The Medically Necessary, Time
Sensitive (MeNTS) is a scoring system which was developed to
incorporate patient, procedural and disease factors.'’ At our
institution the MeNTS score was used concurrently with a lo-
cally assigned Physician Assigned Priority Score (PAPS), based
on the principles published by the ACS.'? > The goal of this
study was to analyze the actual treatment delay experienced
by endocrine surgery patients due to COVID-19, and to com-
pare performance of MeNTS and PAPS scores in correlating
with surgical delays.

Methods
Study design & cohort

Patients scheduled for endocrine surgery (adrenal, parathy-
roid or thyroid surgery) or clinically evaluated for en-
docrine surgical disorders during the COVID-19 related elec-
tive surgery hold at the Hospital of the University of Penn-
sylvania (2/26/20-5/1/20) were prospectively entered into a
quality-assurance database which was automatically updated
daily from the electronic medical record. During this period,

all operative cases were cancelled except those which were
deemed urgent by the attending surgeon; these urgent cases
were considered to have experienced no delay to surgery and
were therefore excluded from the final analysis. Patients ini-
tially evaluated during the period when no elective surgery
was performed had a single scheduled operative date and
therefore were considered to have no delay to surgery. Patients
with a date of surgery that was rescheduled were included in
delay to surgery calculations.

Demographic and clinical variables included age, sex, self-
reported race, diagnosis, procedure, PAPS and MeNTS score.
The final study population consisted of 146 unique patients.
Four patients had two procedures for a total of 150 procedures.
Of the cohort, 105 patients had a COVID-related surgical delay
and 105 patients had a MeNTS score. A total of 41 patients ex-
perienced no delay to surgery. To evaluate patient comorbid
disease, a modified Elixhauser Comorbidity Index was calcu-
lated for all patients using ICD10 codes for 31 defined comor-
bidities.' This study was reviewed by the Institutional Review
Board of the University of Pennsylvania and deemed exempt
(IRB#: 844032)

Definitions and outcomes

Our primary outcome was delay to surgery. Surgical delay was
defined as the time from initial surgery to rescheduled surgery.
Patients were stratified by 30 or 60 d delayed. Subjects were
categorized by disease process and diagnosis. Benign thyroid
conditions included Graves’ disease, and biopsied benign thy-
roid nodules. Malignant thyroid disease included thyroid nod-
ules suspicious for cancer and confirmed malignancy.

Scoring systems

Physician Assigned Priority Score (PAPS) was determined by
the care providing physician based on categories of high, mod-
erate, or low risk, consistent with the Elective Surgery Acuity
Scale published by the American College of Surgeons.* The
elective surgery acuity scale is composed of three tiers with
two subtypes for each tier. Tier one is defined as outpatient
surgery for nonlife-threatening illness, tier two is defined by
patients with non-life-threatening illness that has potential
future morbidity and mortality and tier three is for high acu-
ity cases. The PAPS score consolidated tiers to low, moderate
and high risk without the retention of subtypes. MeNTS score
was calculated as described by Prachand et al'’. The MeNTS
systems includes procedure, disease and patient factors. Pro-
cedure factors are scored from 1 to 5, with higher scores
suggesting longer operating room (OR) times, length of stay,
and greater probability of postoperative intensive-care unit
(ICU) care and intubation (Supplementary Table S1).!' Dis-
ease factors focus on the impact of 2- and 6-w delay in treat-
ment and the potential effects on patient outcomes. Lower
MeNTS scores suggest favorable surgical risk, minimal risk to
personnel, and low resource utilization. A higher score sug-
gests a greater risk for the patient, a higher utilization of re-
sources, and a higher possibility of viral exposure to health
care providers®!.



ERMER ET AL ® ENDOCRINE SURGICAL PROCEDURES DURING COVID-I9 461

Table 1 - Demographic characteristics and planned pro-
cedures for study cohort (n = 146).

Surgical Cohort (n = 146)

Median age, years (IQR) 60 (43, 67)
Sex

Male (%) 46 (32%)
Female (%) 100 (68%)
Race

African American (%) 23 (16%)
Caucasian (%) 112 (77%)
Other/Unknown (%) 11 (7%)
Procedures (n = 150)

Thyroidectomy (%) 79 (52%)
Parathyroidectomy (%) 52 (35%)
Neck Dissection (%) 9 (6%)
Adrenalectomy (%) 6 (4%)
Other (%) 4 (3%)

Institution-specific rescheduling of elective surgeries

PAPS and MeNTS scores were both utilized to prioritize sub-
jects for surgery, as no data was available to support the ad-
vantage of one over the other. Scheduling of elective surgical
procedures resumed on May 1, 2020 at our institution, initially
at 50% capacity. Surgical capacity was increased over a 6-w
period, after which normal surgical block time was restored.
Subjects with high MeNTS scores were not permitted to un-
dergo elective surgery in the initial phase of rescheduling. Ur-
gent and emergent surgical procedures continued throughout
the study period.

Statistical analysis

Descriptive statistics were performed. Data was assessed for
normal distribution using the Shapiro-Wilk test, where p>0.05
was considered consistent with a normal distribution. Contin-
uous variables were presented as mean with standard devi-
ation (SD) for normal distribution, and otherwise as median
with interquartile range. For parametric group comparisons,
one-way ANOVA was used. No non-parametric group com-
parisons were performed. Receiver Operating Characteristic
(ROC) curves were generated to evaluate the specificity and
sensitivity of MeNTS and PAPS scores with respect to treat-
ment delay. A P-value of < 0.05 was considered significant. Sta-
tistical analysis was performed using STATA 15.1 (Stata Corpo-
ration, College Station, TX).

Results
Cohort characteristics

Of the 146 patients included in this study, 68% (n=100) were fe-
male (Table 1). The median age was 60 years (IQR: 43,67). The
majority of subjects were Caucasian (76%, n = 112). Four pa-
tients were scheduled for 2 procedures, for a total of 150 pro-

Table 2 — Mean delay to surgery, in d, by PAPS score.

Priority Mean,d Standard deviation N P-value
Low 78 54 58 0.01
Moderate 61 42 34

High 35 39 13

Total 68 50 105

cedures. Of 150 procedures, 52% (n = 79) were thyroidectomy,
35% (n = 52) were parathyroidectomy, 6% (n = 9) were neck
dissection, 4% (n = 6) were adrenalectomy and 3% (n = 4) were
other. 8 were re-operative procedures, including seven reop-
erative parathyroid surgeries and 1 re-operative central neck
dissection for recurrent papillary thyroid cancer. There was a
total of 149 diagnoses for the 146 subjects in the study cohort.
The most common diagnosis was thyroid disease (n = 89),
which was further categorized as malignancy or suspicion
for malignancy (n = 59), or benign thyroid disease (n = 30).
Parathyroid disease was the next most common diagnosis
(n = 54). A minority of patients had adrenal disease (n = 6).
Three subjects had two diagnoses. All cases were scheduled at
the main hospital. Thyroid and parathyroid cases were consid-
ered outpatient procedures, while adrenalectomies were con-
sidered in-patient admissions.

Forty-one subjects did not experience a delay to surgery.
The diagnoses were parathyroid disease (n=14), thyroid dis-
ease (n = 26), and adrenal disease (n = 1).

Patients by physician assigned priority score

PAPS scores were low in 60% (n = 88), moderate in 28% (n = 41)
and high in 12% (n = 17) as shown in Figure 1. Of the total co-
hort, 105 patients had surgical delays while 41 proceeded with
surgery as originally scheduled. Within the subset of subjects
with delays, time delay to surgery significantly correlated with
PAPS category (P=0.01), as shown in Table 2. The average num-
ber of days of surgical delay were 78, 61, and 35, for low, moder-
ate, and high-risk patients, respectively. Within the subset of
subjects who did not experience a delay to surgery, the PAPS
score was low (n = 30) in the majority, with moderate (n = 7),
and high acuity (n = 4) cases constituting the minority.

The mean Elixhauser comorbidity index was 2.2 in low
acuity, 1.5 in moderate acuity, and 2.9 in high acuity cases.
There was no statistically significant difference between PAPS
categories.

Patients by MeNTS score

The entire study cohort was assigned a MeNTS score. 80 sub-
jects had MeNTS scores assigned prospectively with 66 be-
ing assigned retrospectively. The mean MeNTS score was 50.5
+ 5.3. MeNTS varied by diagnosis: in subjects with parathy-
roid disease (n = 52), the mean MeNTS was 50.7 + 4.3. Com-
pared with 52.5 + 5.8 in benign thyroid disease (n = 28), and
48.7 + 4.5 in subjects with malignant and/or suspicious thy-
roid diagnoses (n = 57). Three patients had two diagnoses:
one with malignant and/or suspicious thyroid and parathy-
roid disease, one with benign thyroid and parathyroid disease,
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Fig. 1 - Physician assigned priority scores (PAPS) for Parathyroid disease, Benign Thyroid disease and Malignant/Suspicious

Thyroid disease (n = 137).

Table 3 — Mean MeNTS score, by PAPS score.

Priority Mean MeNTS score Standard deviation
Low (n = 46) 49.63 46

Moderate (n = 25) 49.91 5

High (n = 9) 50.1 9.1

Total 49.8 5.4

and one with benign thyroid and malignant and/or suspicious
thyroid disease. Their MeNTS scores were 55, 47, and 56, re-
spectively. MeNTS was significantly different between benign
and malignant thyroid diagnoses (P = 0.006). Within the sub-
set of patients who did not experience a delay to surgery, the
mean MeNTS score was 52.

PAPS and MeNTS were not significantly correlated. When
patients were stratified by PAPS category, there was no sta-
tistically significant difference in mean MeNTS score between
groups (P= 0.09). Low-risk patients (n = 58) had a mean MeNTS
of 49.6 + 4.6, moderate-risk patients (n=34) had a mean
MeNTS of 50 + 5, and high-risk patients (n = 13) had a mean
score of 50.1 £ 9, as show in Table 3.

Association between scoring systems and time to surgery

Receiver operator characteristic (ROC) curves were generated,
and AUC values were calculated to determine the correlation
between PAPS and MeNTS scores and surgical delay, as shown
in Figure 2. Higher PAPS correlated well with a <30-d delay to
surgery (AUC: 0.72). MeNTS score did not correlate well with
a <30-d delay to surgery (AUC: 0.52). Neither PAPS (AUC: 0.59)
nor MeNTS (AUC: 0.40) correlated well with a <60-d delay to

surgery.

Discussion

Elective surgical delays related to COVID-19 created an un-
precedented situation requiring first procedure triage, and
then prioritization of procedure rescheduling. Several scoring

systems have been developed to capture patient and proce-
dure characteristics to guide these challenging management
decisions.®'?> 15 1¢ Due to the rapidly evolving public health
crisis, these scoring systems were of necessity developed and
implemented without external validation. In this study, we
evaluate the performance of the published MeNTS scoring
system as compared with an institutional physician-assigned
priority categorization.

In our cohort, we show that the MeNTS score did not cor-
relate with delay to surgery, while PAPS score was signifi-
cantly associated with a less than 30-d delay to surgery. These
data suggest that the MeNTS score may not capture clinical
nuances which are incorporated intuitively by providers. En-
docrine surgery procedures in particular

Although the MeNTS system is a well-intentioned and
thoughtful assessment of patient, disease and procedure fac-
tors, the complexity of clinical care may exceed the capac-
ity of a single scoring system. A similar observation has been
made in gynecologic and urologic surgery, where the broad
MeNTS system did not well-discriminate urgent cases and
performed less well than compared to a modified surgical
acuity scale or individual surgeon prioritization.’ ® Prior-
itization systems that better discriminate urgent cases are
being developed in individual specialties. Smith et al. cre-
ated a tool to score breast cancer surgeries which includes
factors based on genetic testing, and tumor oncotype and
characteristics.’ A study from the University of Toronto, pro-
poses the SPARTAN-HN scoring system for head and neck
cancer patients which correlated well with expert rank-
ings.'® However, in this publication and others, case-by-case
review was still recommended. Our findings and prior re-
search suggest that although the MeNTS score may pro-
vide some objective data to assist in case rescheduling, it
incompletely captures clinical, social and resource nuances
which are best incorporated by an experienced clinician
familiar with the patient’s care. Simpler systems incorpo-
rating the principles of the American College of Surgeons’
Elective Surgery Acuity Scale may better incorporate clin-
ical considerations. Further validation of this approach is
required.
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Fig. 2 - Association between scoring systems and surgical delay of <30 d. (A) ROC curves of MeNTS score for surgical delay;
AUC = 0.5202. and (B) ROC curve of Physician assigned priority score (PAPS) for surgical delay; AUC = 0.7215.

Resource triage and prioritization are unfortunately not
new themes in medicine. Triage of care is an ongoing chal-
lenge in trauma surgery and battlefield medicine, and proto-
cols are established for massive casualties and conflict sit-
uations."1° Prioritization of elective care in the setting of
limited resources presents an ethical and moral challenge in
transplant surgery, where organ allocation requires a com-
plex point system and national network of providers to ensure
parity.?>: 2! During an unprecedented international health
emergency, these past experiences may inform preparedness
standards and decision making into domestic health sys-
tems. With ongoing uncertainty regarding future case num-
bers and recurrent pandemic “waves” it is of paramount im-
portance that the standardized systems can be developed
to ensure both safe and equitable healthcare for surgical
patients.

This study is limited by the small cohort size and short
duration of follow up. Although we examined multiple clin-
ical and demographic covariates, this study did not capture
non-clinical factors which may have influenced surgical tim-
ing. Notable among these was health care avoidance, as many
patients declined to reschedule surgery when elective surgery
initially resumed. Although we utilized the well-validated
modified Elixhauser comorbidity index to evaluate comorbid
patient disease, this study may also have failed to capture
nuances of comorbid medical conditions due to the inher-
ent limitations of using electronic health record coding data.
The Elixhauser comorbidity index was not specifically de-
signed for Endocrine Surgery patients which may also limit
this approach. Additionally, the study site is a large tertiary
care system with extensive clinical and information technol-
ogy resources, and therefore results may not be generaliz-
able. By leveraging the electronic medical record in this study,
we were able to prospectively capture all patients undergo-
ing endocrine surgery procedures, and automatically update
data electronically through the study period. Ultimately, the
goal of prioritizing care is to optimize patient outcomes, and
therefore future research is needed to determine outcomes in

the cohort of patients who experienced delays in care due to
COVID-19. Future studies of this cohort will track long-term
follow up data, including oncologic outcomes for subjects with
cancer diagnoses.

Conclusion

Scoring systems developed to prioritize elective surgery dur-
ing the COVID-19 public health crisis were implemented
without external validation. At our institution the MeNTS
scoring system did not predict COVID-related surgical de-
lay. As America’s health system prepares for subsequent vi-
ral “waves,” development of robust systems for prioritizing
surgical care is of paramount importance. We suggest that a
three-tiered system based on the principles of the American
College of Surgeons’ Elective Surgery Acuity Scale be utilized
to prioritize surgical care in the event of future health care
crises.
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