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K e Y   P O i n t S

•  There was a statistically significant 
reduction in surgical pathology 
volume in March to June 2020 
of the coronavirus disease 2019 
(COVID-19) pandemic, relative 
to March to June 2019 (52.1% 
reduction; P = .04).

•  The change in amendments as a 
function of total specimen volume 
during the study periods was not 
significant.

•  Our findings do not support the 
conclusion that a reduction in 
workload would improve error 
rates. The unique nature of the 
COVID-19 pandemic, however, 
may limit the generalizability of our 
results.
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a B S t r a c t

Objectives: Surgical pathology volume decreased during the peak of the coronavirus 
disease 2019 (COVID-19) pandemic. We looked at the 4 months with the greatest reduction 
in surgical pathology volume during the COVID-19 pandemic and compared them with 
those same months in 2019 to determine changes in specimen volume. We compared the 
amendment rates during those periods and types of amendments issued (identification 
[ID], report defect [RD], diagnostic information [DI]).

Methods: All pathology reports between March to June 2019 and March to June 2020 
were extracted from the pathology information system. All amendments issued were 
extracted over the same period and then subclassified by two pathologists.

Results: There was a 52.1% reduction in surgical pathology volume between the 4-month 
periods in 2019 and 2020 (P = .04). The amendment rate was 0.9% in 2019 compared with 
1.4% in 2020, representing a 65.5% increase in amendments overall. There was a 53.3% 
reduction in amendments issued for ID, a 3.8% reduction in RD, and a 23.2% increase in 
amendments issued for DI. The change in amendments was not statistically significant.

Conclusions: These findings suggest that a reduction in workload would not improve 
error rates. The circumstances of the pandemic highlight the many factors contributing to 
error rates in surgical pathology.

i n t r O D U c t i O n

In mid-March 2020, a state of emergency was issued for the city of Boston in response to the 
coronavirus disease 2019 (COVID-19) pandemic; shortly after, all elective surgeries and pro-
cedures were halted, causing an immediate and dramatic reduction in the volume of surgical 
pathology specimens.1 This rapid reduction offers the unique opportunity to examine the 
effect of volume on error rates in surgical pathology. After a report is finalized, any additional 
modifications to the report are issued as addenda or amendments. Addenda are typically used 
for the reporting of supporting ancillary studies, such as additional immunohistochemistry, 
while amendments are used to correct errors or report additional information that modifies 
the original diagnosis.2-4 Amendments are often used as a surrogate for measuring error rates 
in surgical pathology, since they are issued to correct or revise an existing report.5-7 In this 
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study, we compared the volume and types of specimens received 
during the months of March, April, May, and June for the years 2019 
and 2020 and looked at the rate that amendments were issued dur-
ing these months to evaluate the association between surgical pa-
thology volume and error rates.

m at e r i a l S  a n D   m e t h O D S

A retrospective chart review was performed on all surgical pathol-
ogy cases signed out at our institution in Boston during a 4-month 
period (March to June) in 2019 and 2020. Both internal surgical 
pathology cases and outside surgical pathology consults were in-
cluded in the search. A  complete list of all amendments issued 
during those same periods of time was also generated. Data were 
extracted from the electronic pathology information system.

All amendments issued during these periods were reviewed 
by two pathologists (C.H. and V.B.)  and classified in one of three 
categories: “identification,” “report defect,” or “diagnostic infor-
mation.” An “identification” amendment consisted of an error in 
patient or specimen identification, including patient name, date 
of birth, medical record number, tissue site, and laterality. A  “re-
port defect” consisted of missing or erroneous information such as 
typographical errors, dates of procedures, and ordering providers’ 
names. Amendments issued for “diagnostic information” included 
any changes to the diagnosis, gross description, or synoptic report, 
including additional immunohistochemical stains and molecular 
test results that modified the diagnosis.2

Summary measures were estimated for all categorical vari-
ables, including frequencies and percentages. All comparisons were 
performed using a paired t-test for all groups that did not depart 
from normality, and a Wilcoxon rank-sum paired test was used 
otherwise. A  P value of less than .05 was considered statistically 
significant.

This study was approved by Partners Healthcare Institutional 
Review Board (IRB protocol 2021P002005).

r e S U lt S

There were 31,156 surgical specimens signed out during the 4-month 
period in 2019, compared with 14,929 surgical specimens signed out 

during that same 4-month period in 2020, representing a 52.1% re-
duction in volume between the 2019 and 2020 four-month period 
(P = .04). The reductions in specimen volume for March, April, May, 
and June of the 2 years were 31.9%, 81.7%, 67.4%, and 22.6%, respec-
tively. During the 4-month period in 2019, 266 amendments were 
issued, representing an amendment rate of 0.9%, compared with 
211 amendments in 2020 (a 1.4% amendment rate). The amendment 
rate showed a 65.5% increase overall between 2019 and 2020, with 
the highest increase seen in March (111.5% increase from 2019 to 
2020)  TABLE 1 ,  FIGURE 1 .

The composition of the amendments issued during these two 
periods was as follows. In 2019, 10.2% of amendments were iden-
tification, 57.1% were report defects, and 32.7% were diagnostic in-
formation. In 2020, 4.7% of amendments were identification, 55.0% 
were report defects, and 40.3% were diagnostic information. There 
was a 53.3% reduction in identification amendments (P = .14), a 
3.8% reduction in report defects (P = .27), and a 23.2% increase in 
diagnostic information amendments (P = .96)  TABLE 2 . The change 
in total amendments issued during these two periods was not sta-
tistically significant (P = .46).

The relative proportion of specimen types signed out during these 
two periods showed some variation. In 2019, outside consults com-
prised 11.5% of the total volume of specimens signed out between 
March and June 2019 vs 15.5% of the total volume of specimens signed 
out during that period in 2020. The representation of the various sur-
gical pathology subspecialities in 2019 and 2020 remained largely 
the same, with most variations less than 5%. The only subspecialties 
to demonstrate a change in relative volume greater than 5% were 
dermatopathology (12.2% decrease in April, 5.6% decrease in May), 
gastrointestinal pathology (15.7% decrease in April, 9.2% decrease in 
May), obstetric pathology (10.9% increase in April, 6.2% increase in 
May), and outside consults (19.8% increase in April). Only gastroin-
testinal pathology, however, showed a change in volume greater than 
5% when averaged over the 4-month period (5.5% decrease)  TABLE 3 .

To examine what variations were experienced within each 
subspeciality, we looked at the average number of slides (initial 
H&Es as well as any subsequent H&E levels, special stains, or 
immunohistochemical stains) examined per specimen  TABLE 4 . 
Relative to 2019, the number of slides per specimen overall increased 
in 2020 (P = .002). The maximum increase in a specialty’s average 
slides examined per specimen was 4.

TABLE 1 Surgical Specimen Volume for Studied Months in 2019 and 2020 and Year-Over-Year (YoY) Change in Specimen Volume Between 2019 and 
2020a

 Speciman Volume

YoY % Change 

Amendments

YoY % Change 

Amendments/ 
Volume, %

YoY % Change Month 2019 2020 2019 2020 2019 2020 

March 7,273 4,951 –31.9 66 95 43.9 0.9 1.9 111.4

April 8,117 1,489 –81.7 62 20 –67.7 0.8 1.3 75.8

May 8,290 2,705 –67.4 61 26 –57.4 0.7 1.0 30.6

June 7,476 5,784 –22.6 77 70 –9.1 1.0 1.2 17.5

Total 31,156 14,929 –52.1 266 211 –20.7 0.009 0.014 65.5

aAmendments issued during studied months in 2019 and 2020, represented as both number of amendments and as percentage of amended cases per volume with respective YoY.
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A comparison of the proportion of Current Procedural Termi-
nology (CPT) codes used during these periods revealed an increased 
percentage of higher-level CPT codes (88307-L5 and 88309-L6) in 
2020 relative to 2019 and a decreased percentage of lower-level CPT 
codes (88304-L3 and 88305-L4) in 2020 relative to 2019  TABLE 5 . 
This finding was not statistically significant (P > .99).

The decrease in overall specimen volume between 2019 and 
2020 was statistically significant (P = .04). The change in total 
amendments as a function of total specimen volume was not statis-
tically significant (P = .08).

D i S c U S S i O n

This study sought to determine if error rates, as measured by 
amendment rates, are correlated with surgical case volume. As has 

been previously noted, surgical case volume is a problematic meas-
ure of overall pathologist workload; nevertheless, many patho-
logists do feel that caseload is a useful estimation of workload.8 
Similarly, while the amendment rate is not an exact measure of 
overall error rate,6-9 some have argued that amendments are a good 
approximation of the true error rate.10

Studies examining the relationship between workload and 
errors have been conducted in other areas of medicine, such as 
hospital-based nursing and resident coverage of intensive care 
units, but to date there are few published studies of the associa-
tion between workload and error rate in surgical pathology.8,11,12 
Moreover, although a connection between the workload in surgi-
cal pathology and error frequency intuitively seems linked,8 one 
of the few studies on the topic within the field of surgical pathol-
ogy showed no correlation between workload and amendment 

FIGURE 1 Number of amendments and case volume each month (y-axis, left). Rate of amendments each month (y-axis, right).

TABLE 2 Amendments Issued During 4-Month Periods in 2019 and 2020, Divided Into the Categories of Identification, Report Defect, and Diagnostic 
Information, Represented as Both Number of Amendments and Percentage of Total Amendments Issueda

 Identification, No. (%)b

YoY % Change c 

Report Defect, No. (%)b

YoY % Change c 

Diagnostic Information, 
No. (%)b

YoY %  
Change c Month 2019 2020   2019   2020   2019   2020   

March 4 (6.1) 4 (4.2) –30.5 46 (69.7) 50 (52.6) –24.5 16 (24.2) 41 (43.2) 78.0

April 4 (6.5) 0 (0.0) –100.0 37 (59.7) 11 (55.0) –7.8 21 (33.9) 9 (45.0) 32.9

May 11 (18.0) 1 (3.8) –78.7 29 (47.5) 16 (61.5) 29.4 21 (34.4) 9 (34.6) 0.5

June 8 (10.4) 5 (7.1) –31.3 40 (51.9) 39 (55.7) 7.3 29 (37.7) 26 (37.1) –1.4

Total 27 (0.102) 10 (0.047) –53.3 152 (0.571) 116 (0.550) –3.8 87 (0.327) 85 (0.403) 23.2

aYear-over-year (YoY) for amendments issued for three subcategories of amendments, as a function of their percentage of total amendments.
bPercentage of identification, report defect, or diagnostic information to amendments.
cPercentage change of the fraction of identification, report defect, or diagnostic information to amendments.
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rate.8,10,13 That study, however, had relatively minor variations in 
case volume. By conducting our study during the first peak of the 
COVID-19 pandemic, we had the unprecedented opportunity to 
examine the impact of a dramatic reduction in case volume (52.1% 
decrease) on error rate (as measured by amendment rate).

In our study, we identified a relatively large but not statistically 
significant increase in amendment rates in response to a statisti-
cally significant decrease in case volume. We found that despite 
the 52.1% reduction in surgical volume, the rate of amendments 
increased from 0.9% to 1.4%. The composition of amendments is-
sued also changed, with a 53.3% reduction in amendments issued 
for identification errors, a 3.8% reduction in report defects, and a 
23.2% increase in amendments issued for diagnostic information. 
Although these changes in the rate and type of amendments seem 
relatively large, they were not statistically significant, caution-
ing against overinterpreting short-term or individual variation in 
amendment rates as measures of error in pathology.

The possibility of a bimodal relationship between volume and 
error has been proposed, with the argument being that at high 
workloads pathologists make more errors due to the pressure to 
move quickly through cases, while at low workloads pathologists’ 
experience may be too limited to accurately evaluate all types of 
tissue.13 Given the temporary dip in volume at our otherwise high-
volume institution, the increased rate of amendments during this 
period did not reflect a lack of attending pathologist experience; 
rather, we attribute the increased rate of amendments to several fac-
tors unique to our hospital’s experience during the COVID-19 peak.

First, during the peak of the first COVID-19 wave, our institution 
instructed all nonessential personnel to work from home, including 
our department’s transcription staff. As a result, in 2020, the reports 
were largely, perhaps even exclusively, typed by the staff pathologist 

directly into the electronic pathology system and then signed out. In 
2019, many of the reports were handwritten by the staff pathologist, 
typed by transcription staff, and then reviewed electronically by the 
pathologist prior to sign-out. This marked change in process and 
some attendings’ unfamiliarity or discomfort with direct electronic 
entry of diagnoses may have contributed to the relatively small re-
duction in report defects (3.8%) during this time, as opposed to a 
more robust improvement in the rate of report defects issued for 
things such as typographical errors.

The amendment rate for identification errors decreased by 
53.3% during the study period. Identification errors can be intro-
duced at the time of specimen collection or at the time of acces-
sioning. Unlike the change in workflow for diagnosis entry detailed 
above, our department’s workflow for specimen accessioning did 
not change during the COVID-19 pandemic.

Diagnostic information amendments increased by 23.2%. This 
increase in diagnostic information amendments may also be partly 
attributable to two additional factors specific to the COVID-19 
pandemic. First, our department has a strong practice of showing 
cases, both formally and informally, for additional perspectives 
and consultations. During the peak of the COVID-19 pandemic, 
only attendings explicitly on service were permitted into the hos-
pital, substantially decreasing the number of attendings available 
for consultation. Second, the COVID-19 pandemic was an unprec-
edented time, rife with stresses both within and outside of the 
medical field.14,15Although not documented within the field of 
surgical pathology, high levels of emotional stress (different from 
workload) have been associated with increased medical errors.16,17 
Our attendings, however, were not directly surveyed on their stress 
levels during either of the studied periods.

There were changes to pathology staff during the studied 
periods. In comparing the 2019 study period to 2018, there were six 
pathologists who were in their first year of signing out at our insti-
tution (two pathologists had several years of prior sign-out experi-
ence at other institutions and four pathologists were in their first 
year of signing out). Similarly, in comparing the 2020 study period 
to 2019, there were six pathologists who were in their first year of 
signing out at our institution (one pathologist had several years of 
prior sign-out experience at another institution and five patholo-
gists were in their first year of signing out). All attendings had been 

TABLE 5 Comparison of the Proportion of Current Procedural 
Terminology (CPT) Codes Used Out of the Total Number of Specimens 
Examined During the Study Periods in 2019 and in 2020

 % of Total Specimens

CPT Code 2019 2020 

88300-L1 0.0 0.1

88302-L2 0.4 0.2

88304-L3 3.2 2.8

88305-L4 53.4 43.4

88307-L5 29.0 32.9

88309-L6 14.0 20.6

TABLE 4 Average Number of Slides (Initial H&E, Subsequent H&E 
Levels, Special Stains, or Immunohistochemical Stains) Examined per 
Specimen in All Subspecialties During the Study Periods in 2019 and in 
2020

 Average No. Slides/Specimen

Subspecialty 2019 2020 

Breast 19 22

Bone and soft tissue 5 7

Cardiovascular 6 7

Dermatopathology 8 8

Eye 4 7

Gastrointestinal 5 7

Genitourinary 11 13

Gynecologic 9 11

Head and neck 7 11

Hematopathology 36 40

Neuropathology 8 11

Obstetric 6 6

Pulmonary 13 16

Renal 17 21
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signing out at our institution for more than 6  months before the 
start of the study periods.

During the March to June 2020 period, the service schedule 
was adjusted continuously as the circumstances dictated. The 
variability in coverage is difficult to accurately reconstruct in ret-
rospect. Some pathologists covered multiple services simultane-
ously, for either a day or a week at a time. However, pathologists 
at our institution often covered two services simultaneously 
prior to the COVID-19 pandemic as well, including during our 
2019 study period. The implications of this cross-coverage on 
the overall sign-out experience in 2020 vs 2019 are challenging 
to determine.

With the halting of elective procedures, there was an increased 
proportion of specimens from urgent and emergent procedures. 
These kinds of surgeries tend to yield more complex specimens. 
Common measurements of case complexity include number of 
slides examined per specimen and CPT codes used.18,19 There was a 
significant increase in case complexity, as reflected in the increased 
number of slides examined (P = .002), but not in the CPT codes used 
(P > .99).

Our findings do not support the conclusion that a reduction in 
workload would improve error rates, similar to a prior published 
study on workload and error rate.10 Nevertheless, several factors 
limit the generalizability of our results. By situating our study 
during the first peak of the COVID-19 pandemic, we examined a 
period of unprecedent emotional stress coupled with a reduction 
in available resources for attending pathologists (lack of transcrip-
tion staff and reduced availability of expert pathologists for con-
sultation). Perhaps our most suggestive finding is the reduction 
of amendment rates for identification errors in a near one-to-one 
relationship with surgical specimen volume reduction, indicating 
that there may be a more straightforward association between 
volume and identification error rate. This finding was not sta-
tistically significant, but this was a single-center study, and the 
number of amendments issued during our study period may be 
too small to detect a statistical difference.

This study provides novel and important information in the 
limited field of pathology workload and error frequency. It high-
lights that the complex factors influencing error rates in pathol-
ogy and the need for caution in using amendment rates as an 
indication of quality or competence. Most important, the changes 
in amendment rates associated with the unprecedented circum-
stances of the COVID-19 pandemic highlight the need to support 
quality and safety in surgical pathology, particularly under dis-
ruptive circumstances.
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