
Malignant tumors of the head and neck have a high propen-
sity to metastasize to regional lymph nodes (LNs) in the 

neck [1]. Since neck nodal metastasis is an important determi-
nant of tumor staging and prognosis, neck dissection (ND) spec-
imens should be handled, labeled, and analyzed in a meticulous 
manner. The pathologist handling the specimen must determine 
and report the maximum amount of information yielded from 
the ND specimen, such as the total number of LNs in each level 
and sublevels of the neck, the presence of positive LNs, and any 

evidence of extracapsular extension [2]. A consensus statement 
on the classification and terminology of neck dissections pub-
lished in 2008 [2] strongly recommended that the ND specimens 
be divided by the surgeon while in the operating room immedi-
ately after the specimens have been removed from the patient, 
and that they should be submitted in separate containers. One 
reason for this practice is to minimize the risk of incorrectly 
identifying the neck levels by the pathologist and the processing 
team. Another reason is that most NDs are selective, and speci-
mens typically lack anatomic landmarks that allow the patholo-
gists to orient them at the time of radical resections.

Despite great efforts and adherence to sound techniques, ND 
specimens may be tainted and reported erroneously. A mistake 
in any given ND report is commonly the result of multiple er-
rors, such as external influences and misjudgments [3]. This is 
reflected by Reason’s Swiss Cheese Model [4], which illustrates 
a trajectory of a potential accident when there are multiple de-
fects in safety barriers (cheese holes). 

The aim of this study was to quantify the rates of errors in 
reporting the location and number of pathologic LNs in ND 
specimens.

All sequential ND specimens obtained between 2010 and 2017 
from the Tel Aviv Medical Center were identified from the in-
stitutional database. Institutional review board approval was ob-
tained prior to conducting this study (TLV-0723-18). Included 
were all consecutive patients who underwent a therapeutic ND 
that included Level I among other levels of the neck for whom 
this was their first surgical intervention for various head and 
neck malignancies and who had not undergone any preoperative 
treatment. Patients were excluded for recurrent disease, missing 
data, Level I ND not having been performed, or super-selec-
tive ND specimens [Figure 1]. The dissection of the neck was 
performed en-bloc and the specimen was then divided into the 
various levels. Each level was inserted into a separate contain-
er labeled with the appropriate level number and submitted for 
pathological evaluation. 



All relevant clinical and radiological data were retrieved and 
recorded, including preoperative imaging studies. Those preop-
erative images were reviewed for radiologic N staging of the 
neck and the number and location of the pathological LNs. The 
pathology specimens were also reviewed for the various levels 
in the neck that were dissected, the overall number of dissected 
LNs, the total number of LNs in each neck level, the number 
of positive LNs, and the levels in which positive nodes were 
located. The specimens were also reviewed for the presence and 
location of the submandibular gland (SMG). 

All preoperative imaging studies and final pathological reports 
were then compared for involved levels of the neck, and a Co-
hen's kappa score was calculated for consistency. The average and 
maximum number of LNs dissected from each level of the neck 
were compared to a reference range [5] using the one-sample Wil-
coxon signed-rank test. That reference study provided cadaveric 

neck dissection quantifications: specifically, the median number 
of LNs and range was 2 (range 0–4) for Level I, 6 (range 0–9) 
for Level II, 4 (range 1–9) for Level III, 7 (range 0–24) for Level 
IV, and 1 (range 0–8) for Level V. Accordingly, we considered all 
cases with a disproportionate number of LNs in a specific level of 
the neck as a suspected error, which was defined as more than 24 
LNs in a single level and more than two-thirds of the entire nod-
al yield. According to that reference study, the highest possible 
concentration of LNs in a single level would occur when there 
were 24 LNs in Level IV and only 2, 6, and 4 LNs in Levels I, II, 

reports were scrutinized for errors in the location of the SMG that 
should obviously be reported in Level I. 

A total of 462 NDs were performed during the study period. We 
excluded 235, leaving 227 patients who were included in the study 
[Figure 1]. In our study, 128 patients underwent a level 1–3 ND, 
68 a level 1–4 ND, and 31 a level 1–5 ND. The most common 
imaging study that had been performed among the cohort was a 
positron-emission tomography/computed tomography (PET/CT) 
in 45.4% of the cases, followed by a neck ultrasound (28.6%), and 
a neck CT (27.3%). In addition, 22.9% of the patients underwent 
an magnetic resonance imaging (MRI), which included the neck. 
The best kappa correlation score between preoperative imaging 
notes and final pathology reports in terms of the involved neck 
level was 0.50 (
the neck showed even poorer results [Table 1].

A comparison of the LN yield in the current cohort to the 
reference range revealed a median LN yield per level of 4 for 
Level I ( < 0.000), 7 ( < 0.000) for Level II, 8( < 0.000) for 
Level III, 6 ( < 0.000) for Lev-
el V. A comparison of the peak range for each of the five levels 
showed that this range was exceeded in 45.0%, 3.5%, 48.8%, 
0%, and 42.3%, respectively, in the current cohort. There were 
nine cases (3.9%) of a disproportionate LN distribution among 
the specimens, of which five were in Level III and four in Level 
II. Last, 17 SMG specimens (7.5%) were reported to be present 
in a site other than Level I, while the location of the SMG was 
not reported at all in 19 cases (8.4%).



The results of this study show an alarming rate of errors in the 
final report of ND specimens submitted for pathologic evalua-
tion. Application of the Swiss-cheese model revealed numerous 
holes or mistakes that could have led to these results. Hypothet-
ically, every potential error has the likelihood to skew the results 
in any given report. These traps are present in many steps and 
have the potential to influence the final result. The most com-
monly encountered errors are usually the result of orientation 
of the submitted specimen, inaccurate labeling of the specimen, 
and unreliable separation of the en-bloc specimen by the sur-
gical team or the pathologist. Since it is impossible to pinpoint 
the exact error or errors that had occurred each and every time, 
we focused on the end result to define the magnitude of this 
phenomenon in our institution and employed various methods 
to determine the error rate. 

The first step was to compare the results of the preoperative 
imaging studies to the pathology results. To produce uniformity, 
we omitted all cases that had more than one pathological LN, 
but we could not perform any meaningful analysis since there 
were too few of those cases. All pN0 cases had initially been ex-
cluded since their inclusion would have created a selection bias, 
given that the pathology result would usually be comparable to 
the preoperative imaging results. However, any ND specimen 
with more than one pathological LN may produce many differ-
ent combinations of mistakes that would have falsely increased 
the error rate. It is important to note that one of the inherent 
biases in comparing preoperative imaging findings to final pa-
thology results is the lack of sensitivity of imaging studies for 
small tumor deposits [6]. In a recently published meta-analysis, 
the pooled estimates ranged from 52% to 66% for sensitivity 
and from 78% to 93% for specificity for CT, MRI, PET, and 
neck ultrasound [7]. We therefore conclude that comparing pre-
operative images to the final pathological results is not a reliable 
method for assessing the accuracy of the pathological reports. 

The next phase of the study was to search for a more accurate 
index to define the rate of ND errors. This resulted in a dispro-
portionate index in nine cases (3.9%). As previously reported, 
the average number of LNs found in selective NDs averaged 
from 15 to 24 LNs in an entire specimen [5,8,9]. Cadaveric dis-
sections reportedly found that the median number of LNs de-
tected in a single level ranged from 1–7 for all neck levels [5]. 
In addition, the maximum number of nodes for a single level 
(Level IV) was 24. The median total nodal yield was 24 with a 
maximal yield of 44. Since the number of LNs should be evenly 
distributed according to their anatomic location, the maximum 
number of LNs cannot be detected in a single level and only one 
or two LNs can be found in the other levels. For example, find-
ing 22 LNs in Level II when there are 24 LNs altogether does 
not make any sense and can only be the result of an inaccurate 

division of the specimen by the surgical team in the operating 
room or by the pathology team in the lab. Although the numbers 
of LNs that we used for comparison were all taken from rela-
tively small cadaveric studies and may underestimate the actual 
number of LNs in any given dissection, this may serve as a good 
enough estimation for LN distribution. 

The final method was to rely on an absolute anatomical land-
mark. There are several landmarks in ND specimens, such as 
the SMG, the omohyoid muscle, and major vessels and nerves 
that can be encountered in an ND specimen. These landmarks 
were omitted since most NDs do not include resection of major 
vessels and nerves but rather are selective [10]. In contrast, any 
therapeutic ND that includes Level I will necessarily include the 
SMG, and since the SMG serves as a distinct anatomical land-
mark, any mistake will necessarily produce an error in the ND 
report. There can be a number of scenarios that may have led to 
an erroneous report, such as the gland having not been dissected 
or was assigned to the wrong level. Whatever the source of the 
mistake, any misplacement of the SMG can be regarded as an 
absolute mistake in the final report. We considered this type of 
mistake as being the most reliable index and calculated an error 
rate of at least 7.5% for our ND specimens. 

There are a few methods that can assist in lowering these 
unacceptable error rates. The first step is for the surgeon to 
separate the specimens in the operating room immediately af-
ter they are removed from the patient and to submit them in 
separate containers rather than leaving the entire specimen in-
tact [2]. One handy technique is to mark the borders between 
the various levels with either clips or sutures and then separate 
the specimens accordingly. Another technique is to separate the 
specimens in vivo according to known anatomical landmarks 
just before removing them. There are a number of institutions 
that employ pre-formed ND boards in the shape of a right or a 
left neck and in which the various levels are matched and placed 
on the board after removal and before being submitted to the pa-
thologist. Another speculation (based on real-time observations) 
is that the inexperienced residents were more likely to incorrect-
ly divide the specimen after its removal. This usually becomes 
obvious after a substantial period of time has elapsed between 
the removal of the ND specimen and its actual division. Unfor-
tunately, since the orienting surgeon and time of orientation are 
not consistently reported, we could not confirm this weakness 
statistically. The pathology team should orient the specimen 
by using reliable anatomical landmarks, if present, such as the 
mandible, parotid gland, submandibular gland, major vessels, 
nerves, and muscles (e.g., SCM, omohyoid, and digastric). The 
report should adhere judiciously to good practice guidelines for 
ND reports [11,12]. 

The retrospective nature of data acquisition is an obvious lim-
itation in this study. Since multiple mistakes may happen and 



overlap within one report, the exact error rate could not be cal-
culated. Another limitation is the inherent bias imposed by the 
inaccurate nature of the dissection, submission, and consequent 
reporting of findings. However, the location of the SMG is ab-
solute, and we therefore believe that the minimal mistake rate 
calculated would appear to be reliable. 

We found a relatively high rate of reporting errors in pathology 
specimens of NDs at our institution. These errors were caused 
by multiple blunders in NDs as well as in reporting methods. 
More meticulous and exacting techniques can decrease the 
numbers of these erroneous results. 

The data that support the findings of this study are available 
from the corresponding author. 

Throughout the course of the COVID-19 pandemic, variants 
of the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) virus have increased infectivity or reduced 
its susceptibility to existing antibodies. Nabel et al. 
focused on mutations in the spike protein, which is found 
on the viral surface and is responsible for binding and 
entering host cells, and showed that the structure exhibits 
plasticity in resisting neutralizing antibodies. Working 
with pseudoviruses, the authors identified combinatorial 

mutations that might lead to resistance. They identified 
an antibody that neutralizes a pseudotype with a highly 
mutated spike, but also show that SARS-CoV-2 can acquire 
a glycan to escape this neutralization. Understanding the 
consequences of changes in the antigenic landscape of the 
spike protein is important if we are to rapidly respond to 
new variants of concern.

SLAM family receptors (SFRs) are widely expressed on 
hematopoietic cells and have been implicated in various innate 
immune functions. Li et al. used various cell lines and mice 
with gene deletions to show that SFR deficiency, specifically 
SLAMF3 and SLAMF4, increases the ability of macrophages 
to phagocytose hematopoietic cells. Mice with SFR deletion 
exhibited hematopoietic tumor rejection, and SFR deletion 

was able to enhance the efficacy of chimeric antigen receptor 
macrophage therapy against hematopoietic cancer. These 
data show that SFR expression on hematopoietic cells can 
inhibit the function of macrophages, pointing to a potential 
therapeutic target for hematopoietic cancers.


