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Disease focused registries, specifically cancer registries, are 
systemic collections of data that allow patient management 

as well as monitoring of complications, outcomes, and trends. 
Such databases facilitate clinical research, especially in rare 
disorders where clinical trials are difficult to conduct. Over the 
last 2 decades, documentation of patient related data in hospitals 
has shifted from paper charts into electronic medical records 
(EMRs), which have proven to be an efficient way of document-

ing patient follow-up, operative notes, and treatments [1,2]. 
Although reporting and documenting clinically related data in 
EMRs for an individual patient encounter is a simple task, it 
becomes an extraneous assignment when performed retrospec-
tively over multitudes of subjects. The amount of data per pa-
tient recorded onto the EMR versus the amount of data utilized 
for research is disproportionate. This is due to the fact that most 
of the data recorded onto the EMR is in the form of identifi-
ers, dates, and free-text, which are missed by reports that are 
structured to identify codified variables in the EMR [3]. Hence, 
easily accessible and relevant information of an individual pa-
tient may be overlooked when comparing multitudes of patients. 
Although health information technology has the potential to im-
prove patient safety and treatment efficacy as well as reduce 
costs and aid research, the medical community is lagging behind 
in implementing its attributes into a fully integrated health sys-
tem in primary and oncologic care [4]. 

As with any registry, national or institutional colorectal reg-
istries were designed to assist in quality assurance, clinical re-
search and follow-up of patients undergoing colorectal cancer 
surgery. These registries allow an epidemiological analysis of 
all patients who were treated, with regard to cancer type/loca-
tion, type of surgery, outcomes, staging, and survival [5,6].

Currently, registries that collect vast amount of data on infinite 
number of patients are prone to multiple flaws. Due to the lack of 
national and international standardizations the shortcomings on 
databases are numerous: documentation of specific oncological 
relevant parameters is not obligatory, data extraction is performed 
manually from free text of patient's notes and discharge summa-
ries and entry may be non-uniform, data entry is retrospective in 
nature and could be entered after long periods of time, countless 
registries are generalized cancer registries without a colorectal 
cancer/surgical distinction, health maintenance organizations 
(HMOs) are not compelled to report long-term data, and no quali-
ty assurance in the process of data entry is required [5].

Hence, constructing a clinical database usually requires an 
enormous work and manpower for reviewing medical charts 
and extracting relevant data into an organized spreadsheet that 
will eventually be used for clinical research. 
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ABSTRACT  Background: Medical registries have been shown to be an 

effective way to improve patient care and reduce costs. Con-

structing such registries entails extraneous effort of either re-

viewing medical charts or creating tailored case report forms 

(CRF). While documentation has shifted from handwritten 

notes into electronic medical records (EMRs), the majority of 

information is logged as free text, which is difficult to extract.

  Objectives: To construct a tool within the EMR to document 

patient-related data as codified variables to automatically 

create a prospective database for all patients undergoing 

colorectal surgery. 

  Methods: The hospital's EMR was re-designed to include cod-

ified variables within the operative report and patient notes 

that documented pre-operative history, operative details, post-

operative complications, and pathology reports. The EMR was 

programmed to capture all existing data of interest with man-

ual completion of un-coded variables.

  Results: During a 6-month pilot study, 130 patients underwent 

colorectal surgery. Of these, 104 (80%) were logged into the reg-

istry on the same day of surgery. The median time to log the rest 

of the 26 cases was 1 day. Forty-two patients had a postoperative 

complication. The most common cause for severe complications 

was an anastomotic leak with a cumulative rate of 12.3%.

  Conclusions: Re-designing the EMR to enable prospective 

documentation of surgical related data is a valid method to 

create an on-going, real-time database that is recorded instan-

taneously with minimal additional effort and minimal cost.
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Our aim was to compose a tool within the EMR that will 
automatically create a real-time prospective and comprehensive 
institutional database of all colorectal surgery patients.

We describe our innovative database, the technical aspects 
of its construction, the parameters within it, and results so far. 

PATIENTS AND METHODS

The study protocol was approved by the independent ethics com-
mittee (IEC, Helsinki Committee). Starting January 2018, the 
Sheba Medical Center's EMR (ChameleonTM, Eldad Health 
Systems) was redesigned with an embedded surveillance system 
and codified variables that allowed data entry by the primary care 
team of the colorectal surgery (CRS) service. All data were eas-
ily and immediately recorded in a real-time fashion into preset 
check-boxes without any free-text. Pre-operative and operative 
data were recorded either automatically within a section of the 

operative report or by one of the surgeons immediately after sur-
gery [Table 1, Table 2, Table 3]. The 30-day postoperative mor-
bidity and mortality was recorded according to the Clavien-Dindo 
classification (CD) [7,8] in a designated section next to the daily 
patient note, the discharge summary note and post-op outpatient 
clinic note. The morbidities recorded in this section were classi-
fied according to the relevant affected organ system (e.g., cardio-
vascular, pulmonary, GI) and then further classified by the occur-
rence of a specific complication (e.g., anastomotic leak, surgical 
site infection, pulmonary embolism) in addition to its CD grade. 
A CD grade higher than 2 was considered a severe postopera-
tive complication. The pathology results (TNM stage, number of 
lymph nodes excised, number of lymph nodes involved, R0/R1/
R2 resection) were recorded during a multi-disciplinary tumor 
board according to the UICC-AJCC staging system [9].

Data extraction was conducted by a pre-defined query for 
tumor board and morbidity and mortality conference. Research 

Indication for surgery

Neoplasm, non-cancer

Neoplasm, cancer

Recurrent cancer

Diverticular disease

Inflammatory bowel disease

Pelvic floor

Other

Primary disease location

Cecum, ascending colon

Hepatic flexure

Transverse colon

Splenic flexure

Descending colon

Sigmoid colon

Recto-sigmoid

Rectum (up to 12 cm)

Anal

Entire colon

More than one segment

Small bowel

Co-morbidities

Hypertension

Type 2 diabetes mellitus

Cardiovascular

Pulmonary

Renal

Previous malignancy (5 years)

Previous abdominal surgery

Medications

Anti-platelet therapy

Anti-coagulation therapy

Systemic steroids

6-mercapto-purine, Methotrexate, 
Azathioprine

Biological anti-inflammatory

Bevacizumab

Total parenteral nutrition

Neo-adjuvant therapy
Radiation

Chemotherapy

Family history

CRC in first degree relative

CRC in second degree relative

HNPCC related neoplasm in first degree

HNPCC related neoplasm in second 
degree

Preoperative lab values

Hemoglobin

Albumin

CEA

CA 19-9

Pre-operative codified variables within the real-time colorectal surgery registry 
CA 19-9 = carbohydrate antigen 19-9, CEA = carcinoembryonic antigen, CRC =colorectal cancer, HNPCC = hereditary non-polyposis colon cancer

Table 1. Preoperative assessment
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data may be extracted on demand following IEC approval by a 
simple query of the EMR. 

To assess the validity of the data extracted, we reviewed all 
cases performed by the CRS service between January 2018 and 
June 2018. All cases were extracted from the hospital EMR 
as well as the billing system. We included only patients who 
underwent colon or rectal resections. Patients with same day 
surgery or proctologic procedures were excluded. Patients with 
additional organ resection such as concomitant liver resections 
were excluded. This cohort of patients extracted by searching 
the hospital IT system was compared to the patients captured by 
the newly constructed CRS registry.

Surgical approach

Open

Laparoscopic

Robotic

Conversion (y/n)

Primary/revision

Incision type

Midline

Horizontal

Natural orifice

Ostomy

Incision location

Peri-umbilical

Upper abdomen

Lower abdomen

Pfannenstiel

Midline laparotomy

Para-median

Incision length

3–4 cm

5–6 cm

7–9 cm

Laparotomy of more than 9 cm

Procedure

Ileocolic resection

Right hemicolectomy

Extended right hemicolectomy

Transverse colectomy

Left colectomy

Sigmoidectomy

Anterior resection (7–12 cm)

Low anterior resection (1–6 cm)

Total meso-rectal excision with colo-anal 
anastomosis

Proctectomy (non-TME)

Sub-total colectomy

Procedure

Total abdominal colectomy with ileo-rectal 
anastomosis

Total proctocolectmy

Abdominal-perineal resection

Hartmann's procedure

Protective ileostomy (as primary procedure)

Colostomy (as primary procedure)

Closure of ileostomy

Closure of colostomy

Reversal of Hartmann's procedure

Trans-anal minimally invasive surgery 

Trans-anal total meso-rectal excision

Altemeir

Rectopexy

Sacral nerve stimulation

Small bowel resection

Concomitant 
procedure

None

Hepato-biliary

Urologic

Gynecologic

HIPEC

Thoracic

Minor procedure

Proximal diversion? Yes/No

Was a drain placed? Yes/No

Estimated blood loss Amount, in ml

Number of packed 
cells used

Surgery duration Minutes

ASA score 0–5

Table 2. Intra-operative codified variables within the real-time colorectal surgery registry 

RESULTS

During the study period, 130 major colorectal surgery proce-
dures were performed by the CRS. A comparison between the 
captured cases by our real-time surveillance system and the cas-
es reviewed from the EMR showed a compliance rate of 80% 
(104 cases), which were logged into the surgical database at the 
same day of the operation. The median time to log the remaining 
26 cases was 1 day (range 0–283). 

During the study period, there were 26 cases with a severe 
postoperative complication (CD > 2) that were logged during 
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the postoperative period using our real-time surveillance sys-
tem and during our EMR review, which correlates with 100% 
compliance regarding logging of severe postoperative compli-
cations. Our surveillance system was able to capture 22 of the 
37 postoperative minor complications (CD < 2) (compliance 
rate of 59%) with the majority of complications missed being 
postoperative ileus and surgical site infections (SSI) [Table 4]. 

The most common cause for a severe complication was an 
anastomotic leak with a cumulative rate of 12.3%. All cases of 
anastomotic leaks were identified by our surveillance system. 

The mean age of the cohort was 60.7 years (range 18–94), 
62.3% of the patients were male, 65.5% had an ASA score of 
3, 80% of cases were elective and the most common pathol-
ogy location was within the cecum/ascending colon (23%). 
Forty-four (38%) cases were performed laparoscopically and 
6 (4.6%) were performed robotically. Ninety-eight cases had 
an anastomosis performed with the distribution: 47 Ileocolic 
(36.1%), 36 colorectal (27.7%), 7 small bowel to small bow-
el (5.3%), 5 colo-anal (3.8%) and 3 colo-colonic (2.3%). The 
average duration of surgery was 200 minutes (range 50–660) 
and the median length of stay was 9 days (range 2–68). The 
most common pathology was primary colorectal cancer (68 
cases, 51.9%) followed by inflammatory bowel disease (22 
cases, 16.79%).

Of the 68 cancer cases performed, the pathology results 
(TNM stage, number of lymph nodes excised, number of lymph 
nodes involved, R0/R1/R2 resection) of 48 patients were cap-
tured by our surveillance system (70%).

DISCUSSION

Surgery-related registries are databases with a uniform documen-
tation method of clinical data that allow quality measurement and 
risk remodeling, with the intention to optimize surgery-related 
outcomes, prognosis and research [10]. When designing a new 
registry, the gathered data must be accurate and reliable, as well as 
reported in a uniform fashion so that the data are logged promptly 
onto the database [11]. Although widespread use of EMRs has 
taken over healthcare facilities, vast amounts of data that are be-
ing recorded onto these systems are overlooked. Minor portions 
of clinically related data are codified into specific designated 
fields. Most of the data are documented as un-codified variables 
and free-text, which are non-uniform and are difficult to extract 
when reviewing large number of patients [3].

Ingeholm et al. [6] showed the positive impact of the Danish 
Colorectal Cancer Group (DCCG) database by monitoring clin-
ical quality indicators such as post-operative mortality, anasto-
motic leak rates, and lymph node yield. The group’s punctuality 
of documentation via the DCCG database produced more than 
70 scientific publications [12]. 

We designed a CRC database embedded in the EMR to 
capture accurate data and as a result, improve outcome. An im-
portant feature of our system is that it compels the surgeon to 
document the pre-operative and intra-operative data in a codi-
fied variable fashion, at the time of the operative note dictation 
in real-time. Zanetti and colleagues [11] reviewed the registry 
timeliness (the time interval between patient enrollment to da-
ta entry completion) of 116 general and specialized registries 
across Europe, and have shown a median timeliness of registry 
completion of 18 months with wide variations. In our EMR-
based registry reporting tool, the pre-, intra- and post-operative 
details are reported in a real-time manner, which resolves the 
timeliness issue, with all data being entered by the primary care 
team. Our results show a compliance of 80% in logging the cas-
es into the registry on the same day of the operation, with the 
remaining 20% logged at a median of 1 day. 

Postoperative complications were logged into the EMR for 
all patients in a real-time manner as coded variables linked to 
the relevant databases. During tumor board (staging conference) 
additional pathologic characteristics of the tumor are logged 
in designated fields, namely the TNM staging, the number of 
lymph nodes excised, the number of lymph nodes involved and 
the margins of resection (R0/R1/R2 resection). For each case, 
complete dataset includes operative details, post-operative 
events and pathologic stage as well as adjuvant treatment if de-
livered are all entered in a real-time manner.

Table 3. Anastomoses classification

For each anastomosis

Number of anastomosis Number

Configuration

Ileo-colonic

Ileo-rectal

Ileo-anal

Colo-colonic

Colo-rectal

Colo-anal

Location of anastomosis
Intra-peritoneal

Extra-peritoneal

Orientation of anastomosis

Side-to-side anti-peristaltic

Side-to-side iso-peristaltic

End to side

End to end

Side to end

J-pouch

Anastomosis technique

Staple (GIA)

Staple (GIA +TA)

Handsewn

Circular stapler

Mixed (GIA + hand sewn)
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Larsson and co-authors [12] reviewed the use of disease reg-
istries in 13 countries and showed that registry usage may reduce 
the overall cost of treatment [3]. While most data gathering for 
research and database assembly is performed by research fellows, 
clinical reviewers or study coordinators, the transformation of our 
EMR to include these reports was simply conducted by the IT 
department with minimal costs and manpower. Using the EMR 
as a codified database saves most of the costs and time related to 
data entry and data maintenance of large datasets.

Because the specific data of the surgical procedure is doc-
umented, one can extract different complications related to 
specific surgical techniques. For example, our leak rate after 
laparoscopic right hemi-colectomy with intra-corporeal anasto-
mosis for patients presenting with Crohn's disease who received 
anti-inflammatory medication during the first half of 2018 was 
28% (2 leaks of 7 cases performed). This data were available in 
a real-time manner allowing us to focus on the complications 
and suggest methods for improvement.

This example emphasizes the importance of data reported in 
our registry entered in a real-time manner and updated daily in 
the postoperative course. This timeliness is compared to other 
registries, in which the data are entered by a third party such 
as research fellows, medical students, or study coordinators 
in a delayed fashion. Those individuals might lack knowledge 
regarding the patient, the procedure, or relevant clinical data 
while they record data into the database, which may result in 
incomplete or inaccurate reports. The real-time documentation 
and availability of such data allows dealing with specific prob-
lems at hand on a surgical service and allows review of compli-
cations and outcomes more rapidly.

LIMITATIONS

The limitations of our reporting tool are inherent in its gradual 
adoption by our CRS team. It has affects in the compliance of 
the reporting. After the initiation of this reporting tool, addition-
al meetings were held and memos sent to implement this report 
into our daily practice. As this is the first year of implementa-
tion, we believe that the 80% compliance of reporting on the 
same day will increase by redesigning the additional fields as 
mandatory (without an option to log off the EMR without com-
pleting these specific fields). Furthermore, the lack of a national 
registry has made standardization among institutes an issue that 
will affect our database when other registries are developed. In 
addition, institutions that use a verbal dictation system to docu-
ment their operative reports will have to complete an additional 
form with our method to maintain a real-time database with in-
stantaneous timeliness. In this particular case, the form can be 
added to the EMR and completed separately by the one of the 
surgeons.

CONCLUSIONS

Re-designing the EMR to enable prospective documentation of 

surgical related data is a valid method to create an on-going, re-
al-time database that is recorded instantaneously with additional 
minimal effort and minimal cost.
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Hope to untangle tau tangles in Alzheimer’s disease

In Alzheimer's disease and in other neurodegenerative 
diseases known as tauopathies, misfolded tau protein 
forms filamentous aggregates, known as tangles, in the 
brain. These tangles have often been considered end-stage 
features that will remain indefinitely within the brain once 
formed. Croft and co-authors studied the formation and 
potential clearance dynamics of tau inclusions in brain slices 
from tauopathy model mice. Initially, inclusions formed 

relatively rapidly, within a day or two, and turned over with 
a half-time of about one week. This turnover slowed down 
as the slices aged in culture. After 2 months in culture, 
deposited tau took approximately 3 weeks to turn over and 
its half-life had tripled. Thus, although they can be long-
lived, tau inclusions may not necessarily be permanent.

Acta Neuropathol 2021;141: 359 

Eitan Israeli

6.  Ingeholm P, Gogenur I, Iversen LH. Danish Colorectal Cancer Group Database. 
Clin Epidemiol 2016; 8: 465-8.

7.  Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a 
new proposal with evaluation in a cohort of 6336 patients and results of a survey. 
Ann Surg 2004; 240 (2): 205-13.

8.  Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo classification of 
surgical complications: five-year experience. Ann Surg 2009; 250 (2): 187-96.

9.  Edge SB, Compton CC. The American Joint Committee on Cancer: the 7th 
Edition of the AJCC Cancer Staging Manual and the Future of TNM. Annals of 

Surgical Oncolog 2010; 17 (6): 1471-4.
10.  Stey AM, Russell MM, Ko CY, Sacks GD, Dawes AJ, Gibbons MM. Clinical 

registries and quality measurement in surgery: a systematic review. Surgery 2015; 
157 (2): 381-95.

11.  Zanetti R, Schmidtmann I, Sacchetto L, et al. Completeness and timeliness: cancer 
registries could/should improve their performance. Eur J Cancer 2015; 51 (9): 1091-8.

12.  Larsson S, Lawyer P, Garellick G, Lindahl B, Lundstrom M. Use of 13 disease 
registries in 5 countries demonstrates the potential to use outcome data to 
improve health care's value. Health Aff (Millwood) 2012; 31 (1): 220-7.

Capsule

Targeting huntingtin in pigs

Huntington's disease (HD) is a genetic neurodegenerative 
disorder caused by a mutated huntingtin (HTT) gene. 
Reducing the expression of the aberrant HTT has been 
shown to be effective in preclinical models. Valles et 
al. evaluated the effects of an adeno-associated viral 
vector–mediated strategy delivering microRNA (miRNA) 
targeting human mutant HTT (mHTT) in a pig model 

of HD that closely resembles the human condition. 
Intracerebral delivery of the miRNA into the striatum 
resulted in widespread distribution and reduced mHTT for 
up to a year after injection. These results suggest that the 
approach could be effective in patients with HD.

Sci Transl Med 2021; 13: eabb8920 
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Fibroblastic reticular cell lineage convergence in Peyer’s patches governs intestinal 
immunity

Fibroblastic reticular cells (FRCs) determine the organization 
of lymphoid organs and control immune cell interactions. 
While the cellular and molecular mechanisms underlying 
FRC differentiation in lymph nodes and the splenic white pulp 
have been elaborated to some extent, in Peyer’s patches 
(PPs) they remain elusive. Using a combination of single-cell 
transcriptomics and cell fate mapping in advanced mouse 
models, Prados and colleagues found that PP formation in 
the mouse embryo is initiated by an expansion of perivascular 
FRC precursors, followed by FRC differentiation from 
subepithelial progenitors. Single-cell transcriptomics and 

cell fate mapping confirmed the convergence of perivascular 
and subepithelial FRC lineages. Furthermore, lineage-
specific loss- and gain-of-function approaches revealed that 
the two FRC lineages synergistically direct PP organization, 
maintain intestinal microbiome homeostasis and control 
anticoronavirus immune responses in the gut. Collectively, 
this study reveals a distinct mosaic patterning program that 
generates key stromal cell infrastructures for the control of 
intestinal immunity.
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