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Delayed Diagnosis of Anastomotic Leak
and Failure to Rescue After Colon Resection
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Invited Commentary
IMPORTANCE Anastomotic leak remains a leading cause of morbidity and mortality following
colon resection. There is increasing evidence to suggest that failure to rescue (FTR), defined
as death after a complication, is the culmination of a series of cascading events, which may be
exacerbated by delays in diagnosis. Timely identification and management of anastomotic
leaks may represent a crucial strategy for reducing FTR after colon resection.

Supplemental content

OBJECTIVE To determine whether delayed diagnosis of anastomotic leak is associated with
FTR following colon resection.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used the Veterans Affairs Surgical
Quality Improvement Program dataset from 2004 to 2023 to assess the rate of FTR after
postoperative organ space surgical site infection (OSSI) among patients who underwent
colon resection at a Veteran Affairs hospital. Data were analyzed from September 1, 2024, to
December 13, 2025.

EXPOSURE Colon resection.

MAIN OUTCOMES AND MEASURES FTR rate after diagnosis of OSSI. OSSI was used as a
surrogate for anastomotic leak and categorized as delayed (occurring after a sepsis diagnosis)
or early (before or without a sepsis diagnosis). FTR rate after delayed or early OSSI diagnosis
was compared. Multivariable logistic regression was performed to identify factors associated
with FTR after OSSI.

RESULTS Of 39175 patients (37 228 males [95.0%] and 1947 females [5.0%]; mean [SD] age,
65.3 [11.1] years) included in the analysis who underwent colon resection, 219 were Asian
(0.6%) individuals, 6386 were Black (16.3%) individuals, 1820 were Hispanic (4.7)
individuals, 24 612 were White (62.8%) individuals, and 6138 were individuals of other or
unknown race and ethnicity (15.7%). The indication for resection was colon cancer in 17 067
patients (43.6%), diverticular disease in 4678 (11.9%), inflammatory bowel disease in 658
(1.7%) and colitis, ischemia, or other indication in 16 772 (42.8%). OSSI was diagnosed in 1227
patients (3.1%); of these diagnoses, 381(31.1%) were delayed and 846 (68.9%) were early. On
multivariable analysis, those with delayed OSSI had a significantly higher mean (95% Cl)
number of total discrete complications compared with those with early OSSI (3.0 [2.9-3.2] vs
1.7 [1.6-1.8], P < .001), higher probability of reoperation (62.1% vs 40.3%, P < .001), longer
mean (95% Cl) length of stay (22.6 [20.4-24.8] days vs 17.6 [16.5-18.7] days, P < .001), and
higher probability of FTR (7.8% vs 2.2%, P < .001). Probability of FTR was 6.7% higher in
patients who developed sepsis (8.1%) compared with those who never developed sepsis
(1.4%).

CONCLUSIONS AND RELEVANCE Findings of this study suggest that FTR after OSSI, which
served as a proxy for anastomotic leak, was associated with delayed diagnosis, not the leak
itself. Early identification of leaks and avoidance of progression to sepsis could reduce FTR Author Affiliations: Department of
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espite substantial advancements in surgical tech-

nique and perioperative care, anastomotic leak re-

mains a leading cause of morbidity and mortality fol-
lowing colon resection.? Failure to rescue (FTR), defined as
death following a complication, has emerged as a key target
for improving surgical outcomes. Increasing evidence sug-
gests that FTR is not solely the consequence of a single com-
plication but rather the culmination of a series of cascading
events.>*In the case of anastomotic leaks, these events often
include the progression to sepsis and multisystem organ
failure,>® both of which are exacerbated by delays in diagno-
sis. Therefore, timely identification and management of anas-
tomotic leaks may represent a crucial strategy for reducing FTR
in this patient population.

Prior studies have demonstrated that FTR following
organ space surgical site infections (OSSIs) may be altered
by multiple factors, including patient comorbidities, clini-
cian response times, and hospital resources.”® However,
it remains unknown whether delays in diagnosing OSSI
substantially contribute to FTR. Given that the most com-
mon cause of sepsis following colon resection is anasto-
motic leak,®° a diagnosis of anastomotic leak after the onset
of sepsis likely reflects missed or delayed identification ear-
lier in the clinical course. While timely recognition is a fun-
damental principle in the management of anastomotic leak,
the clinical implications of diagnostic delay for FTR are
unclear. Existing studies are often limited by the lack of
granularity in defining timing of complications, making it
difficult to determine whether delays in diagnosis are
directly associated with patient outcomes.

In this context, we conducted a study leveraging a data-
set that captures the timing and sequence of postoperative
complications with a level of detail not previously available.
Specifically, we sought to determine if delayed diagnosis of
anastomotic leak is associated with FTR following colon re-
section. By examining the relationship between timing and out-
comes, we aim to provide critical insights into whether early
identification of anastomotic leaks can mitigate the risk of mor-
tality. Findings from this study may inform strategies to opti-
mize postoperative surveillance, enhance early detection, and
ultimately improve FTR rates among patients undergoing co-
lon resection.

Methods

Data Source

This cohort study was deemed exempt from review by the Ann
Arbor Veterans Affairs Institutional Review Board and the in-
formed consent requirement was waived because deidenti-
fied data were used. The Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) reporting
guideline was followed.

The Veterans Affairs (VA) Surgical Quality Improvement
Program (VASQIP) noncardiac dataset is a quality assurance ac-
tivity-derived national registry that includes all noncardiac sur-
gical procedures performed at 144 VA centers across the US.
VASQIP collects demographic, preoperative, operative, and 30-
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Key Points

Question Is delay in detection of anastomotic leak after colon
resection associated with failure to rescue?

Findings In this cohort study of the Veterans Affairs Surgical
Quality Improvement Program that included 39 175 patients who
underwent colon resection, probability of failure to rescue (ie,
death after a complication) was significantly higher in patients
who had delayed diagnosis of anastomotic leak (that is, leak after
the onset of sepsis) compared with those who had a leak identified
before sepsis developed.

Meaning These findings suggest early identification of
anastomotic leak and timely and appropriate management may
improve the mortality associated with colon resection.

day perioperative outcomes data on more than 100 000 non-
cardiac surgical procedures performed annually.

Study Population

We queried the VASQIP noncardiac dataset for patients who
underwent a colon resection between 2004 and 2023. Pa-
tients were identified using Concurrent Procedural Technology
(CPT) codes for a segmental, subtotal, or total colon resec-
tion. International Classification of Diseases, Ninth Revision and
International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) codes were used to
classify patients as having a diagnosis of colon cancer, inflam-
matory bowel disease, diverticular disease, or other indica-
tion (eTable 1in Supplement 1). Patients were excluded if they
were younger than 18 years of age, underwent resection with-
out reanastomosis (ie, Hartmann procedure, colectomy with
end ileostomy), or underwent a rectal or anal resection. Race
categories were self-selected from a list of database options and
included Alaska Native, American Indian, Asian or Pacific
Islander, Black, White, unknown, and declined to answer.
Ethnicity categories included Hispanic or non-Hispanic. For
the purposes of analysis, the other category included Alaska
Native, American Indian, unknown, and declined to answer.
Race and ethnicity data were included to characterize the
sample and not analyzed further.

Perioperative Outcomes and Failure to Rescue

Rates of 30-day postoperative outcomes were assessed. The
number of days from date of the surgical procedure to each
postoperative outcome was used to determine the sequence
of postoperative outcomes. For the purposes of analysis, OSSI
was used as a surrogate for anastomotic leak, as it is the most
common etiology of organ space infections following colon
resection.'© OSSI was further categorized as delayed OSSI, de-
fined as diagnosis of OSSI occurring on the same day as or sub-
sequent to diagnosis of sepsis or septic shock, or early OSSI,
defined as any OSSI that occurred either at least 1 day prior to
sepsis or septic shock or without sepsis or septic shock. FTR
was defined as death within 30 days of a surgical procedure
in patients who experienced an OSSI.
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Table 1. Patient Characteristics

No. (%)
Characteristic All patients (n = 39175) No 0SSl (n=37948) 0SSI(n=1227) Pvalue
Age, mean (SD) 65.3(11.1) 65.3(11.1) 64.4(11.1) .01
Sex
Female 1947 (5.0) 1893 (5.0) 54 (4.4)
35
Male 37228(95.0) 36055 (95.0) 1173 (95.6)
Race and ethnicity?®
Asian 219 (0.6) 210 (0.6) 9(0.7)
Black 6386 (16.3) 6214 (16.4) 172 (14.0)
Hispanic 1820 (4.7) 1768 (4.7) 52 (4.2) 18
White 24612 (62.8) 23819 (62.8) 793 (64.6)
Other or unknown® 6138 (15.7) 5937 (15.7) 201 (16.4)
Recent (within 12 mo) smoker 11453 (29.2) 11041 (29.1) 412 (33.6) <.001
Alcohol use 3625 (9.3) 3512(9.3) 113(9.2) .96
Selected comorbidities®
Pulmonary 9158 (23.4) 8847 (23.3) 311(25.3) .10
Cardiac 27 042 (69.0) 26200 (69.0) 842 (68.6) .75
Neurologic 3480 (8.9) 3378 (8.9) 102 (8.3) 48
Kidney 578 (1.5) 24 (2.0) 554 (1.5) .16
Vascular 1208 (3.1) 1167 (3.1) 41 (3.3) .60
Anemia 20111 (51.3) 19465 (51.3) 646 (52.6) .35 Abbreviation: OSSI, organ space
Diabetes surgical site infection.
Oral agent 5937 (15.2) 5756 (15.2) 181 (14.8) 91 ? Percentages may not total 100 due
Insulin-dependent 3992 (10.2) 3865 (10.2) 127 (10.4) bto rounding.
Other race or ethnicity included
Coagulopathy 4994 (16.3) 4792 (16.2) 202 (20.4) <.001 Alaska Native, American Indian,
Liver dysfunction 2764 (8.6) 2672 (8.6) 92 (8.8) .75 unknown, and patient declined to
Nutritional deficiency 8161 (24.4) 7823 (24.2) 338 (31.4) <.001 answer.
Recent steroid use 981 (2.5) 935 (2.5) 46 (3.5) 01 © These comorbidities are reported
(within 30 d preoperatively) due to clinical relevance. Pulmonary
Eeiamel s comorbidities included dyspnea,
pneumonia, chronic obstructive
1 36550(93.3) 35434 (93.4) 1116 (91.0) pulmonary disease, and ventilator
2 1925 (4.9) 1839 (4.8) 86 (7.0) dependence. Cardiac comorbidities
3 696 (1.8) 671 (1.8) 25 (2.0) 01 included angina, congestive heart
failure, myocardial infarction,
4 4(0.0) 4(0.0) 0(0.0) hypertension, and prior cardiac
Indication for surgery intervention. Neurological
Colon cancer 17067 (43.6) 16593 (43.7) 474.(38.6) comorbidities included stroke,
. transient ischemic attack, and
Inflammatory bowel disease 658 (1.7) 615 (1.6) 43 (3.5) <001 hemiplegia. Kidney comorbidities
Diverticular disease 4678 (11.9) 4521 (11.9) 157 (12.8) ' included dialysis and kidney failure.
Other 16772 (42.8) 16219 (42.7) 553 (45.1) Vascular comorbidities included
peripheral vascular disease and rest
Emergency case 3188 (8.1) 3034 (8.0) 154 (12.6) pain. Nutritional deficiency was
Facility type®? defined as albumin below the
Ambulatory procedure 47 (0.1) 46 (0.1) 1(0.1) reference range.
center basic 9 Functional status was characterized
Ambulatory procedure 27(0.1) 27(0.1) 0(0.0) on a score from 1to 4 with 1defined
center advanced 09 as independent, 2 as partially
Inpatient standard 413 (1.1) 400 (1.1) 13(1.1) ' dependent, 3 as totally dependent,
Inpatient intermediate 8312 (21.2) 8089 (21.3) 223(18.2) and 4as unknown.
. ’
Inpatient complex 30376 (77.5) 29386 (77.4) 990 (80.7) As designated by the Veterans

Health Adminstration.”

Statistical Analysis

Descriptive and comparative analyses of patient demograph-
ics and treatment regimens were performed using x test for
categorical variables, t test with unequal variance for nor-
mally distributed continuous variables, and Mann-Whitney test
for continuous variables with skewed distribution. Multivari-
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able logistic and linear regression with average marginal
effects were performed to identify factors associated with
30-day outcomes and postoperative FTR. These analyses were
adjusted for age, sex, race and ethnicity, indication for surgi-
cal procedure (colon cancer, inflammatory bowel disease,
diverticular disease, or other), receipt of cancer-related treat-
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Table 2. Unadjusted Postoperative Outcomes in Patients With Early vs Delayed OSSI

0ssl
Outcome Early (n = 846) Delayed (n = 381) P value
No. of complications, mean (SD) 1.7 (1.1) 3.0(1.3) <.001
Time to diagnosis of OSSI, mean (SD), d 10.2 (26.0) 11.4 (6.6) .40
Failure to rescue, No. (%) 19 (2.3) 26 (6.8) <.001
Return to operating room, No. (%) 341 (40.3) 237 (62.2) <.001 o
Hospital length of stay, mean (SD), d 17.4 (14.1) 22.9(21.8) <.001 ?:rtg’f;’l';tt'zri‘;gif‘itg_rga” space
Table 3. Adjusted Postoperative Outcomes in Patients With Early vs Delayed OSSI
0ssl
Outcome Early (n = 846) Delayed (n = 381) P value
No. of total complications, mean (95% CI) 1.7 (1.6-1.8) 3.0(2.9-3.2) <.001
Failure to rescue, % probability (95% Cl) 2.2 (1.5-3.0) 7.8(5.4-10.1) <.001
Return to operating room, % probability (95% CI) 40.3 (35.1-45.4) 62.1(57.2-67.1) <.001
Hospital length of stay, mean (95% Cl), d 17.6 (16.5-18.7) 22.6 (20.4-24.8) <.001 Abbreviation: OS5I, organ space

E4

surgical site infection.

ment, functional status, alcohol abuse, smoking status, re-
cent steroid use (within 30 days preoperatively), emergency
status, and 27 preoperative comorbidities. Functional status
was characterized on a score from 1 to 4 with 1 defined as in-
dependent, 2 as partially dependent, 3 as totally dependent,
and 4 as unknown. Preoperative nutritional deficiency was de-
fined as preoperative albumin less than the reference range.
All regressions were performed with clustered SEs at the
hospital level to account for variation across hospitals. Addi-
tional sensitivity analyses were performed evaluating the ab-
sence of other infectious complications, inpatient complica-
tions, facility complexity, and sidedness of resection. P < .05
was considered statistically significant. All statistical analy-
sis was performed using Stata 18 (StataCorp, LLC).

. |
Results

A total of 39175 patients (37228 males [95.0%] and 1947 fe-
males [5.0%]; mean [SD] age, 65.3 [11.1] years) underwent co-
lonresection at 116 VA hospitals during the study period. Of these
patients, 219 were Asian (0.6%) individuals, 6386 were Black
(16.3%) individuals, 1820 were Hispanic (4.7) individuals, 24 612
were White (62.8%) individuals, and 6138 individuals (15.7%)
were of other or unknown race and ethnicity. The indication for
resection was colon cancer in 17 067 patients (43.6%), diverticu-
lar disease in 4678 (11.9%), inflammatory bowel disease in 658
(1.7%) and colitis, ischemia, or other indication in 16 772 (42.8%).
Additional patient characteristics are shown in Table 1.

Of our cohort, 8007 patients (20.4%) developed at least 1
postoperative complication, and 1227 patients (3.1%) were di-
agnosed with OSSI at some point in the 30 days postopera-
tively. The mean (SD) time to diagnosis of an OSSI was 10.6
(21.9) days. Patients who developed OSSI were more likely to
be current or recent smokers, have a diagnosis of inflamma-
tory bowel disease, have preoperative nutritional deficiency,
have recent steroid use, have coagulopathy, and undergo an
emergency operation (Table 1). Among patients with OSSL, FTR
occurred in 45 (3.7%). The rate of FTR was significantly lower
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in patients whose only postoperative complication was OSSI
(5 of 494 [1.0%]) compared with OSSI and other complica-
tions (40 of 733 [5.5%], P < .001). On multivariable regres-
sion, OSSI was not independently associated with FTR (odds
ratio [OR], 1.41; 95% CI, 0.95-2.10; P = .09).

Diagnosis of OSSI was delayed in 381 patients (31.1%).
Patients with early or delayed OSSI were similar with regard to
preoperative demographics and comorbidities (eTable 2 in
Supplement 1). Compared with those with an early OSSI diag-
nosis, patients with delayed OSSI had significantly higher rates
of FTR and reoperation, as well as a higher mean number of total
complications and longer hospital length of stay (LOS; Table 2).
For those diagnosed with OSSI during the inpatient hospitaliza-
tion, these results for early compared with delayed OSSI were
consistent (eTable 3 in Supplement 1). On univariable analysis,
probability of FTR was 4.6% higher for delayed OSSI compared
with early diagnosis of OSSI, with significantly higher odds of
FTR in patients with delayed OSSI (OR, 3.19; 95% CI, 1.89-5.38;
P <.001). After adjusting for preoperative variables, the prob-
ability of FTR was 5.5% higher with delayed OSSI (OR, 5.13; 95%
CI, 2.82-9.32; P < .001) compared with early OSSI. Adjusted prob-
ability of reoperation, total number of complications, and LOS
were also higher with delayed OSSI (Table 3). The overall rate of
OSSI'was higher in patients undergoing left-sided resections com-
pared with right-sided resections (225 of 6081 [3.7%] vs 243 of
7912[3.1%]; P = .04), but rate of delayed OSSI was higher in right-
sided resections (85 of 243 [35.0%] vs 56 0of 225[24.9%]; P = .02).
FTR from delayed OSSI was similar between left-sided and right-
sided resections (8 of 56 [14.3%] vs 5 of 85 [5.9%]; P = .09). Pa-
tients treated at inpatient complex facilities had lower rates of
delayed OSSI (290 of 990 [29.3%]) compared with other facil-
ity types (91 0f 237[38.4%]; P = .01) but similar rates of FTR fol-
lowing delayed OSSI (16 0of 290 [5.5%] vs 10 0f 91[11.0%]; P = .07).

As sepsis can be secondary to other infectious etiologies in
addition to OSSI, we conducted a sensitivity analysis of
patients who did not have another infectious complication
(pneumonia, urinary tract infection, superficial surgical site in-
fection, or deep surgical site infection) diagnosed 30 days post-
operatively. Of the 1227 patients with OSSI, 163 (13.2%) had an-
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other infectious complication. Among the 1064 patients who did
not have another infectious complication, the adjusted rate of
FTR for delayed OSSI was significantly higher than the rate of
FTR for early OSSI (7.4% [95% CI, 5.2-9.6] vs 2.5% [95% CI, 1.7-
3.2]; P <.001).

Of the 1227 patients with OSSI, 472 (38.5%) had a diagno-
sis of sepsis, and 91 (19.3%) had sepsis diagnosed after or at
the same time as diagnosis of the OSSI. A total of 964 patients
(78.6%) with OSSI had either OSSI or sepsis diagnosed as the
initial complication. Among the 472 patients with both sepsis
and OSSI, FTR occurred in 34 (7.2%). Unadjusted and ad-
justed FTR rates were similar between patients who devel-
oped sepsis before vs after an OSSI diagnosis (unadjusted rates:
sepsis diagnosed first, 26 of 381 [6.8%]; OSSI diagnosed first,
8 of 91 [8.8%]; P = .51; adjusted rates: sepsis diagnosed first,
7.6% [95% CI, 5.3-9.9] vs OSSI diagnosed first, 7.9% [95% CI,
4.2-11.6]; P = .91). Among patients with OSSI who never de-
veloped sepsis (755 0f 1227 [61.5%]), FTR occurred in 11 (1.5%).
On multivariable analysis, probability of FTR after OSSI was
6.7% higher in patients who developed sepsis (8.1%) com-
pared with those who never developed sepsis (1.4%). Devel-
opment of sepsis was an independent risk factor for FTR after
OSSI (OR, 10.08; 95% CI, 4.28-23.78; P < .001). The Figure
shows a flowchart of patients who developed OSSI, sepsis, or
both. Patients who did not have an OSSIbut developed sepsis
had ahigher FTRrate (184 0f 1152 [16.0%]) than those who had
an OSSI. The rates of postoperative cardiac, pulmonary, and
kidney complications were significantly higher among the 1152
patients who had sepsis of some other cause (86 [7.5%], 559
[48.5%], and 316 [27.4%], respectively compared with the 472
who had sepsis associated with an OSSI (18 [3.8%], 170 [36.0%],
and 102 [21.6%], respectively [P < .05]).

Post Hoc Subanalysis of Nonemergent Cases

Due to the frequency of perforation and peritonitis being the im-
petus for emergency operations, which could be a possible eti-
ology of sepsis and may confound the use of OSSIas a surrogate
for anastomotic leak, we performed a post hoc analysis of pa-
tients who only underwent nonemergency surgical proce-
dures. A total of 35 987 patients (91.1%) underwent a nonemer-
gency surgical procedure, of whom 1073 (3.0%) developed an
OSSI. Of these patients, 341 (31.8%) had delayed OSSI and 732
(68.2%) had early OSSI. Among 1073 patients with an OSSI, FTR
occurred in 32 (3.0%). Compared with those with early OSSI, pa-
tients with delayed OSSI had significantly higher rates of FTR (8
of 732 [1.1%] vs 24 of 341[7.0%]; P < .001) and reoperation (296
0f732[40.4%] vs 213 0f 341[62.5%]; P < .001), as well as a higher
mean (SD) number of total complications (1.63 [1.0] vs 3.0 [1.3];
P <.001) and longer LOS (16.5 [13.3] days vs 22.4 [22.0] days;
P <.001). On univariable analysis, the probability of FTR was
6.0% higher with delayed OSSI (7.0%) compared with early OSSI
(1.1%; OR, 6.85; 95% CI, 3.34-14.03; P < .001). After adjusting for
preoperative variables, the probability of FTR was 6.7% higher
with delayed OSSI (8.0%) than with early OSSI (1.3%; OR, 9.89;
95% CI, 4.52-21.65; P < .001). Adjusted probability of reopera-
tion (early: 40.9%; 95% CI, 35.3-46.4; delayed: 62.5%, 95% CI,
57.2-67.8; P < .001), total number of complications (early: 1.7, 95%
CI, 1.6-1.7; delayed: 3.0; 95% CI, 2.8-3.1; P < .001), and LOS (early:
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Figure. Flowchart of Patients Who Developed Organ Space
Surgical Site Infections (OSSls), Sepsis, or Both

‘ 39175 Patients undergoing colon resection ‘

\
! v

1227 Diagnosed 37948 Without
with OSSI 0SSl

381 With delayed 846 With early 36796 Without 1152 With sepsis

diagnosis diagnosis sepsis
755 Without 91 With sepsis

sepsis

16.8 days; 95% CI, 15.7-17.9; delayed: 21.7 days; 95% CI, 19.3-
24.0; P < .001) were also higher with delayed OSSI.

|
Discussion

In this national cohort study of veterans undergoing colon re-
section, we found that delayed diagnosis of OSSI, which was
used herein as a surrogate for anastomotic leak, was indepen-
dently associated with higher rates of FTR, reoperation, and
prolonged hospitalization. The presence of sepsis, rather than
OSSI alone, was associated with mortality, underscoring the
importance of timely recognition and intervention. Our study
is unique in its ability to assess the sequence of complica-
tions surrounding OSSIand highlights a critical insight: it is not
only the occurrence of a complication but the timing of its di-
agnosis and management that is associated with postopera-
tive survival.

It has been previously established that sepsis is a risk fac-
tor for FTR following anastomotic leak after colon resection.'
There are multiple other complications that can lead to sep-
sis, such as pneumonia and urinary tract infections, that are
common in this population and may play a role in poor out-
comes. Our analysis shows that even in the absence of any other
infectious complication in the 30 days postoperatively, FTR
is significantly higher when OSSI is identified after the onset
of sepsis. Thus, our study builds on existing literature sug-
gesting that postoperative mortality often arises from the con-
sequences of an earlier complication, rather than a single
event.>! This sequence frequently includes progression from
leak to sepsis and multiorgan failure, especially when diag-
nosis is delayed.>® Multiple prior studies have demonstrated
that FTR is more common in patients experiencing multiple
complications®!314; however, few studies have had access to
data with sufficient granularity to capture the temporal se-
quence of complications. Those that had access to such data
found that both the type and timing of the index complica-
tion are key.’*'” By leveraging VASQIP data we found evi-
dence that delays in leak recognition play a critical role in the
development of downstream complications and mortality.

Our findings reinforce prior literature suggesting that suc-
cessful rescue is less about preventing complications and more
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about recognizing and managing them effectively.!®
Although anastomotic leak is regarded as a devastating com-
plication, it is increasingly recognized that a leak itself does
not always lead to poor outcomes; rather, it is the presence of
sepsis or other severe illness that is often the proximal cause
of death.® This is supported by our findings that patients who
do not develop sepsis associated with a leak had a signifi-
cantly lower FTR rate. A recent study by Gronroos-Korhonen
etal'® found that anastomotic leaks diagnosed later in the post-
operative period following colorectal operations are more likely
to have another complication before the diagnosis of aleak and
that the presence of an earlier complication is associated with
increased FTR after a leak diagnosed at any time. Our results
complement these findings by explicitly classifying OSSIwhen
it is diagnosed relative to sepsis and demonstrating that it is
the sequence of diagnosis as opposed to the postoperative day
of diagnosis that is associated with FTR. This distinction has
important clinical implications. Avoiding all leaks may not be
feasible given their multifactorial etiology (eg, surgical tech-
nique, patient comorbid conditions, microbiome) and asso-
ciation with disease severity.?2°-2! However, our findings sug-
gest that early detection and appropriate management of leaks
may reduce progression to sepsis and prevent mortality. The
challenge, therefore, lies in identifying which patients are at
highest risk and ensuring rapid evaluation and escalation of
care when clinical deterioration occurs.

Prior work has shown that hospitals with high rescue rates
succeed not by avoiding complications entirely, but by deploy-
ing timely, coordinated responses when complications occur.?%23
A shiftin efforts toward early detection of complications hasbeen
previously suggested as a method for improving FTR,?* a no-
tion supported by our finding that the FTR rate is significantly
decreased if OSSI was diagnosed before other complications arise.
Targeted interventions aimed at early complication recogni-
tion, such as daily team huddles, use of early warning systems,
standardized escalation pathways, and multidisciplinary re-
sponse teams, may therefore improve outcomes after leak.
Within the VA system, team training and communication-
focused interventions are associated with improved outcomes
across perioperative settings.?>2° Applying similar strategies to
anastomotic leak management—particularly early detection and
structured escalation—could meaningfully improve mortality af-
ter colon resection.

Early diagnosis of anastomotic leak can be achieved
through a high index of suspicion, particularly in patients who
deviate from expected recovery pathways. Clinical triggers such
as persistent ileus, unexplained tachycardia, abdominal pain,
electrolyte disturbances, or neutrophilia should prompt early
diagnostic imaging,3”-2° especially in patients with known risk
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factors for FTR, including advancing age, poor functional
status, immunosuppression, or cardiopulmonary disease.”83°
Protocolized surveillance or decision support tools to guide re-
imaging and escalation may help standardize care and avoid
diagnostic delay.?® It should be noted that that there is no con-
sensus regarding optimal timing, modality, or frequency of
postoperative imaging for leak detection.?!"*> Universal early
imaging is neither practical nor cost-effective, but more re-
fined approaches based on dynamicrisk stratification may im-
prove yield. Future studies may explore how physiologic data
and machine learning algorithms can identify patients at the
highest risk for delayed diagnosis and guide clinical decision-
making in real time.

Limitations

This study has a few limitations to that should be addressed.
First, we used OSSI as a surrogate for anastomotic leak, which
may introduce misclassification and underestimation. How-
ever, leak is the most common etiology of OSSI following co-
lon resection,'-3¢ and OSSI has been used as a proxy in other
studies.®”*8 Second, the VASQIP dataset lacks granular data on
postoperative management, including radiographic confirma-
tion of leak, interventions performed as a result, and time to
treat. Nevertheless, these data are unique in their ability to
identify the sequence of events, which offers insights not pos-
sible with other datasets. Third, given the deidentified na-
ture of VASQIP data, we were unable to confirm that data was
accurately coded and extracted, though the VASQIP dataset is
rigorously checked during the extraction process to ensure ac-
curacy. Finally, this analysis reflects care at VA hospitals, which
may differ in structure and resources from other health care
settings. Furthermore, the population at the VA is less hetero-
geneous than the rest of the US, which limits the generaliz-
ability of the results. Despite these drawbacks, the VA’s na-
tional reach, standardized data collection, and ability to track
temporal sequences of events provide unique advantages over
other data sources.

. |
Conclusions

This cohort study found that delayed diagnosis of OSSI is as-
sociated with FTR following colon resection. These findings
underscore the need for timely recognition and coordinated
management of anastomotic leak. Efforts to improve out-
comes should focus not only on prevention, but also on build-
ing systems that support early detection and rapid interven-
tion—ultimately translating into better survival for patients
undergoing any operative intervention.
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