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ABSTRACT

Objective: Previous retrospective studies have established a relationship between
postoperative hypoglycemia and adverse outcomes after cardiac surgery, but none
have accounted for the cause of hypoglycemia.

Methods: A retrospective review was performed of patients who underwent car-
diac surgery at a single institution between 2016 and 2021. Patients were catego-
rized as hypoglycemic if they had 1 or more postoperative blood glucose
measurement less than 70 mg/dL and normoglycemic otherwise. Hypoglycemia
was subcategorized as noniatrogenic (underlying liver failure, adrenal insufficiency,
sepsis, or shock) or iatrogenic (insulin infusion continued while nil per os or infusion
protocol violated) via manual chart review. Baseline characteristics were compared
between groups using Pearson x?, analysis of variance, and Kruskal-Wallis testing,
and outcomes were compared using multivariable logistic regression.

Results: In total, 5373 patients and 183,346 glucose measurements were included.
Hypoglycemia occurred in 5% (267) of patients, of whom 63% (169) were iatro-
genic and 37% (98) were noniatrogenic. In a multivariate analysis adjusting for
age, sex, case urgency, pre-existing diabetes, and bypass time, both iatrogenic
and noniatrogenic hypoglycemia were associated with greater odds of renal failure,
prolonged ventilation, and prolonged intensive care unit length of stay relative to
normoglycemia, but the magnitude was substantially lower in iatrogenic hypoglyce-
mia. Patients with noniatrogenic hypoglycemia had 68.6 times greater odds of mor-
tality relative to patients who were normoglycemic (odds ratio, 68.6; confidence
interval, 39.5-119), but patients with iatrogenic hypoglycemia had no increased
odds of mortality (odds ratio, 1.45; confidence interval, 0.77-2.73).

Conclusions: When excluding patients with conditions known to cause hypoglyce-
mia from the analysis, the morbidity and mortality of iatrogenic hypoglycemia from
tight postoperative glycemic control is dramatically attenuated. (JTCVS Open
2024;22:323-31)

Postoperative Mortality in Cardiac Surgery Patients
Stratified by Presence and Cause of Hypoglycemia
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Postoperative outcomes in cardiac surgery strati-
fied by presence and cause of hypoglycemia.

CENTRAL MESSAGE
When compared with normo-

glycemia, iatrogenic hypoglyce-
mia is associated with increased
perioperative adverse outcomes,
but these are dramatically atten-
uated relative to noniatrogenic
hypoglycemia.

PERSPECTIVE

In this study, postoperative hypoglycemia carried
an increased odds of morbidity, but the magni-
tude was substantially lower in iatrogenic hypo-
glycemia relative to noniatrogenic hypoglycemia.
This suggests that the adverse outcomes previ-
ously attributed to tight glycemic control may
have been partially caused by a failure to exclude
comorbid patients with noniatrogenic hypoglyce-
mia from the analysis.

The importance of glycemic control in the perioperative
period is well recognized, with a variety of retrospective
studies demonstrating adverse outcomes in both patients
who are hypoglycemic and hyperglycemic.'” Within
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cardiac surgery specifically, glycemic control carries
additional importance, in part because of the high
prevalence of pre-existing diabetes within the patient popu-
lation® and also because of the physiologic stress response
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Abbreviations and Acronyms
CI = confidence interval
ECMO = extracorporeal membrane oxygenation
IABP = intra-aortic balloon pump
ICU = intensive care unit
OR = odds ratio
STS = Society of Thoracic Surgeons

that follows cardiopulmonary bypass and results in more
challenging glycemic control.”'" Both observational
studies and clinical trials have established a causal
relationship between hyperglycemia and surgical-site infec-
tions.' "' The well-established risks of hyperglycemia have
resulted in inclusion of glycemic control as a quality metric
in the Society of Thoracic Surgeons (STS) guidelines and
the routine initiation of postoperative insulin infusions to
maintain blood glucose levels less than 180 mg/dL."*
Conversely, other studies have cautioned against hypogly-
cemia in cardiac surgery by demonstrating increased mor-
tality, renal failure, and prolonged intensive care unit
(ICU) stay in patients with hypoglycemic events,”'” but
the literature on hypoglycemia has been inconsistent and
is primarily retrospective.'™'°

As the clinician is tasked with balancing the relative risks
of hypoglycemia and hyperglycemia in the patient after car-
diac surgery, a more thorough evaluation of patients with
hypoglycemia at risk for adverse outcomes would be of
value. Our objective was to elucidate the relationship be-
tween postoperative hypoglycemia and outcomes by ac-
counting for the underlying cause of hypoglycemia. We
hypothesized that patients who had noniatrogenic and iatro-
genic hypoglycemia would have vastly different baseline
characteristics and postoperative outcomes, and that pa-
tients with purely iatrogenic hypoglycemia would have no
increased risk of postoperative morbidity and mortality
relative to patients who were normoglycemic.

METHODS
Study Design and Patient Population

We performed a retrospective review of all adult cardiac surgery pa-
tients at a single institution between the years of 2016 and 2021. Patients
were excluded if they were not admitted to the cardiovascular ICU or
had no linked record in the institutional STS database. Blood glucose mea-
surements for the duration of each patients’ ICU stay were analyzed, and
patients were dichotomized into 2 groups: hypoglycemic if they had 1 or
more blood glucose measurement less than 70 mg/dL at any point during
their ICU stay and normoglycemic otherwise. Manual chart review of the
hypoglycemic cohort was then undertaken to identify erroneous glucose
measurements and identify the underlying source of hypoglycemia. Mea-
surements were considered to be erroneous if another blood glucose mea-
surement was taken within 30 minutes of the hypoglycemic measurement,
was greater than 70 mg/dL, and differed by at least 15 mg/dL from the
initial sample. Hypoglycemia was considered to be noniatrogenic if the pa-
tient had evidence of underlying liver failure, adrenal insufficiency, sepsis,
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or shock. Hypoglycemia was considered to be iatrogenic in instances in
which the insulin infusion was continued while the patient was nil per os
or had enteric feeds held, where the insulin infusion protocol was violated,
or if none of the criteria for noniatrogenic hypoglycemia was met. The
study design and methods for data collection were approved by the Johns
Hopkins Institutional Review Board (IRB00309193, December 14,
2021), and need for informed consent was waived because of the retrospec-
tive nature of the study.

Data Definitions and Outcomes

Patient demographics were collected, including age, sex, and race. Co-
morbidities were collected and were analyzed as binary variables,
including hypertension, dyslipidemia, diabetes, heart failure, liver disease,
and peripheral artery disease. In order to establish baseline renal and car-
diac function, preoperative creatinine, ejection fraction, and the presence
or absence of previous myocardial infarction were all collected. Need for
perioperative mechanical circulatory support (extracorporeal membrane
oxygenation [ECMOY], intra-aortic balloon pump [IABP]) and presence
or absence of infective endocarditis were collected as surrogate markers
of critical illness. Operative metrics, including case urgency (elective,
emergent, emergent salvage, urgent), procedure category (coronary artery
bypass grafting, valve, coronary artery bypass grafting/valve, aorta), and
cardiopulmonary bypass time were also included.

The primary outcome of interest was in-hospital mortality. All STS ma-
jor morbidities were collected and analyzed as secondary outcomes,
including prolonged ventilation (intubation longer than 24 hours), deep
sternal wound infection, permanent stroke, renal failure, and reoperation
(for any cardiac reason). Additional outcomes of interest included hospital
and ICU (initial and total) length of stay, pneumonia, and sepsis.

Statistical Methods

Demographics, comorbidities, operative details, and outcomes were
compared between patients who were normoglycemic, iatrogenic hypogly-
cemic, and noniatrogenic hypoglycemic using Pearson 2, analysis of vari-
ance, or Kruskal-Wallis testing, as appropriate. For variables with
significant differences on the omnibus test, pairwise comparisons were sub-
sequently performed using the Pearson x’test for categorical variables and
Student ¢ test or Dunn’s test for continuous variables. Multivariable logistic
regression was then used to separately analyze the relationship between iat-
rogenic hypoglycemia and major morbidity or mortality and between non-
iatrogenic hypoglycemia and major morbidity or mortality, with patients
who were normoglycemic as the reference group. Covariates were selected
a priori based on clinical knowledge and a literature review of potential
confounders. Performance was assessed by the c-statistic and goodness
of fit was tested using the Hosmer-Lemeshow method. All statistical anal-
ysis was performed using STATA/IC 17.0 (StataCorp LLC).

RESULTS

A total of 5373 patients were included (Figure 1), of
whom 5106 (95%) were normoglycemic and 267 (5%)
were hypoglycemic. Most patients who were hypoglyce-
mic (63%) had an iatrogenic cause. Compared with pa-
tients with noniatrogenic hypoglycemia, patients with
iatrogenic hypoglycemia were more likely to be undergo-
ing elective surgery (25.9% vs 18.8%, P = .045), were
less likely to have a previous myocardial infarction
(37.4% vs 48.9%, P = .022), less likely to require
ECMO (8.0% vs 49.3%, P <.001), less likely to require
IABP placement (22.0% vs 55.6%, P < .001), and had
shorter cardiopulmonary bypass times (median 126 vs
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FIGURE 1. Consolidated Standards of Reporting Trails (CONSORT) flow diagram of the study population. /CU, Intensive care unit; ST, Society of

Thoracic Surgeons.

141 minutes, P <.001) compared with patients with non-
iatrogenic hypoglycemia.

When compared with patients with normoglycemia, pa-
tients with iatrogenic hypoglycemia were less likely to be
White (62.7% vs 70.9%, P = .001), more likely to be Black
(30.1% vs 18.7%, P = .002), and were more comorbid,
with a greater prevalence of diabetes (43.4% vs 33.4%,
P = .007) and peripheral artery disease (13.3% vs 8.4%,
P = .027). Pre-existing renal and myocardial dysfunction
were more likely to be present in the iatrogenic hypoglyce-
mia cohort, with a slightly greater preoperative creatinine
(1.2 vs 1.0, P <.001), lower preoperative ejection fraction
(55% vs 58%, P <.001), and greater prevalence of baseline
heart failure (66% vs 38.4%, P <.001) than in patients who
were normoglycemic. Case urgency was more likely to be
emergent (13.3% vs 5.9%, P <.001) or urgent (59.6% vs
45.1%, P <.001), and cardiopulmonary bypass time was
longer (126 vs 106 minutes, P <.001).

When we compared patients with noniatrogenic hypogly-
cemia with patients with normoglycemia (Table 1), patients
with noniatrogenic hypoglycemia had a similar pattern to
the iatrogenic cohort. They were less likely to be White
(59.6% vs 70.9%, P = .014) and more likely to be Black
(27.7% vs 18.7%, P = .028). They were also more likely
to have preexisting diabetes (46.3% vs 33.4%, P = .008)
or peripheral artery disease (16.8% vs 8.4%, P = .003)
and had worse underlying renal, hepatic, and cardiac func-
tion, as evidenced by a greater median preoperative

creatinine (1.1 vs 1.0, P = .004), greater prevalence of base-
line liver disease (14.6% vs 4.8%, P <.001), and lower pre-
operative ejection fraction (54% vs 58%, P = .002). Case
urgency was less likely to be elective (18.8% vs 47.8%,
P < .001), patients were more likely to require ECMO
(49.3% vs 5.5%, P <.001) or IABP (55.7% vs 14.1%,
P <.001) support, and bypass time was significantly longer
(141 vs 106 minutes, P <.001).

In unadjusted bivariate analysis, outcomes were worse
for both patients with noniatrogenic and iatrogenic hypo-
glycemia when compared with patients who were normo-
glycemic (Table 2). Patients with noniatrogenic
hypoglycemia had a greater prevalence of stroke (11.5%
vs 5.3%, P = .009), pneumonia (18.8% vs 7.3%,
P <.001), prolonged ventilation (90.6% vs 26.7%), renal
failure (55.2% vs 9.4%, P <.001), and wound infection
(5.3% vs 1.8%, P = .015). They also had longer initial
(174 vs 45, P <.001) and total (201 vs 46, P <.001) ICU
length of stay and greater 30-day mortality (76% vs
4.2%, P <.001). Patients with iatrogenic hypoglycemic ex-
hibited the same patterns, with the exception of stroke
(7.9% vs 5.3%, P = .20) and wound infection (3.7% vs
1.8%, P = .090), which showed no significant difference
between the 2 groups. When directly comparing outcomes
between patients with iatrogenic and noniatrogenic hypo-
glycemia, however, the magnitude of major morbidity and
mortality was less severe in those with iatrogenic hypogly-
cemia (Figure 2); although both groups had worse
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TABLE 1. Baseline characteristics of patients who underwent cardiac surgery stratified by the presence and cause of ICU hypoglycemia

Normoglycemic Iatrogenic Noniatrogenic
Variables (n = 5106) hypoglycemia (n = 169) hypoglycemia (n = 98) P value

Age,y 63 (54-71) 62 (51-71) 66 (55-73) .093
Female 1608 (31.5) 50 (30.1) 38 (39.6) .19
Body mass index* 28.0 (24.5-32.1) 26.7 (23.4-31.0) 28.2 (24.2-34.0) .04+
Race* .01

White 3605 (70.9) 96 (62.7) 56 (59.6)

Black 949 (18.7) 46 (30.1) 26 (27.7)

Asian 254 (5.0) 10 (6.5) 8 (8.5)

Native American 19 (0.4) 1 (0.6) 0 (0.0)

Other 260 (5.1) 10 (6.5) 4(4.3)
Comorbidities

Hypertension 3661 (71.9) 118 (71.1) 75 (78.1) 54

Heart failure™ 1270 (38.4) 66 (66.0) 44 (69.8) <.001f

Dyslipidemia* 2620 (65.7) 79 (52.3) 44 (58.7) <.0017

Diabetes*1 1701 (33.4) 72 (43.4) 44 (46.3) .0037

Liver disease™*} 244 (4.8) 17 (11.3) 12 (14.6) <.001t

Peripheral artery disease™: 426 (8.4) 22 (13.3) 16 (16.8) 0027
Preoperative creatinine™} 1.0 (0.9-1.2) 1.2 (1.0-1.6) 1.1 (0.9-1.8) <.001+
Ejection fraction*} 58 (48-63) 55 (37-63) 54 (33-63) <.0017
Previous myocardial infarctionf§ 1614 (32.6) 61 (37.4) 44 (48.9) .0067
Endocarditis* 223 (4.4) 24 (15.9) 6 (7.3) <.001f
Status*1§ <.0017

Elective 2441 (47.8) 43 (25.9) 18 (18.8)

Emergent 302 (5.9) 22 (13.3) 13 (13.5)

Emergent salvage 60 (1.2) 2(1.2) 5(5.2)

Urgent 2302 (45.1) 99 (59.6) 60 (62.5)
Procedure

CABG 2686 (52.7) 72 (47.7) 48 (58.5) 27

Valve* 1701 (33.4) 70 (46.4) 31 (37.8) .0031

CABG/valve* 393 (7.7) 23 (15.2) 16 (19.5) <.001t

Aorta 484 (9.5) 19 (12.6) 10 (12.2) .33
Bypass time, min*1§ 106 (78-146) 126 (85-171) 141 (93.5-187.5) <.0017}
Mechanical circulatory support

ECMO1§ 222 (5.5) 11 (8.0) 37 (49.3) <.001f

TABP*#i§ 583 (14.1) 31 (22.0) 45 (55.6) <.001t
Lowest glucose™ 100 (87-114) 62 (52-68) 55 (45-62) <.001+
Number of glucose measurements*§ 21 (13-39) 69 (41-138) 127 (78-22) <.0017

Data are presented as mean (standard deviation), median (interquartile range), or n (%). CABG, Coronary artery bypass grafting; ECMO, extracorporeal membrane oxygenation;
TABP, intra-aortic balloon pump; ICU, intensive care unit. *Comparison of patients who were normoglycemic and iatrogenic hypoglycemic (P <.05). {P <.05. {Comparison of
patients who were normoglycemic and noniatrogenic hypoglycemic (P <.05). §Comparison of patients who were iatrogenic and noniatrogenic hypoglycemic (P <.05).

postoperative outcomes compared with patients who were
normoglycemic, patients with iatrogenic hypoglycemia
had a lower prevalence of prolonged ventilation (54.3%
vs 90.6%, P = .032), renal failure (24.4% vs 55.2%,
P = .015), and sepsis (15.7% vs 41.7%, P = .007)
compared with patients with noniatrogenic hypoglycemia.
Patients with iatrogenic hypoglycemia also had a shorter
initial and total ICU length of stay (initial: 118 vs 174 hours,
P <.001; total: 133 vs 201 hours, P <.001) and a shorter
total length of stay (19 vs 29 days, P <.001).
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After we adjusted for age, case urgency, cardiopulmonary
bypass time, preoperative diabetes, and preoperative creati-
nine, most of these relationships persisted (Table 3). Both iat-
rogenic and noniatrogenic hypoglycemia were associated
with greater odds of renal failure, prolonged ventilation, re-
operation, and prolonged ICU and total length of stay. Even
S0, patients with noniatrogenic hypoglycemia had a substan-
tially greater odds of these major morbidities relative to
patients with iatrogenic hypoglycemia. For example, whereas
patients with noniatrogenic hypoglycemia had 25.9 times
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TABLE 2. Postoperative outcomes of patients who underwent cardiac surgery stratified by the presence and cause of ICU hypoglycemia

Normoglycemic Iatrogenic hypoglycemia Noniatrogenic hypoglycemia

Outcomes (n = 5106) (n = 169) (n = 98) P value
Mortality, 30-d* {1 215 (4.2) 14 (8.4) 75 (76.0) <.001§
Strokef 270 (5.3) 13 (7.9) 11 (11.5) .010§
Pneumonia™{ 373 (7.3) 27 (15.7) 18 (18.8) <.001§
Reoperation*{ 232 (4.6) 42 (17) 11 (40.7) <.001§
Prolonged ventilation* 1363 (26.7) 92 (54.3) 89 (90.6) <.001§
Renal failure*{{ 480 (9.4) 41 (24.4) 54 (55.2) <.001§
Renal failure requiring dialysis*t1 357 (7.0) 37 (22.0) 51 (52.1) <.001§
Wound infectionf 92 (1.8) 6 (3.7) 5(5.3) .022§
Deep*t 21 (0.4) 3 (1.8) 2(2.1) .022§

Superficial 46 (0.9) 2(1.2) 2 (2.1) .52
Sepsis*fi 194 (3.8) 26 (15.7) 41 (41.7) <.001§
Initial ICU hours* {1 45 (24-89) 118 (64-180) 174 (95-426) <.001§
Total ICU hours*f{ 46 (24-93) 133 (77-263) 201 (116-529) <.001§
ICU readmission* {1 286 (5.6) 36 (21.7) 15 (15.6) <.001§
Total LOS*7{ 9 (6-14) 19 (10-34) 29 (11-62) <.001§

Data are presented as median (interquartile range) or n (%). ICU, Intensive care unit; LOS, length of stay. *Comparison of patients who were normoglycemic and iatrogenic
hypoglycemic (P <.05). fComparison of patients who were normoglycemic and noniatrogenic hypoglycemic (P <.05). {Comparison of patients who were iatrogenic and non-

iatrogenic hypoglycemic (P <.05). §P <.05.

greater odds of prolonged ventilation (odds ratio [OR], 25.9;
confidence interval [CI], 12.6-53.3), patients with iatrogenic
hypoglycemia had only 2.8 times greater odds of prolonged
ventilation (OR, 2.79; CI, 1.87-4.16) relative to patients
with normoglycemia. Furthermore, although patients with
noniatrogenic hypoglycemia had 68.6 times greater odds of
30-day mortality than patients who were normoglycemic
(OR, 68.6; CI, 39.5-119), the odds of mortality in iatrogenic
hypoglycemia were not statistically significantly greater than
patients who were normoglycemic in an adjusted analysis
(OR, 1.45; CI, 0.77-2.73).

DISCUSSION

Our objective was to elucidate the relationship between
postoperative hypoglycemia and adverse outcomes in car-
diac surgery after accounting for the underlying source of
hypoglycemia. We found that both patients with noniatro-
genic and iatrogenic hypoglycemia are profoundly different
from patients who were normoglycemic at baseline, with
more comorbidities, longer cardiopulmonary bypass times,
and greater case urgency. Hypoglycemia was associated
with increased postoperative morbidity regardless of etiol-
ogy, but the morbidity and mortality of patients with purely

Postoperative Outcomes in Cardiac Surgery Patients Stratified by
Presence and Cause of Hypoglycemia
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FIGURE 2. Postoperative outcomes in cardiac surgery stratified by the presence and cause of hypoglycemia.
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TABLE 3. Regression analysis of postoperative outcomes stratified by presence and cause of ICU hypoglycemia
Noniatrogenic
Outcome Iatrogenic hypoglycemia hypoglycemia
Mortality 1.5 (0.8-2.7) 68.6 (39.5-119.0)*
Renal failure 3.2 (2.0-5.2)* 13.3 (8.2-21.6)*
Prolonged ventilation 2.8 (1.9-4.2)* 25.9 (12.6-53.3)*
Deep sternal wound infection 3.6 (1.0-12.9)* 3.8 (0.8-18.2)
Reoperation for bleeding 2.0 (1.3-3.2)* 3.0 (1.8-4.9)*
ICU readmission 3.5 (2.3-5.2)* 1.7 (0.9-3.2)
Prolonged ICU LOS 6.0 (4.1-8.9)* 18.0 (8.2-39.7)*
Prolonged total LOS 3.7 (2.6-5.3)* 9.4 (5.2-17.2)*
Stroke 1.4 (0.7-2.8) 1.6 (0.8-3.3)

Data are presented as odds ratio (95% confidence interval). Adjusted for age, case urgency, cardiopulmonary bypass time, preoperative diabetes, and preoperative creatinine. /CU,

Intensive care unit; LOS, length of stay. *P <.05.

iatrogenic hypoglycemia was dramatically attenuated
compared with patients with noniatrogenic hypoglycemia
(Figure 3). These findings emphasize the importance of
excluding confounding conditions such as liver disease
and sepsis when evaluating the association between hypo-
glycemia and postoperative outcomes and suggest that the
risks of tight postoperative glycemic control in the average
cardiac surgery patient may be less substantial than previ-
ously thought.

Risk Factors for Postoperative Hypoglycemia

We hypothesized that patients with iatrogenic hypoglyce-
mia would have comparable baseline characteristics and post-
operative outcomes compared with patients who were
normoglycemic, but this was not the case. Even before their
postoperative recovery, patients with iatrogenic hypoglyce-
mia were fundamentally different than patients who were
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normoglycemic. Patients with iatrogenic hypoglycemia had
lower body mass index, a greater prevalence of diabetes
and peripheral artery disease, worse baseline renal and
myocardial function, and a greater prevalence of IABP place-
ment. Similarly, previous single-institutional analyses of pa-
tients who were hypoglycemic versus normoglycemic
undergoing cardiac surgery have noted a greater incidence
of diabetes, renal failure, older age, and hypertension in pa-
tients who were hypoglycemic.”'® These findings collec-
tively suggest that patients with comorbidity or patients
with greater disease acuity have a greater predisposition to
postoperative hypoglycemia on insulin infusions that are
otherwise appropriately protocoled, even if they do not prog-
ress to overt cardiogenic shock, liver failure, or sepsis.
Further supporting this hypothesis, we noted a
substantially greater prevalence of reoperation in the hypo-
glycemic cohorts, with a shocking 41% of patients with
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Accounting for Concomitant Disease in Hypoglycemic Cardiac Surgery Patients: An Adjusted Analysis of

Postoperative Outcomes

OBJECTIVE METHODS

Sevies SRS Patients stratified into 3 groups:

demonstrated an
association between
postoperative
hypoglycemia and
adverse outcomes but
none have accounted for
the cause of hypoglycemia | 3

other clear cause)

1 Normoglycemic (glucose never <70 mg/dL)

Non-iatrogenic hypoglycemic (1+ blood
2 glucose <70 mg/dL with underlying liver
failure, shock, or adrenal insufficiency)

latrogenic hypoglycemic (1+ blood glucose
<70 mg/dL with insulin infusion continued while
NPO, insulin infusion protocol violated, or no

RESULTS
Compared to normoglycemic patients:

Non-iatrogenic hypoglycemic patients:

* 69x greater odds of mortality

* 26x greater odds of prolonged
ventilation

¢ 13x greater odds of renal failure

latrogenic hypoglycemic patients:

* NO increased odds of mortality

* 3x greater odds of prolonged
ventilation

* 3x greater odds of renal failure

Conclusion: All hypoglycemia was associated with increased postoperative morbidity, but this was attenuated in iatrogenic hypoglycemia

FIGURE 3. Summary of study design and results in an analysis of cardiac surgery patients with and without postoperative hypoglycemia. NPO, Nil per os.
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noniatrogenic hypoglycemia and 17% of patients with iat-
rogenic hypoglycemia undergoing reoperation for bleeding
during their index hospitalization, compared with less than
5% of patients with normoglycemic. It is possible that the
hypoglycemic events noted in these patients are a marker
of their underlying critical illness and reflect insulin hyper-
responsiveness and glycemic lability from glucose dysregu-
lation. Indeed, multiple studies have described the
dysregulation of endogenous glucose production that oc-
curs in times of stress,!”"!” with worse outcomes noted in
critically ill patients with high glycemic variability.”" >

OUTCOMES OF PATIENTS WITH
POSTOPERATIVE HYPOGLYCEMIA

Similar to the existing literature,’ 1516 e observed sub-
stantial differences in postoperative morbidity and mortal-
ity for patients who were hypoglycemic as a whole when
compared with patients who were normoglycemic. Regard-
less of the cause, there was a greater incidence of mortality
and nearly all major morbidities for patients who were hy-
poglycemic in an unadjusted analysis. However, after we
adjusted for confounders and accounting for the underlying
cause of hypoglycemia, there was no increased mortality in
patients with iatrogenic hypoglycemia compared with pa-
tients who were normoglycemic. This observation is
corroborated by a retrospective study performed by Stamou
and colleaugues,'® wherein the authors demonstrated
similar postoperative survival in patients who were hypo-
glycemic after propensity score matching. A nonpropensity
score—matched analysis performed by Johnston and col-
leagues’ demonstrated greater mortality in patients who
were hypoglycemic, but this relationship was minimal in
patients with only 1 hypoglycemic episode, as opposed to
being substantially greater in patients with more than 1 hy-
poglycemic episode. Given the pervasiveness of hypoglyce-
mia in sepsis and liver failure compared with the transient
process of iatrogenic hypoglycemia from insulin infu-
sion,” ~’ our noniatrogenic hypoglycemia population is
likely comparable with the population with more than 1
hypoglycemic episode in the study from Johnston and
colleagues.” The collective implication of these studies is
that although hypoglycemia is associated with increased
mortality, this relationship is unlikely to be causal in nature.

We expected that patients with purely iatrogenic hypo-
glycemia would have comparable risks of major morbidity
relative to patients who were normoglycemic, but this was
not the case. Even after adjusting for potential confounders,
both iatrogenic and noniatrogenic hypoglycemia were asso-
ciated with greater odds of renal failure, prolonged ventila-
tion, deep sternal wound infection, reoperation, prolonged
ICU length of stay, and prolonged total length of stay. These
results are consistent with the existing literature, which has
reliably demonstrated a relationship between hypoglycemia

and postoperative morbidity.”'>'® It is worth mentioning,

however, that the incidence of major morbidity was sub-
stantially lower in patients with iatrogenic hypoglycemia
when compared with those with noniatrogenic hypoglyce-
mia, suggesting that the independent risks of tight postoper-
ative glycemic control with insulin infusion may be lower
than previously thought.

IMPLICATIONS AND FUTURE DIRECTIONS

These findings have important implications for the glyce-
mic management of cardiac surgery patients in the postoper-
ative period. The ideal blood glucose target continues to be
elusive, as clinicians balance the risks of both hypo- and hy-
perglycemia. At our institution, nearly 14% of blood glucose
values are greater than 180 mg/dL, despite targeting a blood
glucose range of 100 to 140 mg/dL (Figure 4). Furthermore,
despite this target, 68% of patients have at least 1 blood
glucose greater than 180 mg/dL, and 46% have at least 1
blood glucose greater than 200 mg/dL. Hyperglycemia is
associated with an increased risk of mortality, deep sternal
wound infections, renal failure, postoperative stroke, and pro-
longed hospital stay,''"'***** and in our trepidation toward
hypoglycemia, we may be inadvertently increasing our
incidence of hyperglycemic events.

Tight postoperative glycemic control has fallen out of
favor since publication of the Normoglycemia in Intensive
Care Evaluation—Survival Using Glucose Algorithm
Regulation (NICE-SUGAR) trial, which demonstrated
increased mortality for patients with a blood glucose target
of 80 to 110 mg/dL. compared with a blood glucose target of
<180 mg/dL.”” The generalizability of the NICE-SUGAR
study to the cardiac surgery population is questionable,
however; patients were only included in the NICE-
SUGAR trial if their expected ICU length of stay was 3
or more consecutive days, which does not describe most
of the cardiac surgery population. Within cardiac surgery
specifically, the most robust evidence for tight glycemic
control comes from the Randomized Controlled Trial of
Intensive Versus Conservative Glucose Control in Patients

20
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0 200 400 600 800
Blood glucose (mg/dL)

FIGURE 4. Histogram of blood glucose values for patients who under-
went cardiac surgery in the intensive care unit. NPO, Nil per os.
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(GLUCO-CABG) trial, which demonstrated fewer postop-
erative complications in patients without diabetes who
were managed with a target glucose of 100 to 140 mg/dL
compared with a target glucose of 141 to 180 mg/dL,”’ a
benefit that incidentally was not observed in the population
with diabetes in this study.

The selective benefit of tight glucose control in the
GLUCO-CABG trial coupled with the observations from our
study suggest that insulin infusion protocols that target specific
blood glucose ranges might improve outcomes if they were
more patient-specific. Given the predisposition to hypoglyce-
mia observed in patients with lower body mass index, greater
case urgency, and baseline renal dysfunction, perhaps these pa-
tients would benefit from a more liberal blood glucose target.
Similarly, given the high risk for hypoglycemia in patients with
sepsis and/or liver failure, there may be benefit to adjusting
their blood glucose targets when facing these complications.
Indeed, in the noncardiac surgery population, Waeschle and
colleagues” have demonstrated greater rates of hypoglycemia
and increased mortality in septic patients with tight glycemic
control. As we venture further into the era of personalized
medicine, predictive studies aimed at identifying patients at
greatest risk of postoperative hypoglycemia and prospective
studies investigating the ideal blood glucose range based on
these patient-specific factors would be of great value.

LIMITATIONS

This study had several limitations. First of all, determina-
tion of the cause of hypoglycemia was based on a manual chart
review and was therefore susceptible to miscategorization. In
some cases, documentation of the clinical scenario surround-
ing the hypoglycemic episode was unclear. In these instances,
the reviewer used their best clinical judgment to determine the
most likely underlying cause of hypoglycemia. Second, we
did not separately analyze patient outcomes on the basis of
presence and quantity of hyperglycemic events, which limits
the conclusions we can draw regarding ideal postoperative
blood glucose range. Furthermore, this was a purely retrospec-
tive study and is inherently susceptible to unmeasured con-
founders. Finally, this was a single-institutional study and
may be limited in its generalizability to other institutions.

Despite these limitations, this study is the first attempt to
describe preoperative characteristics and postoperative out-
comes of patients who are hypoglycemic on the basis of the
underlying source of hypoglycemia. When diseases or condi-
tions that are known to cause hypoglycemia are excluded, the
morbidity and mortality from iatrogenic hypoglycemia re-
sulting from therapeutic glycemic control after cardiac sur-
gery appear to be substantially less. Therefore, when
attempting to evaluate the risks and benefits of tight glycemic
control for reducing postoperative morbidity and mortality,
future studies should exclude patients with diseases or condi-
tions that may directly result in hypoglycemia and therefore

330 JTCVS Open * December 2024

hypoglycemic episodes that are not a consequence of thera-
peutic glycemic control. Iatrogenic hypoglycemia was not
associated with increased mortality in this analysis, suggest-
ing that the risks of tight glycemic control may not be as sub-
stantial as previously thought.
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