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Abstract

Objective Acute kidney injury (AKI) after cardiac surgery is associated with serious complication and high risk of mor-
tality. The relationship between hemostatic system and the prognosis of patients with acute type A aortic dissection
(ATAAD) has not been evaluated. The purpose of this study was to investigate the association between preoperative
serum fibrinogen level and risk of postoperative AKI in patients with ATAAD.

Methods A total of 172 consecutive patients undergoing urgent aortic arch surgery for ATAAD between April 2020

and December 2021 were identified from Beijing Anzhen Hospital aortic surgery database. The primary outcome was
postoperative AKl as defined by the Kidney Disease Improving Global Outcomes (KDIGO) criteria. The univariate and mul-
tivariate logistic regression analysis were done to assess the independent predictors of risk for postoperative AKI. Receiver
operating characteristic (ROC) curve was generated to evaluate the predictive probabilities of risk factors for AKI.

Results In our study, 51.2% (88/172) patients developed postoperative AKI. Multivariate logistic regression analysis
identified low preoperative serum fibrinogen level (OR, 1.492; 95% Cl, 1.023 to 2.476; p=0.021) and increased body
mass index (BMI) (OR, 1.153; 95% Cl, 1.003 to 1.327; p=0.046) as independent predictors of postoperative AKl in
patients with ATAAD. A mixed effect analysis of variance modeling revealed that obese patients with low preoperative
serum fibrinogen level had higher incidence of postoperative AKI (p=0.04). The ROC curve indicated that low preop-
erative serum fibrinogen level was a significant predictor of AKI [area under the curve (AUC), 0.771; p<0.001].

Conclusions Low preoperative serum fibrinogen level and obesity were associated with the risk of postoperative AKI
in patients with ATAAD. These data suggested that low preoperative serum fibrinogen level was preferred marker for
predicting the postoperative AKI, especially in obese patients with ATAAD.
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Introduction

Acute kidney injury (AKI) is an adverse postoperative
complication of cardiac surgery which is independently
associated with a longer hospital stay and higher risk of
mortality [1-3]. Despite improved perioperative man-
agement and surgical techniques, the patients with acute
type A aortic dissection (ATAAD) who underwent urgent
total arch replacement (TAR) combined with a frozen
elephant trunk (FET) implant generally still had an high
risk of postoperative AKI [3-5]. Although there were
some well-defined and effective strategies for both pre-
vention and treatment of AKI, postoperative AKI was
still recognized as a frequent and serious complication
in aortic surgery. Therefore, early recognizing and iden-
tification for relevant risk factors of AKI preoperatively
in patients with ATAAD provides an opportunity for sur-
geon to optimize high risk patients and to initiate preven-
tative and therapies.

As the final substrate in the coagulation cascade and
the ligand of platelet glycoprotein IIb/IIla receptors,
fibrinogen is conventionally used as the standard replace-
ment in many European countries for managing post-
operative bleeding [6, 7]. However, fibrinogen is also
related to other medical conditions, including systemic
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inflammation and AKI [8]. For these reasons, we con-
ducted a retrospective cohort study to investigate the
relationship between preoperative serum fibrinogen level
and AKI in patients with ATAAD using a multivariate
logistic regression model containing all known associated
major perioperative predictors.

Methods

Patient population

A total of 172 patients with ATAAD from Beijing Anzhen
Hospital aortic surgery database who underwent urgent
aortic TAR combined with a FET implant with cardiopul-
monary bypass (CPB) between April 2020 and December
2021 were included in this analysis. Exclusion criteria
included preoperative renal replacement therapy (RRT),
incomplete clinical data and the conditions that impact
fibrinogen level expressions (e.g., liver function disorder
or coagulation/blood dysfunction). Patients who died
intraoperatively or within 24 h postoperatively were also
excluded because no meaningful data were available for
the evaluation of postoperative AKI (Fig. 1). The study
was approved by the institutional review board and the
need for individual patient consent waived.

A total of 197 patients with ATAAD
who underwent urgent aortic TAR
combined with a FET implant between
April 2020 and December 2021

Patients excluded
9 patients with preoperative renal

Patients excluded
6 patients with abnormal liver

function <
3 patients with coagulation
dysfunction

replacement therapy (RRT) before
surgery

Patients excluded
4 patients died intraoperatively or

\ 4

»| within 24 hours postoperatively

3 patients with incomplete

information

analysis

172 patients were included

in the

Fig. 1 Flow diagram of the screening and enroliment of study patients
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Study design

In this single-center retrospective study, we analyzed the
preoperative characteristics, operative details and post-
operative outcomes of 172 consecutive patients (124
men and 48 women; age range, 27-75 years; average age,
48.4+5.7 years) with ATAAD underwent TAR com-
bined with a FET implant at Beijing Anzhen Hospital.
The primary endpoint of this study was to evaluate the
incidence and risk factors of postoperative AKI. ATAAD
was diagnosed by enhanced computed tomography scan
and aortic valve regurgitation was confirmed by echocar-
diography. Renal malperfusion was diagnosed as at least
one renal artery dissection with creatinine rise above 50%
of the normal upper limit [9]. The postoperative AKI was
defined based on the Kidney Disease Improving Global
Outcomes (KDIGO) criteria [10, 11]. All procedures
were performed by the same surgery team. Trained staff
collected detailed data from recruited patients from the
electronic medical records at our medical center.

Surgical procedures

Standard anesthetic management was used with endotra-
cheal intubation. The procedure refers to total arch
replacement using a tetra-furcate vascular graft in com-
bination with the implantation of a special stented graft
into the descending aorta. Briefly, the procedure is per-
formed with right axillary artery cannulation for CPB
and antegrade cerebral perfusion [5-15 mL/(kg-min)]
under moderate hypothermic circulatory arrest (HCA).
After systemic heparinization (300 U/kg bodyweight and
maintaining an activated clotting time longer than 480 s),
CPB was established. During CPB, temperature-adjusted
flow rates of 2.5 L/(min-m?) were used, and the mean
arterial pressure was generally maintained between 50
and 70 mmHg. Our policy was to completely excise the
primary tear according to the extent of disruption in each
case. This procedure involves the implantation of a FET
into the descending aorta, TAR with a 4-branched vas-
cular graft, and a specific sequence for aortic reconstruc-
tion (proximal descending aorta, then left carotid artery,
ascending aorta, left subclavian artery, and finally innom-
inate artery). After completing distal anastomosis, CPB
was reinstituted, and the patient was gradually rewarmed
to a normal temperature after a 5-min period of cold rep-
erfusion for free radical washout. Proximal anastomosis
was then performed.

Statistical analysis

The normality of the data distribution was tested using
the Kolmogorov—Smirnov test. Data are expressed as the
mean =+ standard deviation (SD) for continuous data with
a normal distribution, as the median (25th percentile and
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75th percentile) for continuous data with a nonnormal
distribution, or numbers and percentages for categori-
cal values. For comparison, one-way analysis or the Wil-
coxon rank sum test was used for continuous variables,
and the chi-square test or Fisher’s exact test was used for
categorical variables. Logistic regression models were
used to identify univariate and multivariate predictors for
postoperative AKIL Univariate logistic regression analysis
was used first to identify possible risk factors for postop-
erative AKI, and the multivariate model included varia-
bles that were found significant in the univariate analysis.
In addition, to evaluate the effects of body mass index
(BMI) and preoperative serum fibrinogen level for post-
operative AKI, we created a mixed-effect analysis of vari-
ance model. The receiver operating characteristic (ROC)
curve was generated to evaluate the predictive probabili-
ties of risk factors for AKI using the area under the curve
(AUC), 95% confidence interval (CI), specificity, and
sensitivity. The optimal cutoff value was determined by
calculating the Youden index of the ROC curve. For all
analyses, a probability value of less than 0.05 was consid-
ered statistically significant. All statistical analyses were
performed using SPSS 18.0 (SPSS, Inc., Chicago, IL).

Results

Baseline characteristics

After the exclusion criteria were applied, the total study
cohort consisted of 172 consecutive patients with a mean
age of 48.4+5.7 years (range 27-75 years) in this study.
The demographic, preoperative, intraoperative, and post-
operative clinical data associated with AKI development
were summarized in Table 1. Of these patients, there 124
were male and 48 were female. As shown in Table 1, the
majority of patients with ATAAD had chest pain (93.9%)
as the predominant preoperative symptom. Hyperten-
sion was present in 131 of the 172 patients. The median
preoperative serum creatinine (sCr) was 79.5 (64.9, 99.9)
umol/L and average estimated glomerular filtration rate
(eGFR) was 86.34+16.7 mL/(min+1.73m?). The median
preoperative serum fibrinogen level for all patients was
3.0(2.2,4.1) g/L.

The incidence of postoperative AKI in our patient
population was 51.2% (88/172). Among the preopera-
tive characteristics, Table 1 showed that BMI were higher
in AKI group when compared to the non-AKI group
(p<0.001). There were no significant differences in pre-
operative laboratory tests between 2 groups expect for
serum fibrinogen level and platelet counts (p <0.001 and
p=0.02). Not surprisingly, although no significant differ-
ences were observed in the duration of aortic cross-clamp
and HCA, patients with AKI required longer operations
and CPB time when compared to patients with non-
AKI (p=0.007 and p=0.02). Among 172 patients with
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Table 1 Characteristics of the study patients with ATAAD at baseline

Characteristics Non-AKI (n=84) AKI (n=88) p value
Demographic data

Age, year 479+£109 488+£10.7 0.71
Male, % 62 (73.8) 62 (70.5) 0.73
BMI, kg/m? 25.0%4.1 281432 0.009
Medical history

Hypertension, % 64 (76.2) 67 (76.1) 0.96
Diabetes mellitus, % 2(24) 4(4.5) 0.59
Cerebrovascular disease, % 6(7.1) 4 (4.5) 061
Smoking history, % 32(38.1) 48 (54.5) 0.13
Marfan syndrome, % 6(7.1) 7 (8.0) 0.51
Preoperative condition

Alanine amino transaminase, U/L 325+36 296£55 0.63
sCr, umol/L 8234225 909+216 0.20
eGFR mL/(min-1.73m?) 894£12.1 858+13.6 0.36
LVEF, % 63.0+6.6 61.7+6.1 041
White blood cells, x 10%/mm? 105437 118437 0.10
Neutrophil, % 777186 81.0+£87 0.08
Hemoglobin, g/dL 1374£199 1378164 091
Platelet counts, x 10%/mm? 188.3+82.9 154.8+424 0.02
PLR 1723£1129 169.5£119.2 0.44
NLR 85457 98462 0.19
Serum fibrinogen level, g/L 38+17 27+11 <0.001
FDP, ug/mL 12.1(6.3,28.7) 22.8(14.9,43.9) 0.30
D-Dimer, ng/mL 1062 (581, 2650) 2284 (1036, 3145) 0.55
Kidney malperfusion, % 15(17.9) 10(114) 0.13
Aortic root size, mm 421493 389+47 0.10
Severe aortic regurgitation 34 (40.5) 42 (47.7) 0.50
Ascend aorta size, mm 459477 448463 0.53
Left ventricular ejection fraction, % 61.7+6.1 63.0+6.6 041
Operation details

Bentall + TAR+FET, % 24 (28.6) 32(364) 0.44
Combined with CABG, % 6(7.1) 6(6.8) 0.95
The duration of operation, hour 76+£16 86+16 0.007
CPB time, min 198.2+46.3 2255+612 0.02
Aortic cross clamp time, min 120.5+50.6 1304+376 0.31
The duration of HCA, min 269493 283481 0.45
Nasopharyngeal temperature, °C 225415 233+£22 0.05
Rectal temperature, °C 252420 257+£28 0.26
Postoperative outcomes

Length of ICU, day 15(1.0,3.8) 7.0(3.6,13.5) 0.001
Length of hospital, day 14 (10, 20) 16 (12,19) 0.97
In-hospital mortality, % 2(24) 16 (18.2) 0.02
Reoperation for bleeding, % 2(2.4) 14 (15.9) 0.03
Postoperative RRT, % 0 38(43.2) <0.001
Multi-organ failure, % 0 18 (20.5) <0.001
Sepsis, % 224 28(31.8) <0.001

Results are expressed as n (%), mean £ SD or median (interquartile range)

AKl acute kidney injury; ATAAD acute type A aortic dissection; BMI body mass index; CABG coronary artery bypass grafting; CPB cardiopulmonary bypass; eGFR

estimated glomerular filtration rate; FET frozen elephant trunk; FDP fibrinogen degradation products; HCA hypothermic circulatory arrest; ICU intensive care unit; LVEF
left ventricular ejection fraction; NLR neutrophil to lymphocyte ratio; PLR platelet to lymphocyte ratio; RRT renal replacement therapy; sCr serum creatinine; TAR total

arch replacement
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ATAAD, overall in-hospital mortality was 10.5% (18/172).
Among the postoperative characteristics, the postopera-
tive clinical outcome was complicated in patients with
AKI, with a higher rate of complications, such as longer
ICU stay, overall mortality rate, reoperation for bleed-
ing, sepsis, multi-organ failure and RRT (p=0.001, 0.02,
0.03,<0.001,<0.001 and < 0.001, respectively).

Univariate analysis for risk factors of postoperative AKI

On univariate analysis, preoperative characteristics asso-
ciated with a higher risk of postoperative AKI included
serum fibrinogen level, increasing BMI and platelet
counts (p<0.001, p=0.013, p=0.006, respectively). In
terms of operative variables, longer operation and CPB
time were associated with a higher incidence of postop-
erative AKI (p=0.018 and p=0.04) (Table 2).

Multivariate logistic regression analysis associated

with postoperative AKI

The risk factors for postoperative AKI found using mul-
tivariate logistic regression analysis are shown in Table 3.
A low preoperative serum fibrinogen level [odds ratio
(OR), 1.492; 95% CI, 1.023 to 2.476; p=0.021] and BMI
(OR, 1.153; 95% CI, 1.003 to 1.327; p=0.046) were still
identified as independent risk factors for postoperative
AKI in the multivariate logistic regression analysis.

To control for the potential independent effects of
ATAAD on renal function, a mixed effect analysis of
variance modeling was performed (Fig. 2). Similar to the
overall analysis, this mixed effect analysis of variance
modeling demonstrated obese patients with low preoper-
ative serum fibrinogen level had higher incidence of post-
operative AKI compared with normal BMI patients with
preoperative higher serum fibrinogen level (p =0.04).

Risk prediction for postoperative AKI

The ROC curves were used to determine the predic-
tive and cutoff values of risk factors for AKL. As shown
in Figs. 3 and 4, low preoperative serum fibrinogen level
(cut-off, 2.56, AUC, 0.771; sensitivity, 85.7%; specificity,

Table 2 Univariate analysis of risk factors associated with
postoperative AKl in patients with ATAAD

Risk factors OR 95% Cl p value

Preoperative serum fibrinogen level 2416 1.539-3.794 <0.001
BMI 1.180  1.036-1.343 0.013
Preoperative platelet counts 0986  0.976-0.996 0.006
The duration of operation 1439  1.065-1.943 0.018
CPBtime 1.009  1.001-1.019 0.040

AKl acute kidney injury; ATAAD acute type A aortic dissection; BMI body mass
index; C/ confidence interval; CPB cardiopulmonary bypass; OR odds ratio
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Table 3 Risk factors for postoperative AKl in patients with ATAAD
in multivariate logistic regression analysis

Risk factors for OR 95% Cl p value
postoperative AKI

Preoperative low serum 1492 1.023-2476 0.021
fibrinogen level

BMI 1.153 1.003-1.327 0.046

AKl acute kidney injury; ATAAD acute type A aortic dissection; BMI body mass
index; C/ confidence interval; OR odds ratio

61.4%; p<0.001) and BMI (cut-off, 25.77, AUC, 0.666;
sensitivity, 65.9%; specificity, 66.7%; p =0.008) were sig-
nificant predictors of postoperative AKI.

Discussion

The main finding of our study was that low preopera-
tive serum fibrinogen level was associated with the risk
of developing AKI after TAR combined with a FET, espe-
cially in obese patients. In multivariate logistic regres-
sion analysis, a low preoperative serum fibrinogen level
(<2.56 g/L) was associated with the risk of developing
AKI. The risk was about 1.49 fold higher in patients with
low preoperative serum fibrinogen level than in those
with a normal or higher fibrinogen level.

As indicated by many studies [3, 12, 13], postopera-
tive AKI has been recognized as a more frequent serious
complication in aortic surgery. Vekstein AM et al. [14]
and other studies [3, 4, 13] documented the incidence
of AKI following aortic surgery of 40%-60%, which was
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Fig. 4 Increasing BMI as predictive value of risk factor for
postoperative AKI in patients with ATAAD by ROC curve analysis

comparable to our finds. Considering that our study
cohort underwent emergent aortic TAR combined with
a FET implant as a result of ATAAD, the incidence of
postoperative AKI (51.2%) was not surprising. Consist-
ent with previous some studies [3, 4, 13—-15], patients
with AKI in the present analysis had more postoperative
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complications, such as prolonged hospital or ICU stays,
and a higher risk of perioperative mortality than patients
with normal kidney function.

Numerous studies aimed to identify risk factors of
postoperative AKI in cardiac surgery and some pre-
dictors [16—18] have been reported such as advanced
age, higher BMI, female, smoking history, hyperten-
sion, coronary artery disease, chronic obstructive pul-
monary disease (COPD), diabetes mellitus, congestive
heart failure, anemia, baseline kidney function, liver dis-
ease, hypotension, intra-aortic balloon pump, operation
time, CPB time, cross-clamp time, hemodilution, trans-
fusion load, hypothermia, and preoperative exposure to
angiotensin converting enzyme inhibitor/angiotensin
receptor blocker (ACEI/ARB). Nevertheless, despite the
high prevalence, the underlying mechanisms of postop-
erative AKI after surgery for ATAAD remains unclear. In
recent years, there have been considerable advances in
our understanding of AKI. The pathophysiology of AKI
is associated with hemodynamic perturbations, inflam-
matory, immunity, iron metabolism, free hemoglobin,
increased oxidative stress and associated inflammation
[17].

Systemic inflammation is the underlying pathophysio-
logical mechanism of surgery-associated AKI [19, 20]. In
addition, fibrinogen is playing an essential role not only
in hemostasis and coagulation, but in inflammation, tis-
sue injury, cell migration and cell expression [8]. A few
studies have found that serum fibrinogen level was asso-
ciated with cardiovascular risk factors or cardiovascu-
lar events [21, 22]. Celik et al. [23] and Hoffmann et al.
[24] reported that an elevated serum fibrinogen level was
associated with the occurrence and development of post-
operative AKI in patients undergoing percutaneous coro-
nary intervention and abdominal aortic aneurysm repair.

In cardiac surgery, for managing postoperative bleed-
ing, fibrinogen concentrate and its related products is
conventionally used as the standard replacement in many
European countries [6, 7, 25]. However, several studies
[26, 27] had found that a high preoperative fibrinogen
level in patients undergoing cardiac valve replacement
surgery or heart transplant was a risk factor for postop-
erative development of AKI. Elevated fibrinogen level
is associated with increased blood viscosity, which may
increase shear stress and damage endothelial function
[28]. The increase in blood viscosity induced by fibrino-
gen will lead to renal tubular hypoperfusion and hypoxia,
which cause AKI [29].

However, Jaesik Park et al. [30] found that the prob-
ability of postoperative AKI was two-fold higher in the
low fibrinogen group (<160 mg/dL) than in the normal
fibrinogen group in 676 patients who have undergone liv-
ing donor liver transplantation. Our result was consistent
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with this, patients in the current study with low pre-
operative serum fibrinogen level seemed to be more
vulnerable to AKI. So far, few studies investigated the
relationship between preoperative serum fibrinogen level
and the development of postoperative AKI in patients
with ATAAD.

In our studies, majority of patients with ATAAD exhib-
ited lower serum fibrinogen level than other cardiac sur-
gery, because ATAAD itself led to a systemic activation
of coagulation, possibly resulting in active consumption
coagulopathy, such as massive thrombin generation and
consumption of clotting factors, fibrinogen or platelets
[31]. As fibrinogen was impaired and consumed in false
lumen frequently observed in ATAAD, the preopera-
tive serum fibrinogen level often decreased, which could
increase the possibility of the development of postopera-
tive AKI. Therefore, unlike patients in previous studies in
which AKI was related to high fibrinogen level [26, 27],
in patients with ATAAD, low preoperative serum fibrin-
ogen level might be a risk factor for postoperative AKI.
Our results suggested that patients with low preoperative
serum fibrinogen level were more likely to develop AKI,
because ATAAD might be related to fibrinogen con-
sumption, which resulted in an inappropriate response to
inflammation. Moreover, low preoperative serum fibrin-
ogen level may be an early and easily measurable surro-
gate marker for the risk of postoperative AKI in patients
with ATAAD. Further understanding of the mechanism
of this association is crucial to the design of preventative
strategies.

The prevalence of obesity in Western countries is
increasing. In the USA, one third of the population is
obese, and two thirds are overweight [32]. It is well-
known that obesity is a multifactorial disorder which is
frequently accompanied by serious co-morbidity and
complications, including risk of severe cardiovascu-
lar diseases, respiratory diseases, AKI and all causes [5,
33, 34]. Obesity have been reported as predictors for
AKI in critical illness populations [35, 36]. Mechanisms
proposed for the obesity-AKI link include subclinical
chronic kidney disease, intraabdominal hypertension,
and alteration in baseline and evoked circulating inflam-
matory mediators and adipokines [35, 36]. Consistently,
we also found that obese patients are more likely to
develop postoperative AKI. In the present study, increas-
ing BMI showed a significant influence for postoperative
AKI in univariate analysis and multivariate regression
model.

Study limitations

Several potential limitations of the present study should
be discussed. First, the patient population collected for
investigation was relatively small and only in a single
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institution, with a relatively young age, and only included
the type of aortic TAR combined with a FET implant
surgery, which limited the applicability of our findings
to other settings. Second, we were unable to identify the
mechanisms underlying the association between low
fibrinogen level and the development of AKI. Because
fibrinogen may not simply reflect coagulation, but it
plays a key role in the acute phase response to multi-
tissue damage. Therefore, inflammation, coagulation and
fibrinolysis may be associated with the development of
AKI. However, it is difficult to determine whether those
processes are responsible for the development of AKI
Further studies are required to confirm the predictive
value of the fibrinogen level for AKI in ATAAD patients.
Third, despite the multivariate analysis, some potential
bias could have remained due to the retrospective study
design. Finally, additional prospective multicenter studies
addressing larger sample sizes and experimental studies
are necessary to verify our results.

Conclusions

In conclusion, we found that low preoperative serum
fibrinogen level was significantly associated with the risk
of AKI in patients with ATAAD in the present study. The
results suggested that low preoperative serum fibrinogen
level was preferred marker for predicting the postopera-
tive AKI, especially in obese patients with ATAAD. Thus,
we recommended that sufficient supplementation of
fibrinogen concentrate might improve coagulopathy and
decrease the risk of AKI in patients with ATAAD.
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