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Abstract

Introduction: The prognosis for patients admitted to emergency departments (ED) after drowning
or diving accidents is often uncertain. In this study, we evaluated a range of clinical and laboratory
parameters as potential predictors of survival. Many of these markers have previously been
investigated in the context of survival prediction in both trauma-related and non-trauma-related
clinical scenarios. Methods: We conducted a retrospective analysis of 25 patients aged >17 years who
were admitted to the ED of the University Hospital Leipzig after drowning or diving accidents
between 2012 and 2024. Clinical and laboratory parameters were compared between survivors and
nonsurvivors, with survival defined as discharge from the hospital. Results: Of all cases analyzed —
comprising 19 drowning and six diving incidents—10 patients (40%) survived, while 15 (60%) did
not. Age, sex, or etiology of the accident were not statistically associated with survival. Compared to
survivors, nonsurvivors were significantly more likely to have received prehospital cardiopulmonary
resuscitation (CPR; 20% vs. 86.7%) and to have exhibited lower Glasgow Coma Scale scores and lower
pH values (7.4 vs. 6.7). They were also more likely to have shown increased levels of lactate (4.3
mmol/l vs. 14.8 mmol/l), CK-MB quotient (9.7% vs. 51.8%), myoglobin (188.9 ug/l vs. 1930.9 ug/l),
and blood sugar (6.6 mmol/l vs. 14.3 mmol/l). Conclusions: The need for CPR appears to be the most
significant risk factor for not surviving a drowning or diving accident. Furthermore, selected
laboratory parameters, such as pH and lactate, may serve as tools for predicting survival in these
patients. Early decision-making regarding the continuation of CPR remains a critical and routine
challenge for ED teams. Our findings offer a rationale for future prospective studies, aiming to
incorporate additional clinical and biochemical markers and potentially develop new prognostic
scoring systems for patients following drowning or diving accidents.

Keywords: drowning; diving accidents; mortality; survival, emergency department; survival
prediction; prognostic markers

Key Points: This study examines the association between clinical and laboratory parameters and
survival in patients following drowning and diving accidents. A total of 25 cases from 2012 to 2024
were retrospectively analyzed. The results showed that patients who required CPR had significantly
poorer outcomes. Certain laboratory markers; such as pH and lactate levels; were closely related to
survival status in this patient group

1. Introduction

In 2024, the German Lifesaving Society reported 411 drowning-related deaths in Germany [1].
Worldwide, more than 500,000 deaths are caused by unintentional drowning each year [2]. Currently,
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there is no similar central registry for diving accidents in Germany [3]. However, the German
Association of Sports Divers reported 62 diving accidents in Germany in the year 2018 [4]. Other
European studies have also reported relatively low numbers of diving accidents; for example, a study
from Spain recorded only 25 cases over a 10-year period [5]. According to the German Resuscitation
Registry (GRR), 0.4% (approximately 42 cases) of all out-of-hospital reanimations in 2023 were related
to drowning accidents [6]. Unfortunately, most patients with clinically diagnosed decompression
sickness (DCS) are not monitored further, rendering data on the long-term outcomes of diving
accidents sparse and unreliable [3,7,8]. The lack of a consistent database representing both fatal and
nonfatal drowning incidents has been a central point of criticism [9].

The prognosis for these patients at hospital admission is often unclear and depends on several
factors. Diving accidents often result in DCS, which is caused by the formation of free inert gas
bubbles (e.g., nitrogen) during rapid ascent to the surface. The S2k guidelines categorize DCS
according to symptoms: mild cases present with symptoms such as skin irritation and fatigue, while
severe cases present with pain and neurological or/and cardiocirculatory symptoms [7,10].
Additionally, barotrauma of the lungs and arterial gas embolism can develop, both of which can be
fatal [7,11]. While several predisposing factors may lead to diving accidents and a generally different
pathology, the most common forensic cause of death assigned to fatal diving accidents is drowning
— as shown in numerous other studies [11,12,13,14] — which is why we decided to statistically group
and evaluate the two entities as one.

According to the current S2k guideline from March 2023 [10], the most important therapeutic
measure in diving accidents is the immediate administration of 100% oxygen, or hyperbaric oxygen
therapy (HBOT) in severe cases. The objective of emergency treatment for drowning- and diving-
related accidents is the rapid management of hypoxia to prevent permanent neurological damage
and loss of function [15]. Airway management, fluid resuscitation, and cardiopulmonary
resuscitation (CPR) according to the most recent guidelines may be necessary [7,10].

Upon admission to the emergency department (ED) at a hospital, the prognosis for patients who
have had drowning or diving accidents depends on the accident itself or the submersion time in the
case of drowning. Laboratory markers such as pH and lactate values, blood sugar, and heart enzymes
(troponin, myoglobin, and CK-MB quotient) may be important in predicting survival and for clinical
outcome. For example, blood sugar changes in trauma patients have been used to predict ED
mortality [16], which might also be applicable for evaluating outcomes in cases of drowning and
diving accidents. Similarly, the dynamics of lactate acidosis have been investigated as a potential
predictor of 30-day mortality in nontrauma patients following CPR [17]. Lactate acidosis itself is
associated with poor clinical outcomes, whether measured as a single value or as sustained
hyperlactatemia [18]. Heart enzymes such as troponin, CK-MB, and myoglobin are standard
laboratory markers used to diagnose acute myocardial infarction and ischemia, despite their clinical
relevance being continuously questioned and critically reviewed [19,20]. Many factors surrounding
drowning and diving, such as hypothermia, the diving reflex, and respiratory failure, can lead to
bradycardia, myocardial ischemia, and death by cardiac arrest [21].

In our study, we evaluated clinical and laboratory parameters that could be significant in
quantifying survival outcomes after drowning or diving accidents. Previous studies have examined
similar parameters, particularly lactate values, as prognostic markers for survival in both trauma and
nontrauma patients [17,18,22]. The primary objective of this study was to evaluate whether these
parameters were also associated with survival status after the incident in patients presenting with
drowning- or diving-related accidents in EDs.
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2. Methods

2.1. Study Design

In a retrospective study, we evaluated patients aged over 17 years who had been involved in
drowning or diving accidents and were admitted to the ED of the University Hospital of Leipzig
between 01.01.2012 and 31.12.2024.

2.2. Data Source and Variables

Patient data were retrieved from the electronic patient management system IS-H (Industry
Solutions Healthcare by SAP, version 618) using the relevant ICD-10 codes (International Statistical
Classification of Diseases and Related Health Problems, 10th Revision) for drowning: T75.1;
decompression sickness: T70.3; and diving accident: W16.

We obtained information on patients' age, sex, the type of accident they were involved in, and
their clinical and laboratory parameters (see Table 1 for an overview of these parameters). Patients
were classified as survivors or nonsurvivors based on their hospital discharge status, with survival
defined as discharge from the hospital and nonsurvival as in-hospital death.

We also evaluated cause of death in the nonsurvivor group.

Table 1. Clinical and laboratory parameters recorded in patients with drowning/diving accidents in the

emergency department.

Patient . Drowning /
characteristics Age lyrs] Sex [m/f] Survival [yes/no] Diving accident
Clinical parameters ’ nllmtzltsfd%g C] CPR? duration [ No-flow time?*[<5 Glasgow Coma
on admission I(’g . 37‘; 10 min/>10min]  min/>5min]  Scale (GCS)* (3-15)
Heart enzymes
[troponin in pg/ml
:raal::::et::}(,m Lactate [mmol/1] pH value Bl[(;;)i(s)il/glg]ar (<14), CK-MB
P . . (0.5-2.2) (7.36 - 7.44) quotient in % (<6),
admission (4.0-7.8) o
myoglobin in ug/l
(28 - 72)]

Note. lvalues in parentheses () represent the physiological range [23]. 2CPR = cardiopulmonary resuscitation.
SNo-flow time is defined as time interval between onset of out-of-hospital cardiac arrest and start of
cardiopulmonary resuscitation [24]. *While the GCS was originally developed for assessing consciousness levels
in traumatic brain injury [25], application of GCS in this study reflects its utility in evaluating neurological

function irrespective of underlying etiology.

2.3. Statistical Analyses

All statistical analyses were carried out using IBM SPSS Statistics 29 (Armonk, NY, USA) with a
two-sided a level of .05. For descriptive statistics, missing values in single variables were considered
by presenting absolute values, range, and frequencies as % (n/invalid). Continuous variables were
presented as mean (M) + standard deviation (SD).

Differences between categorical variables were analyzed using Fisher’s exact tests. We
specifically analyzed differences between survivors and nonsurvivors in the following categorial
variables: “case” (drowning, diving), “sex” (male, female), “CPR received” (yes, no), and “GCS” (GCS
<8, GCS9-12, GCS > 13).

Group differences in normally distributed continuous variables were analyzed using univariate
analyses of variance (ANOVAs). We specifically analyzed differences between survivors and
nonsurvivors in the following normally distributed continuous variables: “age”, “body
temperature”, “CK-MB quotient”, “pH”, “lactate”, and “blood sugar”.
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Group differences in non-normally distributed continuous variables were analyzed using Mann-
Whitney U-tests. We specifically analyzed differences between survivors and nonsurvivors in the
following non-normally distributed continuous variables: “GCS”, “troponin”, and “myoglobin”.

3. Results

3.1. Patient Characteristics

During the study period, 25 patients were admitted to the ED and included in the analysis [sex:
17 (68%) male, 8 (32%) female, mean age: 49.3 + 20.5 years]. Of these patients, 19 (76%) had
experienced a drowning accident, while 6 (24%) had been involved in a diving accident. The location
of the drowning or diving accident was a lake in 19 cases (76%), other freshwater sources in 4 cases
(16%), a pool in one case (4%), and a bathtub in one case (4%).

In total, 15 patients (60%) did not survive the accident. Following drowning incidents, six
patients (31.6%) survived, while 13 did not (68.4%). Following diving accidents, four patients (66.7%)
survived and two did not (33.3%). Age, sex, or etiology of the accident were not statistically associated
with survival. The detailed characteristics of survivors and nonsurvivors can be found in Table 2.

Table 2. Clinical and laboratory parameters in groups of survivors and nonsurvivors after drowning or diving

accidents.
Parameter Survivor Nonsurvivor p
N 10 15
Patient characteristics
Case [drowning/diving] 6/4 13/2 0.175
Sex [m/f] 7/3 10/5 1.000
Age [yrs] 51.6+22.2 47.8+20.0 0.660
Clinical findings
CPR [yes/no] 2/8 13/2 0.002
If yes:
CPR duration [€10 min, >10 min] 2/0 2/11 n.a.
No-flow time [<5 min, >5 min] 2/0 4/8 n.a.
Body temperature [°C] 36.1£1.0 33.5+£3.4 0.100
GCS

GCS<38 3 15
GCS 9-12 0 0 <0001

GCS=>13 7 0

Laboratory findings

Lactate [mmol/I] 4.3+2.9 14.8+8.4 0.002
pH 7.420.1 6.7+0.3 <0.001
CK-MB quotient [%] 9.7+4.5 51.8+20.5 <0.001
Myoglobin [ug/1] 188.9+190.4 1930.9+1977 .4 <0.001
Troponin [pg/ml] 19.2+12.9 67.7+70.6 0.076
Blood sugar [mmol/1] 6.6+1.4 14.3+4.1 <0.001

Note. Values represent n, mean, and standard deviation. Bold values indicate a significant difference of p <.05.
n.a. = p value not applicable due to low sample size in the survivor group. CP = cardiopulmonary resuscitation;
GCS = Glasgow Coma Scale.

3.2. Clinical Findings in Survivors and Nonsurvivors

In the group of nonsurvivors, CPR was more commonly administered (86.7%) than in the group
of survivors (20%). A total of 15 patients (60%) received CPR, of whom two (13.3%) survived and 13
(86.7%) did not. There was a significant association between receiving CPR and survival rate (p =
0.002; Figure 1). Of the four patients in whom CPR was performed for a maximum time of 10 min,
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two survived. In contrast, none of the 11 patients who received CPR for more than 10 min survived.
When the no-flow time exceeded 5 min (in eight patients receiving CPR, 53.3%) none survived,
whereas among the six patients (40%) with a no-flow time of less than 5 min, two (33.3%) survived.

In our sample, the GCS values ranged from 3 to 15, with 18 patients showing severe brain injury
(GCS < 8) and seven patients showing minor neurological impairment (GCS > 13). No patients
showed moderate neurological impairment (GCS 9-12). All patients in the nonsurvivor group
exhibited a GCS score of 3, which differed significantly from the scores of survivors (p <0.001).

The mean body temperature across all clinical cases was 34.6 + 2.9°C (range 28.0-37.0°C). In
nonsurvivors, body temperature was lower (33.5°C) than in survivors (36.1°C); however, this
difference was not statistically significant (p =0.100). A detailed description of the clinical parameters
for survivors and nonsurvivors can be found in Table 2.

Of the 15 nonsurvivors, forensic autopsy revealed that hypoxic brain injury was the leading
cause of death in seven cases (46.7%), followed by heart failure and multi-organ failure in four cases
each (26.7%).

0% 25% 50% 75% 100%
Frequency (%)

. CPR received no CPR

Figure 1. Stacked bar plots of cardiopulmonary resuscitation (CPR) performed in survivors and nonsurvivors.

3.3. Laboratory Findings in Survivors and Nonsurvivors

The mean lactate value across all clinical cases was 10.5 + 8.5 mmol/l (range 0.9-28.0), with values
of 4.3 mmol/l in survivors and 14.8 mmol/l in nonsurvivors (p =0.002; Figure 2).

The mean pH value across all clinical cases was 7.0 + 0.4 (range 6.3-7.5). Consistent with the
lactate levels, there was a significant difference in pH between survivors (pH =7.4) and nonsurvivors
(pH=6.7; p <0.001).

The mean blood sugar level across all clinical cases was 11.6 + 5.0 mmol/l (range 4.9-20.7), with
blood sugar levels of 6.6 mmol/l in survivors and 14.3 mmol/l in nonsurvivors (p < 0.001).

The mean values for the heart enzymes across all clinical cases were 49.2 + 60.2 pg/ml for
troponin (range 4.6-211.0), 1,253.5 + 1,754.0 ug/1 for myoglobin (range 25.0-7,010.0), and 35.5 + 26.4%
for CK-MB quotient (range 4.6-86.9). Among survivors versus nonsurvivors, the respective values
were 19.2 pg/ml versus 67.7 pg/ml (p = 0.076) for troponin, 188.9 ug/1 versus 1,930.9 ug/1 (p < 0.001)
for myoglobin, and 9.7% versus 51.8% (p < 0.001) for the CK-MB quotient. A detailed description of
the laboratory parameters for survivors and nonsurvivors can be found in Table 2.
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Figure 2. Violin plots of lactate values in survivors and nonsurvivors.

4. Discussion

The results of this study indicate that markers associated with not surviving a drowning or
diving accident include receiving out-of-hospital CPR and having a low GCS score, decreased pH
levels, and increased levels of lactate, CK-MB-quotient, myoglobin, and blood sugar. There was no
significant association in our sample between survival and sex, age, body temperature, troponin, or
whether the incident was drowning or diving.

Our study found that there is a significant association between receiving out-of-hospital CPR
and not surviving, indicating that patients who require CPR after a drowning or diving accident are
more likely to have a fatal outcome than those who do not undergo CPR. This finding aligns with
established clinical understanding, as even brief periods of cardiac and pulmonary dysfunction are
known to adversely affect survival and neurological outcomes, regardless of the cause of OHCA [26].
The necessity and duration of CPR comprise two of the most critical factors affecting survival in
preclinical settings [24]. Parameters such as no-flow time, CPR duration, and the occurrence of return
of spontaneous circulation (ROSC) have been proposed as predictors of survival in OHCA. This also
includes the quality of CPR and preclinical medical care provided by healthcare professionals and
laypersons [6,24,26]. However, the results of other studies indicate that the duration of CPR may not
significantly impact long-term survival [27], and the value of CPR duration as a direct prognostic
marker for survival remains unclear [19].

Given the pathophysiology of drowning — which inevitably leads to terminal apnea followed by
cardiac arrest — the strong association between receiving CPR and survival is coherent. Furthermore,
it is noteworthy that, among OHCA patients in 2023, the GRR reported that only 41.4% achieved
ROSC, and 24-h survival was below 20% [6].

Due to the small number of cases in our study, we could not test for a statistical association
between CPR duration and survival, as only two of the 15 patients who received CPR survived.
Importantly, these two patients were in the group in which CPR duration was less than 10 min,
whereas all 11 patients receiving CPR for more than 10 min died. This observation aligns with
findings from a 2022 study on OHCA, which reported the lowest survival rates in patients with
prolonged CPR durations (>20 min) and the highest survival rates in those with shorter durations
(<10 min) [27]. Moreover, we could not test for a statistical association between survival and no-flow
time. However, as with CPR duration, all survivors presented a no-flow time of less than 5 min. In
the nonsurvivor group, no-flow time was more than 5 min in eight patients. It can be assumed that,
specifically in diving accidents, rescue from the water takes longer and therefore no-flow times are
longer. Other studies have found that no-flow time can be a reliable prognostic marker for survival
and neurological outcome in patients with OHCA of endogenous origin [29].

The leading clinical cause of death in the nonsurvivor group was hypoxic brain injury. Previous
studies often related neurological outcomes to the duration of CPR, the timing of intervention, and
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the management of hypothermia [30]. For drowning and diving accidents, all of these parameters are
difficult to determine, as rescue from the water may be prolonged and hypothermia is more likely
[31]. This circumstance may be one reason why hypoxic brain injury was the leading cause of death,
and it is an important factor to consider when treating patients who have suffered a drowning or
diving accident.

Body temperature constitutes an ambivalent factor in both clinical and preclinical care.
Hypothermia is considered to be part of the triad of death, alongside coagulopathy and acidosis [32].
However, hypothermia can also have neuroprotective properties and is used in clinical settings to
preserve neurological function and prevent brain damage caused by hypoxia [15]. In our study, no
significant relationship was found between body temperature and survival; however, body
temperature was below physiological levels in those patients who did not survive. Other studies have
described a correlation between low rectal temperature and a worse clinical outcome in both
drowning- and non-drowning-related cases [33,34]. Specifically in drowning cases, a low rectal
temperature was associated with a longer period of submersion and a lower water temperature [21,
31]. However, as most studies conducted on this topic focused on pediatric patients, the results may
not be applicable to adults.

The GCS is primarily used in preclinical settings to assess state of consciousness after traumatic
brain injury [35]. All patients in the nonsurvivor group were found to have a GCS of <8, whereas the
majority of patients in the survivor group exhibited a GCS of >13. Given that loss of consciousness
due to hypoxia is a key feature of the pathophysiology of drowning, particularly in severe cases, it is
reasonable to expect a significant relationship between survival and GCS score, which serves as a
quantitative measure of consciousness and neurological impairment [35]. This correlation has also
been demonstrated in other studies, particularly those investigating survival following OHCA or
survival in trauma patients [24,36].

With respect to laboratory parameters, we found that pathological values in several markers
were associated with survival outcomes in drowning and diving accidents. Many of these parameters
are also established prognostic indicators in other clinical conditions, such as trauma and myocardial
infarction [5]. One of the primary objectives of the present study was to evaluate whether these
laboratory parameters could also serve as predictors of survival in drowning and diving accidents.
Indeed, our findings are consistent with those of the OBSERVE-Lactate study, which examined lactate
levels as a prognostic indicator for survival in trauma patients [17]. In our cohort, lactate
concentrations were markedly elevated in fatal cases, whereas survivors exhibited values close to
physiological levels, although still slightly elevated. Similar findings were reported in another study
that assessed lactate as an early predictor for survival and clinical outcomes in patients undergoing
resuscitative care [35]. In that same study, a correlation between survival and pH value was also
identified, with pH being reported as an independent predictor of survival in several other studies
[37]. Given the well-established inverse relationship between lactate and pH —where elevated lactate
levels contribute to metabolic acidosis and thus lower pH values [18] —this result was anticipated,
particularly in light of the observed association between lactate levels and survival in our study.

Concerning heart enzymes, both the CK-MB quotient and myoglobin levels were found to be
associated with survival in the present study. However, these parameters are usually used in
diagnosing myocardial infarction and can also be elevated in cases of noncardiac skeletal muscle
injury (e.g., rhabdomyolysis) or renal failure [19]. Given that drowning leads to cardiac arrest and
hypoxia-induced muscular stress and ischemia, an increase in the CK-MB ratio and myoglobin is not
unexpected. Importantly, CPR itself may contribute to elevating the CK-MB ratio, as chest
compressions exert direct mechanical pressure on the heart, potentially increasing cardiac creatine
kinase release. Therefore, these observed associations may not be specific to drowning
pathophysiology, and the CK-MB ratio might not serve as a reliable predictor of survival in drowning
or diving accidents. This interpretation is supported by findings from another study investigating
differences between in- and out-of-hospital cardiac arrests and resuscitations. In that study, an
elevated CK-MB ratio was observed, with no significant differences between groups [37], suggesting
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that an increase in the CK-MB-quotient is probably a CPR effect. Additionally, the prognostic value
of myoglobin remains uncertain, with some authors even recommending that routine measurement
be discontinued due to the limited clinical utility of that parameter [20].

We also observed a significant association between blood sugar level and survival. Although
research on this specific association in drowning and diving accidents is limited, some studies
examining blood glucose as a prognostic marker for neurological outcomes and survival in trauma
patients support our findings [16]. However, our study did not assess whether elevated blood sugar
levels were present prior to the incident or were a physiological response to the drowning or diving
event.

Overall, predicting survival in drowning and diving accidents is quite similar to that for other
clinical conditions, including both trauma-related and nontraumatic fatalities [17,25]. While the
severity and pathophysiological expression of certain parameters may differ in drowning compared
to other causes of hospitalization, their implications for survival and the urgency of appropriate
medical intervention are likely comparable. However, drowning and diving incidents present
distinct challenges, such as prolonged rescue times, environmental factors such as water temperature,
and extended submersion or no-flow times. These unique circumstances underscore the critical
importance of rapidly assessing the situation and initiating appropriate interventions, including CPR,
thermoregulation, HBOT, and other clinical treatments.

This study has several limitations. It is a monocentric, retrospective analysis based on a small
sample size (n = 25), which limits the generalizability of the findings. As a cross-sectional study, no
follow-up was conducted on surviving patients, and neurological outcomes were not assessed.
Additionally, evolving clinical treatment protocols over the study period (2012-2024), along with
incomplete data for some variables, further constrain the robustness of the results.

5. Conclusions

This study could serve as a foundation for optimizing the clinical management of adult patients
involved in drowning and diving accidents, potentially enabling earlier and more informed decision-
making based on laboratory and preclinical parameters. Based on our findings, we propose several
recommendations to improve outcomes in such cases: establish a centralized national registry for
diving accidents, develop extended emergency and rescue protocols specific to immersion-related
incidents, and implement structured post-hospital follow-up documentation for survivors of
drowning and diving accidents.
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